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THIS  BOOK  IS  AFFECTIONATELY  DEDICATED 

TO  MY  FATHER, 


PREFACE 

This  book  is  a  compilation  of  carefully  selected  methods  of 
technical  analysis  that  have  proven  of  practical  value  to  the 
professional  chemist.  The  subjects  have  been  presented  with 
sufficient  detail  to  enable  one  with  an  elementary  knowledge  of 
analytical  processes  to  follow  the  directions;  on  the  other  hand, 
lengthy  exposition,  theoretical  dissertation  and  experimental  data 
are  purposely  avoided,  in  order  to  include  a  large  amount  of  in- 
formation in  a  compact,  accessible  form.  References  to  original 
papers  are  given  when  deemed  advisable. 

For  methodical  arrangement  the  material  is  grouped  under 
three  major  divisions — Part  I.  Quantitative  determination  of  the 
elements.  Part  II.  Special  subjects.  Part  III.  Tables  of  infor- 
mation. 

In  the  first  division  the  elements  are  generally  taken  up  in 
their  alphabetical  order,  each  chapter  being  fairly  complete  in 
itself,  cross-references  being  given  to  certain  details  included 
elsewhere  to  avoid  repetition.  For  example,  the  complete  di- 
rections for  separation  of  the  halogens  are  given  in  the  chapter 
on  chlorine,  and  references  to  these  details  are  given  in  the  chap- 
ters dealing  with  the  other  members  of  this  group.  Occasionally 
it  has  been  deemed  advisable  to  place  several  related  elements 
together  in  the  same  chapter. 

Each  chapter  on  the  elements  is  generally  arranged  according 
to  the  following  outline: 

Physical  Properties,  Atomic  weight;  specific  gravity;  melting- 
point;  boiling-point;  oxides. 

Detection,  Characteristic  reactions  leading  to  the  recognition 
of  the  element. 

Estimation,  The  subject  is  introduced  with  such  information 
as  is  useful  to  the  analyst. 

Preparation  and  Solution  of  the  Samples.  Here  directions  are 
given    for    the    preparation    and    decomposition    of    characteristic 
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materials  in  which  the  element  occurs.     Recommendations  to  the 
best  procedures  are  included  to  assist  the  analyst  in  his  choice. 

Separations.  This  section  is  devoted  to  procedures  for  the 
removal  of  substances,  commonly  occurring  with  the  element, 
that  may  interfere  with  its  estimation.  In  the  absence  of  such 
substances,  or  in  case  methods  are  to  be  followed  by  which  a  direct 
estimation  of  the  element  may  be  made  in  the  presence  of  these 
substances,  this  section  on  separations  may  be  omitted  in  the 
course  of  analysis.  Here  the  discretion  of  the  chemist  is  necessary, 
and  some  knowledge  of  the  substance  examined  essential. 

Methods.  The  procedures  are  grouped  under  gravimetric  and 
volumetric  methods.  Several  processes  are  generally  given  to 
afford  the  opportunity  of  selection  for  particular  cases  and  for 
economical  reasons  where  special  reagents  may  not  be  available. 

In  many  of  the  chapters  methods  for  determining  traces  of 
the  element  are  given,  and  the  subjects  are  concluded  by  typical 
examples  of  complete  analysis  of  substances  containing  the  elements. 

The  titles  to  the  procedures  generally  give  a  clue  to  the  processes. 
Names  of  originators  are  occasionally  retained  where  common 
usage  makes  the  methods  generally  known  by  these. 

Although  the  combined  acid  radicals  are  taken  up  with  the 
elements  to  which  they  may  be  assigned,  a  chapter  is  devoted  to 
the  more  important  of  the  acids  in  their  free  state,  and  is  placed 
with  the  other  special  subjects  in  the  second  division  of  the  book, 
Here  are  found  chapters  on  water,  paint,  oil,  alloys,  coal,  cement 
gas,  and  such  subjects  as  are  best  classed  in  sections  apart  fron 
simple  substances  dealt  with  in  the  first  portion  of  the  work. 

The  last  portion  of  the  book  is  devoted  to  tables  of  the  mon 
important  arithmetical  operations.  These  are  designed  to  assisi 
the  analyst  to  greater  accuracy  of  calculations,  as  well  as  to  relieve 
him  of  needless  expenditure  of  time  and  energy. 

The  material  herein  included  has  been  carefully  selected,  ai 
effort  having  been  made  to  obtain  the  more  trustworthy  method 
that  will  meet  the  general  needs  of  technical  chemists.  The  col 
laborators  are  aware  of  the  limitations  of  analytical  processes  an( 
will  gladly  welcome  criticism  of  the  procedures,  and  suggestion 
that  will  enable  them  to  improve  the  work. 

The  editor   wishes  to  acknowledge  his  indebtedness  to  thos 
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cooperating  with  him  in  the  compilation  of  this  volume.  The  names 
of  these  appear  in  the  table  of  contents,  as  well  as  on  the  title 
pages  of  their  respective  chapters.  For  useful  suggestions  and 
information  of  value  to  this  work,  or  for  assistance  in  reviewing 
manuscript  or  proof  we  express  our  appreciation  of  Dr.  F.  A. 
Gooch,  Mr.  C.  W.  Ferguson,  Mr.  W.  S.  Allen,  Dr.  Allen  Rogers, 
Mr.  L.  E.  Barton,  Mr.  T.  T.  Gray,  Mr.  W.  G.  Derby,  Mr.  A.  W. 
Betts,  Mr.  N.  F.  Harriman,  Dr.  E.  Bedtel,  Mr.  W.  F.  Doer- 
flinger,  Mr.  J.  M.  Cratty,  Mr.  B.  S.  Clark  and  others,  mention  of 
whom  is  made  in  the  text.  We  would  make  special  mention  of 
Dr.  John  C.  Olsen  for  his  review  of  the  entire  manuscript  and 
for  many  vaulable  suggestions,  which  are  incorporated  in  the 
work.  We  wish  to  express  our  high  appreciation  of  Dr.  Frank 
E.  Hale  for  his  invaluable  assistance  in  reviewing  proof  and  for 
his  contributions. 

A  list  of  the  majority  of  publications  consulted  is  given  in 
alphabetical  order  in  the  appendix  of  this  volume.  Reference  to 
these  authorities  will  be  found  throughout  the  book. 

W.  W.  Scott. 

New  York  Crrr, 
January,  1917. 
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alkali  metals  from  one  another — separation  of  sodium  from  potassium;  lithium  from 
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termination of  tin  or  the  oxides  of  tin  by  hydrolysis,  determination  of  tin  as  sulphide, 

422,  423.  Bichloride  of  tin — stannic  acid  method — hot  water  precipitation;  Acker 
process  method;  determination  as  sulphide,  424-426.  Volumetric  determination  of 
tin — Lenssen's  iodine  method  as  modified  by  Baker,  standard  method  of  the  American 
Can  Company,  426.  Electrolytic  determination  of  tin,  430.  Estimation  of  tin  in 
canned  food  products,  430. 

TITANIUM 

Wilfred  W.  Scott 
Research  Chemist,  General  Chemical  Company 

L.  E.  Barton 
Chief  Chemist,  Titanium  Alloy  Manufacturing  Company 

Detection — testa  with  hydrogen  peroxide,  morphine,  zinc,  sulphur  dioxide  and 
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PART  I 

TECHNICAL    METHODS  FOR    THE   DETECTION   AND 
DETERMINATION  OF  THE  MORE  IMPORTANT 

ELEMENTS 


ALUMINUM » 

Wilfred  W.  Scott 
AU  at.wt.  27.1;  8p.gr.  2.583;  m.p.  658.7  **;  b.p.  2200'';  oxide  AlaOi. 

DETECTION 

The  sample  is  brought  into  solution  according  to  one  of  the  procedures  out- 
lined under  "  Preparation  and  Solution  of  the  Sample."  Silica  is  removed  by 
taking  the  solution  to  dryness,  boiling  the  residue  with  hydrochloric  acid  and 
filtering.  The  members  of  the  hydrogen  sulphide  group  are  removed  as  asual 
with  HjS,  the  filtrate  boiled  to  ^pel  the  excess  of  H2S,  iron  oxidized  with  nitric 
acid,  and  aluminum,  iron  and  chromium  precipitated  as  hydroxides  by  addition 
of  ammoniimi  hydroxide  in  presence  of  ammonium  chloride.  On  treating  the 
precipitate  with  sodium  peroxide,  aluminum  and  chromium  hydroxides  dissolve, 
whereas  ferric  hydroxide  remains  insoluble.  Aluminum  hydroxide  is  precipi- 
tated by  acidifying  the  alkaline  solution  with  hydrochloric  or  nitric  acid,  and 
neutralizing  with  ammonia;  chromium  remains  in  solution. 

The  white  gelatinous  precipitate  of  almninum  hydroxide  may  be  confirmed 
by  adding  a  drop  of  cobalt  nitrate  solution  and  burning  the  filter.  The 
residue  will  be  colored  blue  by  the  resulting  aluminum  cobalt  compound. 

Sodium  thiosulphate,  Na2Ss08,  added  to  a  neutral  or  slightly  acid  solution, 
containing  aluminum,  precipitates  aluminum  hydroxide,  upon  boiling  the  solu- 
tion. Sodium  sulphite,  or  ammonium  chloride  added  in  large  excess,  will  also 
cause  this  precipitation. 

ESTIMATION 

The  determination  of  aluminum,  in  terms  of  alumina,  AUOj,  is  required  in 
the  evaluation  of  almninum  ores,  bauxite,  Al20(OH)4;  diaspore,  AIO(OH);  alunite, 
K;0.3AljO».4S03.6H20,  etc.  It  is  determined  in  the  analysis  of  feldspar,  hal- 
loyate,  clays,  granite,  gneiss,  porphyry,  mica  schist,  slate,  obsidian  or  pumice 
stone,  cryolite,  limestone,  and  in  the  complete  analysis  of  a  large  number  of 
mineral  substances.  The  estimation  of  alumina  is  required  in  the  analysis  of 
cements,  plaster,  ceramic  materials,  aluminum  salts,  and  is  especially  important 
in  the  control  of  processes  in  the  manufacture  of  aluminum  products.  As  a 
metal  it  is  determined  in  commercial  aluminum,  and  its  alloys. 

Preparation  and  Solution  of  the  Sample 

In  dissolving  substances  containing  aluminum  it  will  be  recalled  that  alumina, 
although  ordinarily  soluble  in  acids,  is  very  difficult  to  dissolve  when  it  is  highly 
heated.  It  may  be  best  dissolved,  in  this  case,  by  fusion  with  sodium  carbonate 
or  with  acid  potassium  sulphate,  followed  by  an  acid  extraction.  The  metal  is 
scarcely  acted  upon  by  nitric  acid,  but  is  readily  soluble  in  the  halogen  acids  and 
ro  hot  concentrated  sulphuric  acids. 

General  Procedure  for  Ores.  One  gram  of  the  finely  powdered  ore, 
taken  from  a  representative  sample,  is  placed  in  a  platinum  dish,  5  cc.  of  con- 

^Also  spelled  Aluminium. 
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centrated  sulphuric  acid  are  added,  followed  by  about  20  cc.  of  strong  hydro- 
fluoric acid.  The  mixture  is  evaporated  over  a  steani  bath  as  far  as  possible 
and  then  taken  to  SO3  fumes  on  the  hot  plate  (Hood),  Upon  cooling,  a  little 
dilute  hydrochloric  acid  is  added  and  the  mixture  warmed.  The  solutionis 
diluted  with  distilled  water  and  filtered  if  any  residue  remains. 

The  insoluble  residue  remaining  on  the  filter  may  be  brought  into  solution 
by  fusing  the  ignited  residue  with  sodium  carbonate  or  acid  potassium  sulphate. 
If  barium  is  present  sodium  carbonate  fusion  is  made  and  the  melt  extracted 
with  water  to  remove  the  sodium  sulphate.  The  residual  carbonates  may  now  be 
dissolved  with  hydrochloric  acid. 

Sulphide  Ores  should  be  oxidized  with  nitric  acid  and  bromine  according 
to  the  general  procedure  for  decomposing  pyrites  in  the  determination  of 
sulphur. 

The  solution  of  the  sample  having  been  effected,  aluminum  is  separated  from 
elements  that  interfere  in  its  estimation.  Directions  for  the  removal  of  these 
substances  are  given  under  **  Separations.''  The  element  is  now  in  solution  in 
such  form  that  it  may  be  determined  gravimetrically  or  volumetrically. 

Fusion  Method.  Sodium  Carbonate.  The  air-dried  material,  ground  to  a 
fine  powder,  is  placed  in  a  glass-stoppered  bottle.  If  the  determination  is  to  be 
made  on  the  dry  basis,  moisture  is  driven  out  by  placing  the  material  in  the  hot  air 
or  steam  oven  for  an  hour  (100  to  110®  C).  One  gram  sample,  placed  in  a  largo 
platinum  crucible,  is  mixed  with  4  to  5  grams  of  anhydrous  sodium  carbonate 
and  the  material  heated  to  fusion,  the  heating  being  continued  until  the  mdten 
mass  appears  clear.  The  liquid  mass  may  be  poured  on  a  large  platinum  crucible 
lid,  or  if  preferred,  allowed  to  cool  in  the  crucible,  a  platinum  prod  being  held  in  the 
fusion  until  it  solidifies.  By  gently  heating  the  crucible  over  a  flame  the  fusion 
loosens  from  the  sides  and  may  be  lifted  out  on  the  prod.  In  either  case  the 
cooled  mass  is  dissolved  by  placing  it,  together  with  the  crucible  in  which  the  fusion 
was  made,  in  a  casserole,  and  treating  with  hydrochloric  acid,  the  casserole  being 
covered  with  a  clock  glass  during  the  reaction. 

Silica  is  removed  by  evaporating  the  solution  to  dryness  on  the  water  or  steam 
bath  and  drying  in  the  oven  at  110®  C.  for  an  hour  or  more.  The  residue  it 
extracted  with  hot  dilute  hydrochloric  acid  and  silica  filtered  off. 

If  the  solution  is  cloudy  upon  treatment  of  the  fusion  with  acid,  it  indi- 
cates either  tho  presence  of  barium  sulphate  or  incomplete  decomposition  0 
the  sample.  In  the  latter  case  the  residue  is  gritty  and  the  fusion  of  thi 
material  should  be  repeated. 

Fusion  with  Potassium  Bisulphate.  This  procedure  is  recommended  fo 
the  decomposition  of  commercial  alumina  or  calcined  ALOs.  The  procedure  i 
similar  to  the  sodium  carbonate  fusion  with  the  exception  that  less  heat  is  required 
A  silica  dish  may  be  used,  if  desired,  in  place  of  platinum. 

Extraction  of  Ores  of  Aluminum  for  Their  Conmiercial  Valuation.  Tli 
available  ahiinina  in  bauxite,  aluuite,  clays  and  aluminum-bearing  materia] 
may  be  approximately  ascertained  by  digesting  5  grams  of  the  pulverized  samp^ 
with  45  cc.  of  5  N.  H2SO4  for  three  hours  in  a  Kjeldahl  flask  with  reflux  coi 
denser,  the  heat  being  so  regulated  ^  that  the  drip  from  the  condenser  amoun 
to  5  to  8  drops  per  minute.  The  solution  filtered  hot,  together  with  the  wad 
ings  of  the  residue  is  diluted  to  1000  cc.     Aliquot  portions  of  this  solutic 

*  Method  for  controlling  temperature  by  observing  condensation  suggested  1 
W.  S.  Allen. 
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are  taken  for  determination  of  the  desired  soluble  constituents,  according 
to  the  procedures  outlined  under  bauxite  analysis  in  the  latter  portion  of  the 
chapter. 

Solution  of  Metallic  Aluminum  and  its  Alloys.  The  metal  may  be  dis- 
solved in  dilute  hydrochloric  acid,  1  :  1,  or  in  a  solution  of  sodium  hydroxide 
or  potassium  hydroxide. 

Allo3rs  of  aluminum  are  best  brought  into  solution  with  a  mixture  of  hydro- 
chloric and  nitric  acids. 

SEPARATIONS 

General  Considerations.  In  the  usual  course  of  analysis,  aluminum  is 
in  solution  as  a  sulphate  or  as  a  chloride,  silica  having  been  removed  by  dehy- 
dration, as  described  under  "Preparation  and  Solution  of  the  Sample."  The 
following  interfering  elements  may  be  present  in  the  solution:  iron,  manganese, 
arsenic,  antitnony,  titanium,  phosphoric  acid,  and  more  rarely  chromium  and 
aroonium.  In  alloys  of  aluminum  other  elements  may  be  added  to  this  list. 
The  separation  more  commonly  required  is  from  iron,  aluminum  and  iron 
being  precipitated  together  as  the  hydroxides.  In  usual  practice  the  two  are 
weighed  together  as  Fe^Oa  and  AUOg,  after  ignition  to  this  form,  and  iron  then 
determined,  either  on  a  separate  portion  of  the  sample,  or  by  solution  of  the 
precipitate  by  fusion  with  sodium  carbonate  or  potassium  bisulphate  and  sub- 
sequent extraction  with  hydrochloric  acid.  The  following  procedures  of  sep- 
arations are  given  for  special  cases  less  commonly  required  in  analysis.  The 
chemist  should  be  familiar  with  the  substance  with  which  he  is  working  and 
have  a  general  idea  of  its  composition  in  order  to  be  able  to  choose  the 
correct  procedure  for  estimation  of  the  aluminum  content.  In  ores  and  mate- 
riab  to  be  used  for  production  of  aluminum  compoimds  the  results  are  reported 
in  terms  of  the  oxide-alumina,  AI2O1,  in  alloys  as  the  element,  Al. 

Removal  of  Silica.  This  compound  has  already  been  considered  under 
"Preparation  and  Solution  of  the  Sample,"  SiOt  being  removed  by  taking  the 
solution  to  drj'ness,  dehydrating  the  oxide  by  additional  heating  in  the  oven, 
foDowed  by  extraction  of  the  soluble  constituents  with  dilute  hydrochloric  acid 
and  filtration.  Under  the  first  procedure  for  solution  of  the  ore  by  sulphuric  and 
hydn^uoric  acids  silica  is  expelled  as  gaseous  SlB\. 

Separatipn  from  Iron.  1.  Aluminum  hydroxide  is  precipitated  by  the 
addition  of  a  salt  of  a  weak  acid  to  its  neutral  or  slightly  acid  solution,  iron 
remaining  in  solution.  Details  of  the  procedure  for  precipitation  of  aluminum 
hydroxide  by  means  of  sodium  thiosulphate  are  given  under  **  Gravimetric 
Methods  for  Determination  of  Aliuniniun,''  page  9. 

2.  Aluminum  chloride  is  precipitated  from  a  concentrated  solution  of  hydro- 
chloric acid  and  ether  saturated  with  HCl  gas.  Details  of  the  procedure  are 
given  under  the  gravimetric  methods  for  aluminum,  page  10. 

Note.  The  following  additional  procedures  for  separation  of  iron  and  alumina 
have  been  8ug[ge8ted: 

(a)  Precipitation  of  iron  as  FeS  in  presence  of  organic  acids,  citric,  tartaric, 
■aUcvhc,  etc.,  aluminum  remaining  in  solution. 

{h)  Precipitating  iron  by  addmg  sodium  peroxide  to  a  cold  neutral  solution  of 
the  elements  until  the  precipitate  first  formed  dissolves,  then  decomposing  the  sodium 
ferrate  by  boiling,  Fe(OH)s  precipitates,  Al  remaining  in  solution.  (Glaser,  J.  S.  C.  I., 
18d7,  936.) 
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(c)  The  neutral  solution  of  the  elements  is  boiled  with  freshly  precipitated  MnOt, 
which  causes  the  precipitation  of  iron  as  Fe(()H)3,  while  aluminum  remains  in 
solution,  (chromium  also  passes  into  the  filtrate). 

(d)  Precipitation  of  iron  from  acid  solutions  by  means  of  amino-nitrosophenyl- 
hydroxylamine,  (cupferron),  aluminum  remaining  in  solution.  (().  Baudisch,  Chero. 
Ztg.,  83,  1298,  1905.  //m/.,  85,  913,  1911;  O.  Baudisch  and  V.  L.  Kmg,  J.  I.  E.  C, 
3,627,1911). 

(e)  Precij>itation  of  aluminum  (together  with  phosphoric  acid,  if  present),  by 
phenylhydrazino,  added  to  the  reduced,  w^eakly  acid  or  neutral  solutions.  Iron, 
cobalt,  nickel,  calcium,  and  magnesium  remain  in  solution.  (Hess  and  Campbdl. 
C.  N.,  Ixxxi,  15S.     Englos,  J.  8.  C.  I.,  1898,  796.) 

(/)  Electrolytic  separation  of  iron  by  amalgamation  with  mercur>'  cathode  and 
determining  aluminum  in  the  solution.  (Kretzschmar,  J.  S.  C.  I.,  1890,  1064; 
Kolin  and  Woodgate,  J.  S.  C.  I.,  1889,  260.) 

Phosphoric  Acid.  In  presence  of  phosphoric  acid,  the  phosphates  of  iron 
and  alumina  together  with  the  phosphates  of  the  other  elements  of  the  group 
and  those  of  the  alkaline  earths  will  be  precipitated  upon  making  the  solution 
alkaline  with  ammonia.  Should  iron  and  alumina  be  the  only  elements  of  these 
two  groups  present  in  the  solution,  they  may  be  precipitat<;d  together  as  phos- 
phates, iron  determined  by  titration  and  calculated  to  the  phosphate  salt, 
and  alumina  obtained  by  (liflference.  Occasional!}'-,  however,  it  is  necessary  to 
remove  phosphoric  acid. 

Removal  of  Phosphoric  Acid.  The  material  is  fused  with  about  six  times 
its  weight  of  a  mixture  of  4  parts  NaoCO,  and  1  part  SiO?  (silex),  and  the 
melt  extracted  with  water  containing  ammonium  carbonate.  Iron  and  aluminum 
remain  on  the  filter,  upon  filtration,  while  sodimn  phosphate  passes  into  solu- 
tion. Both  the  precipitate  and  filtrate  contain  silica.  The  precipitate  of  iron 
and  alumina  is  dissolved  in  hydrochloric  acid  and  taken  to  drj'ness,  the 
residue  dehydrated  as  usual,  then  treated  with  dilute  hydrochloric  acid  and 
silica  filtered  off.    The  solution  contains  iron  and  aluminum  in  fonn  of  chlorides 

Separation  of  Aluminum  from  Chromium.  The  solution  is  made  strongly 
alkaline  with  sodium  or  potassium  hydroxides  and  chromium  oxidized  bi 
passing  in  chlorine  gas  or  by  adding  bromine.  The  solution  is  now  acidifie( 
w^ith  nitric  acid  and  aluminum  hydroxide  precipitated  by  addition  of  ammo 
nium  hydroxide,  chromium  remaining  in  solution  as  a  chromate. 

Separation  of  Aluminum  from  Manganese,  Cobalt,  Nickel,  Zinc,  tin 
Alkaline  Earths,  and  Alkalies.  Iron  and  aluminum  are  precipitated  as  baa 
acetates,  the  other  elements  passing  into  solution.  Details  of  the  procedur 
are  given  under  the  basic  acetate  method  on  page  2C0 . 

In  absence  of  phosphates,  these  elements  do  not  interfere  in  the  determi 
nation  of  aluminum  by  precipitation  as  the  hydroxide. 

Separation  of  Aluminum  from  Titanium.  Details  of  the  procedure  ai 
given  under  ** Titanium. '^ 

Separation  of  Aluminum  from  Uranium.  Aluminum  is  precipitated  8 
a  carbonate  in  presence  of  a  large  amount  of  ammonium  salts  by  addition  c 
a  large  excess  of  anunonium  carbonate  and  ammonium  sulphide,  while  uraniui 
remains  in  solution  as  the  complex  compound  U03(C03)8(NH4)4. 

Separation  from  Glucinum.  Aluminum  is  soluble  in  the  fixed  alkalies  an 
remains  in  solution  on  boiling;  gluciimm  also  dissolves,  but  is  precipitated  o 
I  oiling,  (flucinum  is  soluble  in  an  excess  of  ammonium  carbonate,  aluminui 
i.;  not. 

I'or  atiditional  separations  see  cliapter  on  element  in  question. 
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GRAVIMETRIC    METHODS    FOR   THE   DETERMINATION 

OF  ALUMINUM 

There  are  two  general  procedures  for  the  gravunetric  determination  of 
aluminum.  A.  Direct  determination,  when  it  is  possible  to  precipitate  the 
hydroxide  or  phosphate  of  the  element,  free  from  impurities.  B,  Indirect  deter- 
mination when  the  element  is  precipitated  and  weighed  along  with  iron,  the 
latter  then  determined  by  titration  and  aluminum  estimated  by  difference. 

Determination    by  Hydrolysis  of  an  Aluminum  Salt  with  Am- 
monium Hydroxide 

Principle.  The  method  depends  upon  the  hydrolysis  of  a  soluble  salt  of  alumi- 
num by  neutralizing  the  free  and  combined  acid  with  ammonia.  This  hydrolysis 
takes  place  in  presence  of  the  small  amoimt  of  free  acid  that  results  by  dis- 
sociation of  ammonium  chloride,  NH4CH-H20=NH40H+HC1,  which  is 
sufficient  to  prevent  precipitation  of  magnesium.  The  direct  determination 
of  aluminum  by  this  procedure  excludes  the  presence  of  elements  undergoing 
hydrolysis  with  similar  conditions.  Iron,  chromium,  titanium,  zirconium,  thal- 
lium, cerium  interfere.    In  their  presence  a  separation  must  be  made. 

Mteactioiu    AICI3+3NH4OH  =A1(0H),+3NH4C1. 

If  phosphoric  acid  is  present  in  the  solution  aluminum  will  be  precipitated 
as  the  phosphate,  AIPO4. 

Procedure.  To  the  solution,  containing .  aluminum,  free  from  phosphoric 
acid  and  the  elements  precipitated  by  ammonium  hydroxide,  are  added  10  cc. 
of  ammonium  chloride  (10%)  and  5  cc.  of  concentrated  nitric  acid.  The 
solution  is  diluted  to  about  150  cc.  and  heated  to  boiling.  Upon  cooling  slightly, 
carbonate-free  anmionium  hydroxide  is  added  slowly  from  a  burette  until  a 
slight  permanent  precipitate  forms,  and  then  drop  by  drop  imtil  the  solution 
reacts  alkaUne  to  litmus  paper  and  the  odor  of  anunonia  is  faintly  perceptible. 
The  precipitate  is  allowed  to  settle  on  the  water  bath  for  a  few  minutes,  then 
filtered  hot  and  washed  first  several  times  by  decantation  and  finally  on  the 
filter  with  a  hot  solution  of  ammonium  nitrate.  (Twenty  cc.  strong  nitric 
acid  diluted  and  neutralized  with  ammonium  hydroxide  and  made  to  1000  cc.) 

The  precipitate  is  purified,  if  other  members  of  the  ammonium  sulphide 
group  and  following  groups  are  present,  as  the  gelatinous  precipitate  is  apt  to 
occlude  some  of  these.  This  is  accomplished  by  dissolving  the  precipitate  in 
a  small  amount  of  hot,  dilute  hydrochloric  acid,  1:1,  the  solution  being  caught 
in  the  beaker  in  which  the  first  precipitation  was  made.  The  precipitation  of 
the  hydroxide  is  repeated  exactly  as  is  stated  above.  The  precipitate,  washed 
free  of  chlorides  (AgNOa  test),  is  drained  of  water  and  placed  together  with 
the  filter  paper  in  a  platinum  crucible. 

The  ignition  of  the  precipitate  is  conducted  slowly  at  first  until  the  paper 
18  thoroughly  charred,  the  heat  is  now  increased  to  the  full  power  of  the  Meker 
blast,  the  crucible  being  covered  to  prevent  mechanical  loss.  Blasting  for 
thirty  minutes  is  generaUy  sufficient  to  dehydrate  the  oxide,  AUOi.  It  is  advis- 
able, however,  to  repeat  the  heating  until  the  weight  becomes  constant.  The 
residue  is  weighed  as  AUOi. 

A1,0,  X  0.5303  =A1. 
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Notes.  Ammonia  should  be  free  from  carbonates.  Upon  long  standing  with 
frequent  exposure  to  air  the  ammonia  takes  up  CDs,  forming  carbonate  of  ammonia. 
Freshly  distilled  ammonia  will  be  pure,  the  carbonate  being  precipitated  by  addition 
of  lime  in  the  distilling  flask.  Ammonia  is  best  kept  in  a  cercsine  or  paraffine 
bottle.  It  will  then  remain  free  from  silica,  which  it  invariably  contains  when  con- 
fined in  glass  bottles.  • 

Long  heating  of  the  mixture  containing  the  aluminum  precipitate  is  objectionable. 

1.  The  solution  is  apt  to  become  acid  owing  to  the  decomposition  of  ammonium 
salts  and  the  volatilization  of  ammonia. 

2.  The  precipitate  will  become  slimy  and  will  be  difficult  to  wash  and  filter. 
It  is  preferable  to  redissolve  and  again  ]irccipitate  if  this  condition  occurs. 

3.  The  COi  of  the  air  is  apt  to  be  absorbed  by  the  solution,  causing  the  precip- 
itation of  calcium  carbonate,  etc.,  should  the  solution  be  exposed  for  any  length 
of  time. 

4.  Silica  from  the  beaker  will  contaminate  the  precipitate. 

Hence  it  is  advisable  to  filter  as  soon  as  possible  after  making  the  precipitation 
of  AUOH),. 

5.  and  S.  No.  589,  black  band  filter  paper  filters  well  and  may  be  used  to  ad- 
vantage with  precipitates  of  the  nature  of  aluminum  hydroxide.  B.  and  A.  No.  B. 
filter  is  also  good. 

Washing  the  precipitate  with  ammonium  nitrate  prevents  the  aluminum  from 
passing  through  the  filter  and  keejjs  it  from  packing.  It  favors  the  formation  of 
the  insoluble  hydrogol  form  of  the  hydrate  while  preventing  the  formation  of  the 
soluble  hydrosol.     Ammonium  chloride  may  be  used  m  place  of  nitrate.^ 

Alummum  hydroxide  is  soluble  in  acids  and  alkalies.  The  ignited  oxide, 
AljC'^s,  is  insoluble  in  acetic  acid  but  is  soluble  in  mineral  acids  and  the  fixed  alkalies, 
It  is  rendered  very  difficultly  soluble  in  acids  by  strong  ignition,  generally  requiring 
fusion  with  sodium  carbonate  or  ]x>tassium  bisulphate  with  subsequent  acid  treat- 
ment to  effect  solution. 

AUOj.  m.w.,  102.2;  sp.gr.,  3.73  to  3.99;  m.p.,  2020^  C. 

A  yellow  or  reddish  precipitate  inaicates  the  presence  of  iron,  an  element 
frequently  present  with  aluminum.  Should  this  be  the  case,  iron  must  be  deter 
mined,  either  in  a  separate  portion  of  the  sample,  or  in  the  residue  obtained  bjr  tin 
procedure  outlined.  The  amount  of  FejOj  is  subtracted  from  the  total  residue 
and  AUOi  obtained  by  difference. 

If  phosphoric  acid  is  present  the  phosphate  of  alumina  will  precipitate  togethei 
with  the  phosphates  of  elements  insohiole  in  alkaline  solutions.  Should  phosphoni 
acid  be  present  either  its  removal  is  essential,  or  the  phosphate  method  for  alumini 
should  be  followed. 

Fluorides  hinder  the  precipitation  of  aluminum.*  Evaporation  to  drj'ness  anc 
heating  the  residue  to  redness  will  transform  fluorides  to  oxides  and  overcome  thi 
difficulty. 

Sulphates  tends  to  hold  u()  aluminum  from  precipitation  and  a  certain  amount  o 
sulphuric  acid  is  occluded  by  the  aluminum  hydroxide  precipitate.  Magnesium  i 
more  apt  to  precipitate  with  alumina  in  presence  of  sulphates.*  Ammonium  chlorid 
greatly  lessens  this  difficulty. 

Traces  of  alumina  ma\'  be  recovered  from  the  filtrate  by  evaporation  to  dryness 
ignition  and  resolution  with  HCl.     The  Al(()H)3  is  now  precipitated  with  NH4OH. 

Since  alumina  absorbs  moisture  from  the  air,  the  crucible  containing  this  compoum 
should  be  kept  covered  in  a  desiccator '  until  weighed.  Ignited  alumina  is  strongl; 
hygroscopic. 

iW.  Hlum,  Jour.  Am.  Chem.  Soc,  38,  7,  1282,  191G.  C.  V.  Sidener  and  Earl  Petti 
John,  .Jour.  Ind.  Eng.  Chem.,  8,  8,  714,  Aug.,  1916. 

2  E.  P.  Vcitch,  .Jour.  Am.  Chom.  Soc,  22,  240,  1900.  W.  11.  Bloor,  ibid.,  29,  1605 
1907.     L.  P.  Curtmau  and  H.  Dubin,  ibid.,  34,  1485,  1912. 

»  L.  F.  J.  Wrinkle,  C.N.,  22,  4,  1870. 
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Determination  of  Aluminum  by  Hydrolysis,  Neutralizing  the 
Mineral  Acid  by  Addition  of  a  Salt  of  a  Weak  Acid. 
Sodium  Thiosulphate  Method  ^ 

If  a  salt  of  a  weak  acid  and  strong  base  is  added  to  a  neutral  or  slightly  acid 
solution  of  an  aluminum  salt  containing  a  mineral  acid,  transposition  takes 
place  and  aluminum  is  hydrolyzed. 

Reaction.  2AlCl,+3NaaS20,  =  6NaCl  -f  AUfSaO,), 

and  Al,(S,0,)s+3H,0  =2Al(OH),+3SO,+3S. 

Procedure.  If  the  solution  is  acid,  dilute  ammonia  is  added  until  a  pre- 
cipitate forms  that  dissolves  with  difficulty,  but  not  enough  ammonium  hydroxide 
to  cause  a  permanent  precipitation.  The  solution  is  diluted  so  that  it  con- 
tuns  about  O.l  g.  Al  per  200  cc,  then  an  excess  of  sodium  thiosulphate  is  added, 
and  the  solution  is  boiled  free  of  SOj.  A1(0H)»  precipitates  along  with  free 
sulphur.  If  iron  is  absent  it  is  advisable  to  add  a  few  drops  of  ammonium 
hydroxide  until  the  solution  has  a  slight  odor  of  ammonia.  The  mixture  again 
boiled  is  filtered  and  the  residue  of  A1(0H)8  and  sulphur  washed  with  hot  water 
contiuning  ammonium  chloride  or  nitrate.  The  precipitate  is  dried,  separated 
from  the  filter,  the  latter  ignited  and  the  ash  added  to  the  main  precipitate. 
Alumina  is  now  determined  by  blasting  to  constant  weight,  the  residue  being 
weighed  as  AUOs. 

Notes.  The  above  method  may  be  employed  for  separation  of  aluminum  from 
iron,  the  addition  of  ammonia,  following  the  neutralization  of  the  mineral  acid  by 
thiosulphate  being  omitted.  The  precipitation  of  Al(()H)8  by  this  procedure  gives 
a  more  dense  and  better  filtering  precipitate  than  does  ammonia  alone. 

Note.  G.  Wynkoop  and  E.  Schirm  *  use  sodiimi  nitrite  as  the  salt  of  a  weak  acid 
for  neutralizing  the  mineral  acid. 

Reaction.     2A1CUH-6HOH  =  2Al(OH),-f-6HCl    and 

6HCH-6NaNO,  =6NaCl+3HaO-h3NO+3NO,. 

Precipitation   of  Aluminum  as  a  Phosphate 

Principle.  This  procedure,  developed  by  Camot,»  is  of  special  value  in 
determination  of  aluminum  in  iron  and  steel.  It  is  founded  on  the  reaction  that 
aluminum  is  precipitated  as  the  neutral  phosphate,  from  a  boiling  solution  faintly 
acid  with  acetic  acid.  Iron,  reduced  to  the  ferrous  condition  by  addition  of 
sodium  hN^posulphite,  does  not  interfere. 

Procedure.  A  sample  of  10  grams  of  iron  or  steel,  in  a  platinum  dish,  covered 
with  a  piece  of  platinum  foil,  is  dissolved  by  addition  of  hydrochloric  acid. 
The  solution  is  diluted  to  about  100  cc.  and  filtered  into  a  flask,  the  residue  of 
carbon,  silica,  etc.,  is  washed  thoroughly  and  the  filtrate  is  neutralized  by 
addition  of  ammonium  hydroxide  and  ammonium  carbonate;  no  permanent 
precipitate  should  form.    A  little  sodium  hyposulphite  is  added,  and  when 

»  Method  by  Chancel,  Compt.  rend.,  46,  987.     Z.  anal.  Chem.,  3,  391. 

«  J.  Am.  Ch.  Soc,  19,  434  (1897). 

•  A.  Camot,  Moniteur  Scientifique,  1891,  p.  14. 
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the  liquid,  at  first  violet,  becomes  colorless,  2  or  3  cc.  of  a  saturated  solu- 
tion of  sodium  phosphate  and  5  or  6  grams  of  sodium  acetate,  dissolved  in  a 
little  water,  are  added.  The  solution  is  boiled  until  free  of  sulphurous  acid  odor 
(about  three-quarters  of  an  hour).  The  solution  is  filtered  off  from  the  pre- 
cipitated aluminum  phosphate  (mixed  with  a  little  silica  and  ferric  phosphate) 
and  washed  with  boiling  water.  The  precipitate  on  the  filter  is  treated  with  hot 
dilute  hydrochloric  acid  the  filtrate  caught  in  a  platinum  dish,  and  then  evap- 
orated to, dryness  and  heated  at  110°  C.  for  an  hour  to  dehydrate  silica.  The 
residue  is  taken  up  with  dilute  hydrochloric  acid  and  the  solution  filtered  free 
of  silica.  Upon  dilution  to  about  100  cc.  with  cold  water,  the  solution  is  neu- 
tralized as  before,  a  little  hyposulphite  is  added  to  the  cold  solution  and  then 
a  mixture  of  2  grams  of  sodium  hyposulphite  and  2  grams  of  sodium  acetate. 
The  material  is  boiled  for  half  an  hour  or  more,  filtered  and  the  aluminum  phos- 
phate residue  washed  with  hot  water,  then  dried,  ignited  and  weighed  as  aluminum 
phosphate.    The  residue  contains  22.19%  Al. 

AIPO4XO.2219  =  Al.    AIPO4XO.4I85  =  AUG,. 

Note.  Properties  of  AIPO4,  jh.w.,  122.14;  «/?..(7r.,  2.59;  infiisiblo,  insoluble,  in  IM 
and  in  HC2Hs()2,  soluble  in  mineral  acids  and  in  alkalies;  white,  amorphous  salt. 

Precipitation  of  Aluminum  as  Aluminum  Chloride^ 

Principle.  Gooch  and  Havens  found  that  aluminum  chloride  is  practically 
insoluble  in  a  mixture  of  concentrated  hydrochloric  acid  and  ether  saturated  wit! 
HCl  gas,  5  parts  of  AlCU.OHaO  ecjuivalcnt  to  1  part  of  AlsOj  dissolving  in  1 25,00( 
parts  of  the  mixture.  The  method  serves  for  a  separation  of  aluminum  fron 
iron,  berillium,  zinc,  copper,  mercury  and  bismuth,  the  chlorides  of  these  ele 
ments  being  soluble  under  the  above  conditions.  Barium,  however,  is  prccipi 
tated  as  a  chloride  with  aluminum,  if  it  is  present  in  the  solution. 

Procedure.  To  the  concentrated  ac^ueous  solution  of  aluminum  is  addei 
a  convenient  volume  of  strong  hydrochloric  acid  (15  to  25  cc.)  and  an  equa 
volume  of  ether.  The  mixture  is  best  placed  in  a  large  platinum  crucible 
which  is  kept  cool  in  running  water.  HCl  gas  is  passed  into  the  solution  t 
saturation.  The  precipitated  chloride  of  aluminum  is  filtered  upon  asbesto 
in  a  weighed  Gooch  crucible  and  then  washed  with  a  mbcture  of  ether  and  watc 
1:1,  saturated  with  HCl  gas.  The  precipitate  is  dried  for  half  an  hour  at  150 
C,  then  covered  with  a  IsLver  of  C.P.  mercuric  oxide  (1  gram)  and  heated  at  firs 
gently  over  a  low  fianui  (hood)  and  then  blasted  to  constant  weight.  Tb 
residue  is  weighed  as  AlaOj. 

Notes.  IICl  gas  is  generated  by  dropping  strong  sulphuric  acid  into  concei 
trated  hydrochloric  acid  according  to  the  procedure  described  under  the  determine 
tion  of  arsenic  l)y  volatilization  as  arsenious  chloride.  The  gas  may  be  produce 
in  a  Kipp  generator  by  the  action  of  concentrated  sulphuric  acid  on  ammoniui 
chloride. 

The  filtrate  from  aluminum  contains  iron,  berillium,  copper,  zinc,  etc.,  if  the 
are  present  in  the  original  solution.  If  much  iron  is  present  it  is  necessary  to  incrcai 
the  amount  of  ether  to  prevent  precipitation  of  the  ferric  salt. 

*F.  A.  Gooch  and  F.  S.  Havens,  Am.  Jour.  Sci.  (4),  11,  416. 
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VOLUMETRIC    METHODS    FOR    THE    DETERMINATION    OF 

ALUMINUM 

Volumetric  Determination  of  Combined  Alumina  in  Aluminum 

Sulphate  and  Aluminum  Salts 

Introductioii.  Aluminum  salts  dissociate  in  hot  solutions  and  react  acid  to 
phenolphthalein  indicator;  the  acid  readily  combines  with  fixed  alkalies,  forming 
the  neutral  alkali  salt.  The  end  point  of  the  reaction  is  indicated  by  the  pink 
color  produced  upon  phenolphthalein  by  the  excess  of  alkali.  From  the  amount 
of  caustic  required  the  percentage  of  combined  AljO»  may  be  calculated.  The 
following  reaction  takes  place: 

Al,(S04)i+6NaOH  =  2Al(OH),+3Na,S04. 

Procedure.  The  factor  weight,^  3.4067  grams,  is  dissolved  in  a  4-in.  casserole 
with  100  cc.  of  distilled  water,  1  cc.  of  phenolphthalein  indicator  added,  and 
the  sample  titrated  boiling  hot  *  with  N/2  NaOH,  added  from  a  chamber  burette, 
graduated  from  50  to  100  cc.  in  tenths  of  a  cc.^  The  solution  is  kept  boiling 
during  the  titration  and  is  constantly  stirred.  Towards  the  end  of  the  reaction 
the  alkali  is  added  cautiously  drop  by  drop  until  a  permanent  pink  color  is 
obtained. 

Cc.  of  NaOH  required  divided  by  4  =per  cent  combined  AUOi.* 

Combined  AUOs+free  AUOa  =  total  AUOj. 

Notes.  If  iron  is  present  a  correction  must  be  made  for  it  after  determining  the 
ferrous  and  ferric  forms  as  given  below. 

The  amount  of  phenolphthalein  indicator  used  should  be  the  same  in  each  dctcr- 
mioation.  An  excess  of  indicator  causes  low  results.  It  ha.s  been  noted  in  case  of 
alums  where  iron  does  not  interfere  that  best  results  are  obtained  with  three  or  four 
drops  of  phenolphthalein  solution.  Iron  tends  to  mask  the  end  point,  hence  a  larger 
amount  of  indicator  is  necessary  if  this  is  present. 

Correction  for  Iron  if  Present.  Since  iron  salts  will  also  dissociate  and 
titrate  with  alumimmi  salts,  by  this  method  a  correction  has  to  be  made  for  iron 
if  present.    Total  AljO»  in  presence  of  iron  = 

combined  AUO,-(FeOX.47+FeaO,X.64)-fbasic  AUO,+an  additive  factor. 

The  additive  factor  is  obtained  by  subtracting 

(Combined  AUO,+basic  AUG,)  -(FeOX.47-f  Fea03X.64)  volumetric, 

from  total  AlsOi  obtained  by  gravimetric  analysis  of  an  average  sample. 


*  Large  samples  must  be  taken  for  salts  containing  less  than  13  per  cent  AUOs  if 
the  chamber  burette  is  to  be  used.    E.g.,  potash  alum  twice  this  amount  is  advisable. 

« Otto  Schmatolla,  Berichte,  xxxviii,  No.  4.    C.  X.,  91-2375-236  (1905). 

*  If  free  acid  is  present  (see  next  method),  the  equivalent  volume  in  terms  of  J  N 
acid  must  be  deducted  from  the  total  titration  for  combined  alumina  before  divi(&ng 
by  4. 


12  ALUMINUM 

Ferrous  Iron,  Ferric  Iron,  and  Total  Iron.  A  five-gram  sample  is  dia- 
solved  in  water  and  the  iron  oxidiased  with  a  few  drops  of  strong  potassium 
permanganate  solution;  the  solution  should  be  pink;  the  excess  of  permanganate 
is  destroyed  by  a  drop  or  so  of  normal  OTcalic  acid  solution  and  the  total  iron 
determined  by  stannous  chloride  solution  method  for  iron.  On  a  sepamte 
sample  ferric  iron  is  determined.  Ten  grams  of  the  sample  are  dissolved  in  an 
Erlenmeyer  flask  by  boiling  with  hydrochloric  acid,  2  : 1,  in  an  atmosphere  of 
COi  to  prevent  oxidation,  and  the  iron  titrated  with  standard  stannous  chloride. 
The  difference  between  total  iron  as  FciOj  and  ferric  oxide  =  ferrous  iron  in  tenni 
of  FcaOi.    This  multiplied  by  .9  =  FeO. 

Combined  Sulphuric  Acid 

Provided  no  free  acid  is  present,  the  per  cent  combined  sulphuric  acid  in 
aluminum  sulphate  is  obtained  by  multiplying  the  cc.  caustic  titration  for  total 
alumina  by  0.72. 

In  case  free  acid  is  present,  the  per  cent  free  acid  deducted  from  total  acid 
found  by  titration  gives  combined  acid. 

Sulphuric  acid  combined  with  the  fixed  alkalies  is  not  titrated. 

Determination  of  Free  Alumina  or  Free  Acid  by  the  Potassium 

Fluoride  Method 

Introduction.  The  method  suggested  by  T.  J.  I.  Craig  (J.  S.  C.  I.  SO, 
185),  has  been  modified  by  the  author,*  after  a  personal  investigation  of  the 
details  involved.  In  this  modified  form  it  has  been  used  successfully  as  a  rapid 
works  method.  Frequent  gravimetric  checks  on  a  large  number  of  determi- 
nations have  shown  it  to  be  accurate. 

The  procedure  is  based  upon  the  fact  that  an  excess  of  neutral  potassium 
fluoride  decomposes  aluminum  salts,  forming  two  stable  compoimds,  which  react 
neutral  to  phenolphthalein,  while  the  free  acid  remains  unaltered,  the  fol- 
lowing reaction  taking  place: 

Ala(S04),-f  12KF-f  xH,S04  =  2AlF,3KF+3K,S04+xH,S04. 

The  precipitate  AlFjSKF  is  insoluble  in  an  excess  of  the  potassium  fluoride 
reagent  and  is  not  appreciably  attacked  by  acids  or  alkalies.  Althou|^ 
theoretically  about  7  parts  by  weight  of  potassium  fluoride  is  sufficient  to  com- 
bine with  1  part  of  aluminum  sulphate,  in  practice  it  is  advisable  to  use  twicjB 
this  amount. 

Reagents  Required.  Half  Normal  solutions  of  sulphuric  acid  and  potasaium 
hydroxide,     (sodium  hydroxide  may  be  used.) 

Phenolphthalein  indicator,  0.1%  alcoholic  solution. 

Potassium  fluoride  solution;  made  by  dissolving  1000  grams  of  potassium  fluoridfl 
in  about  1200  cc.  of  hot,  C()2-free  water,  then  neutralizing  the  solution  with  hydro- 
fluoric acid  or  potassium  hydroxide  as  the  reagent  may  require,  using  5  cc.  of  phenol- 
phthalein as  indicator.  Dilute  sulphuric  acid  may  be  used  in  place  of  hydrofluoric 
acid  in  the  final  acid  adjustment  to  get  a  neutral  product.  One  cc.  of  the  soluUoi 
in  10  cc.  of  COj-free  water  should  appear  a  faint  pmk.  The  concentrated  mix  if 
filtered  if  necessary  and  then  diluted  to  2000  cc.  with  COi-free  water.  The  gravit) 
will  now  be  approximately  1.32  or  about  '6b''  B6.  One  cc.  contains  0.5  g.  potassiun 
fluoride. 

»  W.  W.  Scott. 
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Method  of  Procedure 

Solids.  3.4067  g.  of  the  finely  ground  sample,  or  an  equivalent  amount  in 
solution  (100  cc.  of  sample  containing  34.067  g.  per  liter),  are  taken  for  analysis 
The  powder  b  dissolved  by  boiling  with  100  cc.  of  distilled  water  in  a4-in« 
casserole  with  clock  glass  cover.  To  the  hot  solution  10  cc.  of  N/2  HiSOiare  added- 
and  after  cooling  to  room  temperature,  20°  C,  18  to  20  cc.  of  the  potassium 
fluoride  reagent  are  added  and  0.5  cc.  of  phenolphthalein.  The  solution  is  now 
titrated  with  N/2  KOH,  added  drop  by  drop  until  a  delicate  pink  color,  per- 
nsting  for  one  minute,  is  obtained.  This  titration  shows  whether  the  product 
is  basic  or  acid. 

Basic  Alutniruu  Thi^  is  indicated  when  the  alkali  back-titration  is  less 
than  the  amount  of  acid  added.    Free  AUOs  =  (cc.  H2SO4 — cc.  KOH)  -5-4. 

Free  Acid,  In  case  the  back-titration  of  the  alkali  is  greater  than  the  cc.  of 
acid  added,  free  acid  is  present.    Free  acid  =  (cc.  KOH  -cc.  H2SO4)  X0.72. 

Liquors.  In  works  control  it  is  necessary  to  test  the  concentrated  liquors 
to  ascertain  whether  these  are  basic  or  acidic.  The  B6.  or  sp.gr.  of  the  solu- 
tion having  been  taken,  5  cc.  is  diluted  to  100  cc.  with  distilled,  COr-free  water. 
If  HsS  is  present,  it  is  expelled  by  boiling  the  solution,  which  should  be  acid,  10 
cc.  of  N/2  HjSOi  is  added,  the  solution  cooled,  and  KF  and  phenolphthalein 
added  and  the  titration  made  as  in  case  of  solids. 

If  basic  (cc.  H^S04-cc.  KOH)  X (.0245 X. 3473X100) -J- (5 Xsp.gr.)  ^Al^O,. 

If  acid  (cc.  KOH — cc.  H2SO4X2.45)  •^  wt.  of  sample  =per  cent  free  acid  (H2SO4). 

If  neutral,  the  back  titration  of  the  alkali  is  the  same  as  the  cc.  acid 
added. 

Notes.  COr-free  water  must  always  be  used  when  phenolphthalein  indicator  is 
necessary-  This  may  be  obtained  b^  boiling  distilled  water  for  several  minutes  to 
expel  CO|.     This  reagent  is  very  sensitive  to  carbonic  acid. 

If  the  sample  does  not  dissolve  clear,  a  prolonged  digestion  with  previous  addi- 
tion of  the  required  amount  of  standard  acid,  10  cc,  is  advisable.  This  is  best 
accomplished  in  an  Earlnmeyer  flask  with  a  return  condenser. 

Darkening  of  the  solution  during  the  back  titration  with  the  alkali,  indicates  that 
an  insufficient  amount  of  fluoride  has  been  added.  If  this  is  the  case  it  will  be  necessary 
to  make  a  fresh  determination. 

The  fluoride  method  has  the  following;  advantages.  Determinations  may  be  made 
by  gas  or  electric  light.  The  end  point  is  easily  detected .  No  neutral  standard  is  nec- 
essary as  in  case  of  the  tint  method. 

Anmionium  salts,  if  present,  must  be  expelled  by  boiling  the  sample  with  an  excess 
of  standard  KOH  and  this  excess  determined. 

3.4067 =2.45225  X.3473X4  (i.e.  gms.  HtS04per  100  cc.  N/2  acid  multiplied  by  4  times 
factor  to  equivalent  AljOi).  Derived  directly  from  mol.  wt.  of  AI2OJ  =»  (.1022X100X4) 
-5- (6X2).    0.72  =  2.8792-^4  (i.e.  factor  AW,  to  HtS04-f  4). 

The  main  details  of  the  above  volumetric  proccKiures  were  worked  out  at  the  Laurel 
Hill  Laboratory,  General  Chemical  Company,  and  are  published  by  courtesy  of  this 
company. 

The  author  is  indebted  to  Mr.  W.  S.  Allen  for  his  criticism  and  valuable  suggestions 
in  the  volumetric  procedures  for  determining  alumina.} 
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Detection  and  Colorimetric  Estimation  of  Minute  Amounts  (rf 
Aluminum  with  Alizarin  S. — Atack*s  Method  ^ 

The  reagent  used  is  a  0.1%  filtered  solution  of  conuncrcial  alizarin  S,  the 
sodium  salt  of  alizarin    monosulphonic   acid  (yellow  with  acids,  purple  with 

alkalies). 

Test  To  5  cc.  of  the  neutral  or  acid  solution  under  examination  is  added 
1  CO.  of  the  reagent,  and  then  ammonia  until  the  solution  is  alkaline,  as  shown 
bv  the  purple  color.  The  solution  is  boiled  for  a  few  moments,  allowed  to 
cool,  and  then  acidified  with  dilute  acetic  acid,  when  red  coloration  or  jire- 
cipitate  remaining  is  conclusive  evid(Mice  of  the  presence  of  alumhium.  The 
red  calcium,  strontium,  barium,  zinc  and  magnesium  salts,  and  salts  of  other 
metals  later  than  Oroup  II  are  readily  solul>le  in  cold  dilute  acetic  acid,  and  do 
not  intcrefere  ^\^th  the  col()ratir)n. 

Phosphates  or  chromium  do  not  interfere  and  comparatively  large  amounts 
of  iron  may  be  present  (0.(K)3  milligram  Al  in  presence  of  1  milligram  ferric  iron. 
10  milligrams  chromium  Siilt).  In  i>ri?si»nce  of  great<?r  (juantities  of  iron  citric 
acid  is  added  to  k<»ep  this  in  solution. 

Delicacy  of  the  Test  One  part  of  aluminum  may  be  detected  in  10  million 
parts  of  water. 

Quantitative  Estimation,  Colorimetric 

Procedure.  TIkj  original  solution  (5  to  20  cc.)  is  acidified  with  hydro- 
chloric or  sulphuric  acid.  Ten  cc.  of  glycerin  and  o  cc.  of  a  Kr  solution  of 
alizarin  S  are  added,  the  solution  made  up  to  about  40  cc.  with  wat<T  (in  pres- 
ence of  much  iron  or  chromium  citric  acid  is  lulded  to  form  the  doulde  citrates) 
and  then  rendered  slightly  anmioniacal.  After  standing  for  f\\(i  minutes,  the 
cold  solution  is  acidified  with  dilute  acetic^  acid,  the  alizarin  S  acting  as  indicator 
(red  coloration)  until  no  further  change  in  the  coloration  occurs.  The  liquid 
is  then  made  up  to  50  cc.  and  conipan'd  with  a  standard.  Suit^ible  amounts 
of  aluminum  for  estimati(m  are  0.(X)5  to  0.05  milligrauLs,  the  S4)lution  under 
examination  being  suitably  diluted  if  necessary-. 

BAUXITE  ANALYSIS  ^ 

CharacteriBtio  bauxites H^O            SiO,  Ie,(),  A1,0|  TiOa 

Aricanaas 6.4%  1.43%  87.3%  3.99% 

Goonda 36%  9-15  1-14  42-62  1.8-2.5 

iJ^niMSBee 27.6  18.4  4.1  49.9 

5  The  bauxite  received  in  cars  is  sampled  during   the  unloadiuf 

IT  ^e  standard  procedure  for  ores.     If  the  sample  Is  a    coniposiU 

'  the  total  weights  are  taken  and  mixed,  e.g.,  suppose  throe  cap 
ctively  23,000,  32,500,  and  26,340  pounds,    then  the  aliquot 

K,Jour.Soc.Chcni.Ind.;  34,936(1915);  ('.  A.9;23;  31S6  (1915). 
the  only  ore  of  aluminum  of  coinniorcial  importance.     Puro  alumina 
jO  valuable  for  commercial  use.     (^lay,  the  nio.st  abundant  of  alumina 
Aces,  may  eventually  be  useil  as  a  .source  for  aluminum,  but,  by  th 
ids  of  extraction,  the  alumina  from  clay  is  not  conunercially  available. 
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would  be  23,  32.5  and  26.34  pounds,  which  mixed,  would  make  a  representa- 
tive sample  of  the  shipment.  The  ore  is  broken  down,  quartered,  ground  down 
and  again  quartered.  The  moisture  is  determined  on  1000  grams,  dried  in 
the  oven  at  100°  C.  for  one  hour,  the  sample  being  spread  out  on  a  sheet  of 
manilla  papier.    The  dried  sample  is  placed  in  a  large  bottle  for  analysis. 

Procedure  for  Evaluation  of  the  Ore.  A  method  for  obtaining  in  solution 
the  available  alumina  and  soluble  constituents  of  bauxite  has  been  given  under 
Preparation  and  Solution  of  the  Sample. 

Insoluble  Residue.  The  residue  on  the  filter  paper  is  ignited  in  a  plat- 
inum dish  over  a  low  flame  until  the  paper  chars,  and  then  over  a  good  Meker 
blast  for  15  to  20  minutes. 

Weight  of  the  residue  X  20  =per  cent  insoluble  residue. 

Soluble  Alumina.  100  cc.  of  the  above  solution  (0.5  g.)  is  diluted  with  an 
equal  volume  of  water,  10  cc.  of  hydrochloric  and  2  cc.  of  nitric  acids  added 
and  the  solution  boiled.  Iron  and  alumina  arc  now  precipitated  and  deter- 
mined in  the  usual  way. 

Soluble  Iron.  200  cc.  of  the  solution  (1.0  g.),  is  oxidized  by  adding  a 
few  crystals  of  potassium  chlorate  and  the  solution  taken  to  dryness.  The 
residue  is  taken  up  with  10  to  15  cc.  of  concentrated  hydrochloric  acid  and  again 
evaporated  to  dryness  to  expel  chlorine.  Then  taken  up  with  25  cc.  hydro- 
chloric acid  and  the  iron  determined  by  titration.  The  stannous  chloride  method 
is  used  for  samples  containing  less  than  5%  iron  and  the  dichromate  method 
for  ores  containing  over  5%. 

Determination  of  Total  Silica,  Titanium  Oxide,  Ferric  Oxide  and  Alumina 

The  method  by  the  Aluminum  Company  of  America  is  to  digest  1  gram  of 
the  dried  bauxite  in  90  cc.  of  an  acid  mixture  containing  12  parts  of  dilute  sul- 
phuric acid,  1  :  3,  together  with  6  parts  of  strong  hydrochloric  acid  and  2  parts 
of  nitric  by  volume,  to  this  are  added  10  cc.  of  concentrated  sulphuric  ^cid. 
The  mixture  is  heated  until  sulphuric  acid  fumes  are  evolved,  then  diluted  with 
water  and  filtered. 

Silica.  The  residue  is  ignited  and  the  ash  fused  with  potassium  bisulphate. 
The  cooled  fusion  is  taken  up  with  5  cc.  sulphuric  acid  and  20  cc.  of  water  and 
dilated  until  only  a  white  residue  remains.  This  filtered  off,  washed  and 
ignited  =SiOt. 

Titanium  Oxide.  This  is  best  •determined  colorometrically  on  a  0.1  gram 
sample  according  to  the  procedure  outlined  in  the  chapter  on  Titanium. 

Iron  and  Alumina.  These  are  determined  by  the  usual  procedure; — oxida- 
tion with  potassium  chlorate,  precipitation  with  ammonium  hydroxide  and 
ignition.  Iron  may  be  determined  in  a  separate  sample  (100  cc.  =0.5  g.) 
by  titration.  AljOj=  difference  between  weighed  oxides  and  FcaOj,  after  sub- 
tracting TiOj  if  present. 
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DETERMINATION  OF  ALUMINUM   IN   IRON  AND  STEEL  * 

The  method  is  especially  adapted  for  determination  of  aluminum  in  iron  and 
steel,  but  may  be  extended  to  iron  ores  and  materials  high  in  iron. 

Procedure.  Solution.  Ten  grams  of  iron  or  steel  are  dissolved  by  adding 
about  50  CO.  of  hot  hydrochloric  acid,  1:1,  preferably  in  a  platinum  dish,  covered 
with  a  platinum  foil. 

Precipitatioii.  When  the  solution  of  iron  is  complete,  it  is  diluted  to 
about  100  cc.  and  filtered  free  of  carbon,  silica,  etc.  Two  grams  of  sodiiun  phos- 
phate are  added  and  the  solution  neutralized  with  ammonium  hydroxide  or 
carbonate,  then  cleared  by  hydrochloric  acid  with  about  1  cc.  excess.  Twenty 
cc.  of  acetic  acid  are  now  added  and  the  solution  diluted  to  300  to  400  cc.  with 
hot  water  and,  on  boiling,  10  grams  of  sodium  thiosulphate  added.  The  solu- 
tion is  boiled  free  of  sulphurous  acid,  (no  odor  of  SOs)  about  20  to  30  minutes 
being  necessary.  The  phosphate  is  filtered  off  and  washed  with  hot  water.  It 
is  again  dissolved  in  a  little  hydrochloric  acid  and  aluminimi  reprecipitated  by 
neutralizing  with  ammonium  hydroxide  and  adding  about  1  gram  of  sodium 
phosphate  together  with  10  grams  of  sodiimi  thiosulphate,  following  the  above 
procedure.    The  precipitate  will  now  be  free  of  iron. 

Ignition  and  Calculation.  The  precipitate  and  filter  are  ignited  wet, 
first  over  a  low  flame,  then  gradually  increasing  the  heat  to  full  blast  of  a 
Meker  burner.    The  residue  contains  22.19%  Al  or  4L85%  of  Al,0». 

Factor  AIPO4  to  Al  =  .2219. 

Factor  AIPO4  to  Al20,  =  .4185. 

Notes.  Interfering  substances.  Copper  may  be  removed  by  HjS.  Other  mem- 
bers of  this  group  will  also  be  eliminated. 

Manganese  and  nickel  are  eliminated  together  with  small  amounts  of  iron  at  the 
second  precipitation. 

Titanium  may  be  estimation  colorimetricAlly  or  separated  from  alumina. 

Vanadium,  if  present,  may  l>e  separated  according  to  directions  given  in  the  chapter 
on  Vanadium. 

Chromium  is  eliminated  by  fusion  of  the  mixed  phosphates  with  NajCOs,  extrac- 
tion with  water,  and  precipitation  of  aluminum  phosphate  by  adding  ammonium 
acetate  and  sodium  phosphate.     Chromium  remains  in  solution. 

ANALYSIS  OF   METALLIC  ALUMINUM^ 

Determination  of  Silicon 

Acid  Mixture:    400  cc.  cone,  nitric  acid.     1200  cc.  cone,  hydrochloric  acid. 

600  cc.  cone,  sulphuric  acid.     1800  cc.  water. 

Fusion   Method 

Dissolve  1  gram  of  well  mixed  drillings  in  35  cc.  of  acid  mixture  using  t 
4J-inch  porcelain  dish  with  a  5-inch  cover  glass.  When  the  drillings  are  com 
pletely  dissolved,  evaporate  the  solution  not  only  to  fuming  but  to  complet 

*  Arnold  and  Ibbotson,  "Steel  Works  Materials."  Stillman,  ^'Engineering  Chem 
istry."  "A  Rapid  Method  for  the  Determination  of  Ahiminum  in  Iron  and  Steel, 
C.  N.,  61,  311^  "On  the  Determination  of  Minute  Quantities  of  Al  in  Iron  an 
Steel,"  J.  E.  Stead,  J.  S.  C.  I.,  1889,  956. 

*  Standard  Method  of  Analysis  of  the  Aluminum  Company  of  America.  B 
courtesy  of  Mr.  K.  Blough,  Chief  Chemist. 


ALUMINUM  17 

dryness,  and  bake.  This  insures  the  freedom  of  the  solution  from  hydrochloric 
and  nitric  acids,  and  the  complete  dehydration  of  the  silica.  TaJce  up  the 
residue  with  10  cc.  25  per  cent  sulphuric  acid  and  about  100  cc.  of  water;  boil 
to  complete  solution  of  the  sulphate,  filter,  wash  well  and  ignite.  Fuse  the 
residue  with  eight  to  ten  times  its  weight  of  sodium  carbonate  and  take  up  the 
fused  mass  in  a  porcelain  dish  with  sulphuric  acid  (1  :  1).  Evaporate  the 
resulting  solution  until  copious  fumes  are  evolved,  which  wiU  cause  the  separa- 
tion of  the  silica;  dilute  carefully,  boil,  filter,  wash  well  and  ignite  in  a  platinum 
crucible  and  weigh.  Treat  the  ash  with  hydrofluoric  acid  and  a  few  drops  of 
sulphuric  acid;  carefully  ignite  and  weigh.  The  difference  in  the  two  weights 
obtained  above  represents  the  silicon  as  silica. 

Calculate  the  silica  to  silicon  by  the  factor  0.4693. 

Graphitic  Silicon  * 

Aluminum,  sometimes  if  not  always,  contains  some  silicon  in  the  graphitic 
state;  this  graphitic  silicon  does  not  oxidize  to  SiOs  on  ignition  and  is  not 
volatile  with  HF,  which  two  characteristics  distinguish  it  from  amorphous  silicon. 

To  determine  graphitic  silicon  the  mixture  of  Si  and  SiOs  obtained  as  in  the 
solution  method  is  treated  in  a  weighed  platinum  crucible  with  2-3  drops  of 
HiSO*  and  2-3  cc.  HF. 

The  brown  residue  of  Si  remaining  is  strongly  ignited  and  weighed;  the 
silicon  remaining  is  that  which  was  in  the  metal  in  the  graphitic  state. 

Determination  of  Iron 

Permanganate  Method 

Ck)oI  the  filtrate  obtained  from  solution  of  the  sample  in  acid  mixture 
(see  page  16)  and  reduce  the  iron  present  by  passing  the  solution  through  a  Jones 
reductor.  Titrate  inmiediately  with  a  solution  of  potassium  permanganate  of 
such  strength  that  1  cc.  equals  0.0010  gram  iron. 

In  all  cases  the  precautions  given  for  use  of  the  Jones  reductor  should  be 
observed,  and  explicit  directions  given  in  the  chapter  on  Iron,  carefully  followed. 
A  blank  determination  is  made  by  carrying  out  a  regular  iron  determination 
with  the  metal  sample  omitted.  The  amount  of  potassium  permanganate  re- 
quired to  give  the  blank  a  distinct  color  is  subtracted  from  the  amount  re- 
quired to  give  the  same  color  to  each  reduced  solution. 

The  author  acknowledges  his  indebtedness  to  Mr.  W.  S.  Allen,  Mr.  J,  P.  Kelly  and 
Dr.  F.  E.  Hale  for  review  and  criticism  of  the  subject. 
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Wilfred  W.  Scott 
Slhat.wt.  120.2;    8p.gr,  6.62';    m.p.  630^C*;  b.p.  1440''O;    oxides,  SlhOt, 

DETECTION 

Hydrogen  Sulphide  precipitates  the  orange-colored  sulphide  of  antimony 
from  fairly  strong  hydrochloric  acid  solutions  (1  :  4)  in  which  several  mem- 
bers of  the  group  remain  dissolved.  Arsenic  is  also  precipitated.  The  latter 
may  be  removed  by  boiling  the  solution  containing  the  trichloride,  AsCh  being 
volatile. 

If  antimony  is  already  present  as  a  sulphide,  together  with  other  elements 
of  the  hydrogen  sulphide  group,  it  may  be  dissolved  out  by  treating  the 
precipitate  with  sodium  hydroxide,  potassium  hydroxide,  sodium  sulphide, 
ammonium  polysulphide  in  solution.  Antimony  sulphide  is  reprecipitated 
uix)n  acidifying  fhe  filtrate.  Arsenic  and  tin  will  also  be  precipitated  with 
antimony  if  they  are  present  in  the  original  precipitate.  Should  a  separation 
be  necessary,  the  precipitate  is  dissolved  with  hot  concentrated  hydrochloric 
acid,  with  the  addition  of  crystals  of  potassium  chlorate,  from  time  to  time, 
until  the  sulphides  dissolve.  The  solution  is  placed  in  a  Marsh  apparatus,  pure 
zinc  added  and  the  evolved  gases  passed  into  a  neutral  solution  of  silver  nitrate. 
The  black  precipitate  of  silver  antimonide  and  metallic  silver  are  filtered  off, 
washed  free  of  arsenous  acid,  and  the  antimonide  dissolved  in  strong  hydro- 
chloric acid  (silver  remains  insoluble).  The  orange-colored  antimony  sulphide 
may  now  be  precipitated  by  diluting  the  solution  with  water  and  passing  in 
H2S  gas  to  saturation. 

Minerals  which  contain  antimony,  when  heated  alone  or  with  3  to  4  parts 
of  fusion  mixture  (KaCOj  and  NajCOa),  on  charcoal,  yield  dense  white  fumes, 
a  portion  of  the  oxide  remaining  as  a  white  incrustation  on  the  charcoal.  A 
drop  of  ammonium  sulphide  placed  upon  this  sublimate  gives  a  deep  orange  stain. 

Hydrolysis.  Most  of  the  inorganic  antimony  salts  are  decomposed  by 
water,  forming  insoluble  basic  salts,  which  in  turn  break  down  to  the  oxide  of 
antimony  and  free  acid.    An  excess  of  tartaric  acid  prevents  this  precipitation. 

Traces  of  Antimony.  Nascent  hydrogen  liberated  by  the  action  of  zinc 
and  hydrochloric  or  sulphuric  acid  reacts  upon  antimony  compounds  with  the 
formation  of  stibine.  This  gas  produces  a  black  stain  on  mercuric  chloride  or 
silver  nitrate  paper.  Details  of  the  procedure  are  given  under  the  quantita- 
tive method  for  determining  minute  amounts  of  antimonj\ 

Distinction  between  Antimonous  and  Antimonic  Salts. 

Chromatea  form  with  antimonous  salts  green  clu'omic  salts  and  antimonic  salts. 

Potassium  Iodide  reduces  antimonic  salts,  free  iodine  being  liberated. 

*  Van  Nostrand's  Chem.  Annual,  Olson,  3d  Ed. 

*  Cir.  35,  U.  S.  Bureau  of  Standards. 
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ESTIMATION 

The  determination  of  antimony  is  required  in  the  evaluation  of  antimony 
ores — stibnite,  SbjSi;  valentinite,  SbaOs,  etc.  It  is  generally  required  in  the 
complete  analysis  of  minerals  of  nickel,  lead,  copper,  silver,  in  which  antimony 
generally  occurs  as  a  sulphide.  The  determination  is  required  in  the  analysis 
of  Britannia  metal,  bearing  and  antifriction  metals,  type  metal  and  hard  lead; 
in  the  analysis  of  certain  mordants,  antimony  salts,  vulcanized  rubber,  etc.  It 
is  looked  for  as  an  undesirable  impurity  in  certain  food  products. 

Preparation  and  Solution  of  the  Sample 

In  dissolving  the  substance  containing  antimony  it  must  be  remembered 
that  metallic  antimony  is  practically  insoluble  in  cold  dilute  hydrochloric,  nitric 
or  sulphuric  acid  and  the  oxides,  SbjOs  or  SbiOs,  are  precipitated  in  strong  nitric 
acid.  The  element,  however,  is  readily  soluble  in  hydrochloric  acid  contain- 
ing an  oxidizing  agent,  such  as  nitric  acid,  potassium  chlorate,  chlorine,  bromine, 
etc.  The  oxides  of  antimony  are  soluble  in  hydrochloric  acid  and  the  caustic 
alkalies. 

Solution  of  Sulphide  Ores,  Low-grade  Oxides,  etc.^ 

0.5  to  1  gram  of  the  finely  ground  ore,  placed  in  a  Kjeldahl  flask,  is 
mixed  with  5  to  7  grams  of  ammonium  sulphate,  1  gram  of  potassium  sul- 
phate, and  10  cc.  of  strong  sulphuric  acid.  About  0.5  gram  of  tartaric  acid, 
or  a  piece  of  filter  paper,  is  added  to  reduce  arsenic  and  antimony  and  the  mixture 
heated,  gradually  at  first,  and  then  with  the  full  Bunsen  flame.  The  heatinp 
is  continued  until  the  carbon  is  completely  oxidized  and  most  of  the  free  acid 
driven  off,  leaving  a  clean  fusion  from  which  ammonium  sulphate  is  volatilizing. 
The  melt  is  now  cooled  over  the  bottom  and  sides  of  the  flask  by  gently  rotating 
during  the  cooling. 

About  50  cc.  of  dilute  hydrochloric  acid  (1  :  1)  are  added  and  the  melt  dis- 
solved by  wanning  gently.  The  contents  of  the  Kjeldahl  flask  are  transferred 
to  an  Erlenmeyer  flask,  the  Kjeldahl  being  rinsed  out  with  25  cc.  of  strong 
hydrochloric  acid.  Arsenic  sulphide  may  now  be  precipitated  with  H2S  from 
the  strongly  acid  solution,  whereas  antimony,  etc.,  remain  in  solution.  The 
sulphide  is  filtered  off  through  a  double  filter,  that  has  been  moistened  with 
hydrochloric  acid  (2:1),  a  platinum  cone  supporting  the  filter  to  prevent  its 
breaking.  The  flask  is  rinsed  out  with  hydrochloric  acid  (2  :  1).  The  pre- 
cipitate is  washed  at  least  six  times  with  the  acid.  Antimony  passes  into  the 
fUtrate  together  with  other  elements  of  the  ore. 

The  filtrate  is  diluted  with  double  its  voliune  of  warm  water  and  then  is 
saturated  with  hydrogen  sulphide.  Antimony  sulphide,  together  with  other 
elements  of  the  Hydrogen  Sulphide  Group,  will  precipitate.  These  are  washed 
.ift-ith  hydrogen  sulphide  water.  Antimony  sulphide  may  now  be  dissolved  by 
addition  of  sodium  sulphide  and  caustic  solution  (separation  from  Cu,  Pb,  Cd, 
Bi,  etc.)  (5  to  10  cc.  of  a  mix  of  60  grams  NaaS  ^ith  40  grams  of  NaOH 
diluted  to  1000  cc). 

*  Method  of  A.  H.  Low  modified. 
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The  solution  containing  the  antimony  is  treated  with  about  2  grams  of 
potassium  sulphate  and  10  cc.  of  strong  sulphuric  acid  and  heated  as  befon^ 
to  destroy  liberated  sulphur  and  expel  most  of  the  free  acid.  The  melt  is  dis- 
solved in  hydrochloric  acid,  and  the  antimony  titrated  according  to  one  of  the 
volumetric  procedures  given  under  "Volumetric  Methods." 

Note.  An  insoluble  residue  remaining  from  the  acid  extraction  of  the  first  mdfc 
may  be  dissolved  by  fusion  with  sodium  hvaroxide  and  extraction  of  the  melt  with  hot 
water.  If  a  precipitate  forms  when  this  alkaline  solution  is  acidified  with  hydroddom 
acid,  the  presence  of  barium  sulphate  is  indicated. 

Decomposition  of  the  Ores  by  Fusion  with  Sodium  Hydroxide. 

Oxides.  0.5  to  1  gram  of  the  powdered  ore  is  mixed  with  about  10 
grams  of  sodium  hydroxide  and  placed  in  a  thin-wallcd  iron  crucible  of  60  ce. 
capacity.  It  is  advisable  to  fuse  a  portion  of  the  alkah  hydroxide  in  the  cru- 
cible with  a  pinch  of  potassium  nitrate  and  then  add  the  ore  mixed  with  the 
remainder  of  the  sodium  hydroxide.  The  covered  crucible  is  heated  until  the 
fusion  becomes  homogeneous.  The  melt  is  poured  out  on  a  large  nickel  crucibk 
cover  or  shallow  dish.  On  cooling,  the  cake  is  detached  and  placed  in  a  cas- 
serole containing  water,  any  adhering  cake  on  the  cover,  or  melt  remaining  in 
the  iron  crucible,  being  dissolved  with  dilute  hydrochloric  acid  and  added  to 
the  sample  in  the  casserole.  About  30  to  40  cc.  of  strong  hydrochloric  acid  an 
now  added  and  the  mixture  heated  (casserole  covered)  until  the  melt  has  dis- 
solved. Two  to  3  grams  of  tartaric  acid  having  been  added  to  keep  anti- 
mony dissolved,  the  solution  is  diluted  to  about  300  cc,  and  antimony  is  tbeo 
precipitated  as  the  sulphide  with  hydrogen  sulphide.  The  treatment  of  the 
precipitate  at  this  stage  has  been  given  in  the  ** Solution  of  Sulphide  Ores." 

Sulphides.  Howard  and  Harrison  ^  recommend  the  following  procedure 
for  fusion  of  sulphide  ores  with  caustic:  0.5  gram  of  the  powdered  ore  is  fuaec 
.with  a  mixture  of  8  grams  of  sodium  carbonate  and  sodium  peroxide,  1  : 1 
in  a  nickel  crucible.  The  cooled  melt  is  dissolved  with  sufficient  hydrochlorv 
acid  to  neutralize  the  alkali  and  about  15  cc.  of  strong  acid  added  in  excea 
The  solution  is  diluted  to  250  cc,  antimony  being  kept  in  solution  by  additioi 
of  potassium  chlorate.  An  aliquot  portion  of  the  solution  is  t-aken,  antimoB( 
reduced  by  metabisulphite  and  titrated  with  iodine. 

Treatment  of  Speisses,  Slags,  Mattes,  etc.'  0.5  to  2  grams  of  tli 
sample  is  treated  with  10  to  15  cc  of  strong  nitric  acid  and  the  mixture  take 
to  drjmoss.  Fifteen  cc  of  strong  hydrochloric  acid  are  added  and  the  siimpl 
traasf erred  to  a  350-cc  flask,  additional  hydrochloric  acid  being  used  to  waf 
out  the  beaker.  Arsenic  is  precipitated  from  the  strong  acid  solution  as  tl 
sulphide,  and  antimony  determined  in  the  filtrate. 

Solution  of  Alloys.  Alloys  are  generally  decomposed  by  treatment  wi< 
mixtures  of  hydrochloric  acid  together  with  an  oxidizing  agent — nitric  aci 
potassium  chlorate,  bromine,  etc.  The  subject  is  taken  up  in  detail  in  the  chapt 
on  alloys. 

The  alloy  drillings  are  treated  with  strong  hydrochloric  acid,  a  little  hr 
mine  added,  and  the  mixture  heated  until  the  alloy  dissolves,  additional  bromi 
being  added  from  time  to  time  if  necessary.  The  excess  bromine  is  remov 
by  heating  gently  to  boiling.    The  higher  oxides  are  reduced  by  addition 

»  Phar.  Jour.,  1909,  83,  147. 
*  H.  E.  Hooper's  method. 
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sodium  metabisulphite  and  the  sulphides  precipitated,  as  usual,  with  hydrogen 

sulphide.     Arsenic  may  now  be  volatilised  by  boiling,  and  antimony  titrated 

irith  iodine  or  pK>ta88ium  bromate. 

Alloys  of  Antimony,  Lead  and  Tin.    0.5  to  1  gram  of  the  finely  divided 

alloy  is  wanned  with  100  cc.  of  strong  hydrochloric  acid  until  the  action  sub- 
sides. Solid  iodine  is  now  added,  in  small  quantities  at  a  time,  until  the  alloy 
completely  dissolves.  The  excess  of  iodine  is  now  removed  by  boiling  and  the 
small  amount  of  free  iodine  remaining  neutralized  with  a  few  drops  of  a  weak 
solution  of  sodium  thiosulphate.  Although  tin  is  oxidized  to  the  higher  state, 
antimony  is  not  oxidized  by  iodine  in  acid  solution  beyond  the  trivalent  form. 
The  solution  may  now  be  titrated  with  standard  iodine  in  presence  of  an  excess 
of  sodium  bicarbonate  according  to  the  procedure  given  under  the  volumetric 
methods. 

Hard  Lead.  The  method  of  solution  and  titration  are  given  under  '' Potas- 
sium Bromate  Method  for  Determining  Antimony.^' 

Antimony  in  Rubber  Goods.*  Three  grams  of  the  finely  rasped  rubber 
are  treated  in  a  Kjeldahl  flask  with  40  to  45  cc.  of  strong  sulphuric  acid.  A 
small  quantity  of  mercury  or  mercury  salt  is  added,  together  with  a  small  piece 
of  paraffine  wax.  The  mixture  is  heated  until  ohe  rubber  is  dissolved  and  the 
black  liquid  begins  to  clear.  Two  to  4  grams  of  potassium  sulphate  are  then 
added  and  the  heating  continued  until  a  colorless  or  pale  yellow  licjuid  is  obtained. 
After  cooling,  1  to  2  grams  of  potassium  metabisulphite  are  added  and  an  excess 
of  tartaric  acid.  The  liquid  is  diluted  sufficiently  to  prevent  the  charring  of 
the  tartaric  acid  and  boiled  until  the  odor  of  sulphurous  acid  has  disappeared. 
A  few  cc.  of  dilute  hydrochloric  acid  are  added,  the  liquid  diluted  to  200  cc, 
filtered  through  a  dry  filter,  and  195  cc.  titrated  either  with  i(xiine  or  with 
potassium  bromate  (the  latter  in  acid  solution),  as  described  under  the  volu- 
metric procedures. 

SEPARATIONS 

Separation  of  Antimony  (together  with  Members  of  the  Hydrogen  Sul- 
phide Group),  from  Iron,  Chromium,  Aluminum,  Cobalt,  Nickel,  Manganese, 
Zinc,  the  Alkaline  Earths,  and  Alkalies.  The  acid  solution  of  the  elements 
in  saturated  with  hydroj^n  sulphide,  the  elements  of  the  Hydrogen  Sulphide 
Group  are  precipitated  as  sulphides,  the  other  elements  remaining  in  solution. 
Antimony  milphide  may  be  precipitated  from  an  hydrochloric  acid  solution  con- 
taining 15  cc.  of  strong  acid  per  100  cc.  of  solution;  lead  and  cadmium  are 
incompletely  precipitated. 

Separation  of  Antimony  (together  with  Arsenic  and  Tin),  from  Mer- 
coiy.  Copper,  Bismuth,  Cadmium  and  Lead.  The  sulphides  of  antimony, 
arsenic,  and  tin  are  soluble  in  a  mixture  of  sodium  hydroxide  and  sodium  sul- 
phide, the  soluble  sulpho  salts  being  formed,  mercury,  copper,  bismuth,  cadmium, 
and  lead  remaining  as  insoluble  sulphides.  The  following  procedure  may  be 
a^e*!  for  alloys  free  from  members  of  other  groups.  The  acid  solution  is  treated 
with  3  to  5  grams  of  tartaric  acid  and  diluted  slightly  (more  tartaric  acid  bring 
added  if  the  solution  becomes  turbid),  then  poured  into  300  cc.  of  a  mixture  of 
>4xlium  sulphide  and  sodium  hydroxide  (150  cc.  of  the  mix  described  under 

^  W.  Schmiti,  Chem.  ZentralbL,  1911,  ii,  1710.    Analyst,  1912,  p.  64. 


22  ANTIMONY 


UCi 


Solution  of  Sulphide  Ores"  diluted  to  300  cc).  The  mixture  is  wanned  and 
the  insoluble  sulphides  allowed  to  settle  out.  The  solution  is  filtered  free  of 
the  precipitate  and  the  latter  washed.  The  filtrate  is  acidified  with  hydro- 
chloric or  sulphuric  acid  and  saturated  with  hydrogen  sulphide.  The  8^2^ 
phides  of  arsenic,  antimony  and  tin  are  now  filtered  off  and  treated  as  described 
later. 

Separation  of  Arsenic,  Antimony,  and  Tin.  The  sulphides  may  be  dis- 
solved in  concentrated  hydrochloric  acid  by  addition  of  potassium  chlorate  to 
oxidize  the  sulphur  to  sulphuric  acid.  This  oxidation  may  be  effected  in  the 
alkaline  solution  of  the  sulpho  salts  by  addition  of  30%  hydrogen  peroxide 
in  small  iK)rtion8  until  the  yellow  solution  is  completely  decolorized  and  then 
1  to  2  cc.  in  excess,  the  solution  then  boiled  to  completely  oxidize  the  sul- 
phides to  sulphates  and  to  remove  the  excess  of  peroxide.  The  solution  is 
then  acidified,  the  precipitation  of  the  sulphides  and  the  subsequent  filtration 
and  resolution  being  avoided. 

Removal  of  Arsenic.  This  may  be  accomplished  by  volatilizing  arsenic  as 
arsenic  trichloride  in  a  strong  hydrochloric  solution  by  boiling.  If  arsenic  is 
to  be  determined  the  procedure  given  under  the  chapter  on  arsenic  is  followed, 
the  arsenic  being  distilled  in  a  current  of  hydrochloric  acid  gas.  If  arsenic 
is  not  desired  it  may  be  expelled  by  reducing  the  solution  with  sodium  meta- 
bisulphite  or  potassium  iodide  and  boiling.  Antimony  and  tin  remain  in  the 
concentrated  acid  solution. 

The  separation  of  arsenic  from  antimony  and  tin  may  be  effected  by  removal 
of  the  former  in  a  strong  hydrochloric  acid  solution  as  described  imder  the  section 
**  Preparation  and  Solution  of  the  Sample,"  arsenic  being  precipitated  by  hydrogen 
sulphide,  whereas  antimony  and  tin  remain  in  solution. 

Separation  of  Antimony  from  Tin.  Upon  the  removal  of  arsenic,  anti- 
mony may  be  determined  directly  in  the  presence  of  tin  by  one  of  the  volu- 
metric methods  given  later.  If  a  gravimetric  separation  is  desired,  it  may 
1)6  made  according  to  Clark's  method  (C.  N.,  Vol.  21,  p.  124),  which  depends 
upon  the  fact  that  antimony  is  completely  precipitated  from  a  solution  con- 
taining oxalic  acid,  by  hydrogen  sulphide,  whereas  tin  is  not.  The  tin  must 
be  in  the  stannic  form,  otherwise  the  insoluble  crj-stalline  stannous  oxalate 
will  form. 

If  the  mixture  is  acid,  it  is  neutralized  A^-ith  caustic  and  twenty  times  the 
weight  of  the  Sn  and  Sb  present  added  in  excess,  e.g.,  2  grams  potassium 
hydroxide  in  excels  for  every  0.1  gram  of  tin  and  antimony  present  in  the  solu- 
tion. About  t(Mi  times  as  much  of  tartaric  acid  is  now  added  as  the  maximum 
weight  of  the  two  niotals.  followed  by  30^^  hydrogen  peroxide  to  oxidize  the 
thi.  The  excess  of  |K^n>xide  is  removed  by  boiling.  To  the  slightly  cooled 
solution  a  hot  solution  of  \mrv  oxalic  acid  is  added,  5  grams  of  oxalic  acid  for 
each  0.1  gram  of  the  mixed  elements.  C'Oo-fOs  are  evolved.  The  solution 
is  boileil  for  about  ten  minutes  anil  the  volmne  made  up  to  about  100  cc. 
IIydn>gen  suli>hi(lo  is  rapidly  i)assod  into  the  boiling  solution  until  a  changp 
fnmi  a  white  turbidity  io  an  orange  color  takes  i>lace  and  antimony  begins 
to  prtHMi)itato.  The  passiige  of  the  g:xs  is  continued  for  fifteen  minutes,  the 
solution  diluted  with  liot  water  to  a  volume  of  2v50  cc.  and  hydrogen  sulphide 
passed  into  the  boiling  solution  for  another  fifteen  minutes.  The  flame  is  now 
remov(Hl  and  the  H^'^  "gassing"  oontinueil  for  ten  minutes  longer.  The  pre- 
cipitated antimony  pentasulphide  is  filtered  off  in  a  weighed  Gooeh  crucible. 
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It  may  be  determined  gravimetrically  as  Sb^s,  according  to  the  procedure 
given  later,  by  washing  with  1%  oxalic  acid  and  dilute  acetic  acid,  by  decan- 
tation,  the  solutions  being  hot  and  saturated  with  hydrogen  sulphide.  The 
precipitate  washed  into  the  crucible  is  dried  in  a  current  of  COi  at  a  heat  of 
280  to  300**  and  weighed  as  SbjS,. 

Tin  may  be  determined  elect rolytically  in  the  filtrate  evaporated  to  about 
150  cc,  the  oxalic  acid  being  nearly  neutralized  with  ammonia.  See  Electro- 
lytic Determination  of  Tin. 

Antimony  may  be  separated  from  tin  in  a  hot  hydrochloric  acid  solution 
by  addition  of  pure  iron.  The  iron  and  tin  sulphides  are  dissolved  in  concentrated 
hydrochloric  acid  plus  a  few  crystals  of  potassium  chlorate.  The  solution 
should  contain  about  10%  hydrochloric  acid,  more  hydrochloric  acid  being  added 
as  the  iron  dissolves.    Antimony  is  precipitated  as  a  metal. 


GRAVIMETRIC  METHODS  FOR  THE  DETERMINATION  OF 

ANTIMONY 

The  accuracy  and  rapidity  of  volumetric  methods  for  the  determination 
of  antimony  leave  little  to  be  desired  in  the  estimation  of  this  element,  so  that 
the  more  tedious  gravimetric  methods  are  less  frequently  used.  The  following 
procedures  are  given  in  view  of  possible  utility  in  certain  analyses. 

Determination  of  Antimony  as  the  Trisulphide,  Sb2S3  ^ 

Although  hydrogen  sulphide  passed  into  a  cold  solution  tends  to  precip- 
itate SbsSfc,  in  hot  strongly  acid  solutions,  the  lower  sulphide,  ShStj  tends  to 
form.  The  higher  sulphide  is  decomposed  at  230°  C.  with  formation  of  SbjSj 
and  the  volatilization  of  sulphur.  A  temperature*  of  280  to  300°  is  even  more 
favorable  for  this  transformation.  The  method  takes  advantage  of  these  con- 
ditions for  formation  of  antimony  trisulphide,  in  which  form  it  is  weighed. 

Procedure.  The  solution  of  antimony,  free  from  arsenic,  is  treated  in  an 
Erlenmeyer  flask  with  strong  hydrochloric  acid  until  the  solution  contains  about 
20^  of  the  concentrated  acid.  The  mixture  is  heated  to  boiling  and  a  slow 
current  of  hydrogen  sulphide  is  passed  into  the  hot  solution  until  the  precipitate 
passes  from  a  yellow  color  through  an  orange  and  finally  becomes  a  dark  red 
to  black  color.  The  flask  is  agitated  gently  to  coagulate  the  precipitate,  which 
settles  in  a  crystalline  form.  The  solution  is  diluted  with  an  equal  volume  of 
water,  washing  down  the  walls  of  the  flask.  A  slight  turbidity  is  generally 
seen,  due  to  precipitation  of  a  small  amount  of  antimony  that  remains  in  solu- 
tion in  a  strong  acid  solution.  HzS  is  now  passed  into  the  diluted  solution 
until  it  becomes  clear,  thirty-five  to  forty  minutes  are  usually  sufficient  to  pre- 
cipitate all  of  the  antimony.  The  precipitate  is  transferred  to  a  weighed  Gooch 
crucible,  washed  with  small  portions  of  water  containing  hydrogen  sulphide, 
and  finally  with  pure  water. 

It  is  a  common  practice,  at  this  juncture,  to  wash  the  precipitate  with  car- 
bon disulphide  or  carbon  tetrachloride  to  remove  precipitated  sulphur.  Alcohol 
is  now  used,  followed  by  ether,  and  the  precipitate  sucked  dry. 

^  Method  of  Vortmann  and  Metzel  modified. 
«Paul,  Z.  anal.  Chem.  31,  540  (1892). 
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The  Gooch  crucible  is  placed  in  a  large  combustion  tube  and  heated  in  a 
current  of  dry,  pure  COj  at  130°  C.  for  an  hour.  The  temperature  is  now 
raised  to  280  to  300°  C.  and  the  heating  continued  for  two  hours.  The  residue 
will  consist  of  pure  81)283. 

Sb2S,X0.7142  =Sb,  or  Sb^SaXO.SSGS  ^Sb^O,. 

Notes.  Antimony  may  be  determined  by  oxidation  of  the  sulphide  precipitate 
by  means  of  famine  nitric  acid.  The  mixture  evaporated  to  dryness  is  ignited  and 
the  residue  weighed  as  Sb204.  The  temperature  of  the  ignition  should  be  between 
750  to  800**  C.  The  volatile  trioxide  forms  at  a  little  above  950**.  The  procedure 
requires  greater  care  than  the  sul[)hide  method  and  possesses  no  advantages. 

Pure  carbon  dioxide  may  be  obtained  from  Umestone  placed  in  a  KipP  generator. 
The  gas  is  dried  by  passing  it  through  strong  sulphuric  acid.  It  should  oe  free  from 
oxygen  of  the  air.  It  is  advisable  to  sweep  out  the  air  from  the  generator  before 
attaching  it  to  the  combustion  train.  The  air  in  the  tube  is  swept  out  with  carbon 
dioxide  before  heating  the  sample. 

Property  of  SbjSj,  yn.iv.j  336.61;  sp.gr. ^  4.65;  fusible  and  volatile;  solubility, 
0.000175  gram  per  100  cc.  HjO;  decomposed  by  hot  HjO;  soluble  in  alkalies,  NH4US, 
KjS,  cone.  HCl. 

Electrolytic  Determination  of  Antimony  ^ 

The  chief  condition  for  the  success  of  the  electrolytic  deposition  of  antimony 
in  metallic  form  is  the  absence  of  polysulphides,  since  these  substances  prevent 
the  element  from  being  deposited,  2Sb+3Na2S2=2NajSbS8.  The  formation 
of  polysulphides  may  be  prevented  during  electrolysis  by  addition  of  potassium 
cyanide  to  the  solution,*  NtwSs+KCN  ^NajS-fKCNS. 

The  results  of  this  method,  according  to  F.  Henz,»  are  invariably  1.5  to 
2%  too  high  of  the  total  antimony  present  in  the  solution.  Tread  well  and 
Hall  recommend  subtraction  of  a  constant  factor  of  1.6%  of  the  weight  of  the 
antimony  deposited.  The  sample  for  analysis  should  contain  not  over  0.2  gram 
antimony. 

Procedure.  Antimony  precipitated  as  the  sulphide  is  washed  and  then 
dissolved  off  the  filter  by  pouring  pure  sodium  sulphide  solution  (sp.gr.  1.14) 
over  the  precii)itate,  the  solution  being  caught  in  a  weighed  platinum  dish, 
with  unpolished  inner  surface.  The  total  volume  of  the  solution  should  be 
not  over  80  cc.  (if  less  than  this,  additional  NaaS  solution  is  added  to  make 
up  to  80  cc).  Sixty  cc.  of  water  followed  by  2  to  3  grams  of  potassium  cyanide 
(C.P.)  are  added  and  the  cyanide  dissolved  by  stirring  with  the  rotating  anode. 
The  solution  heated  to  60  to  70°  is  electrolj'zed  with  a  current  of  1  to  1 .5  amperes, 
E.M.F.  =2  to  3  volts.  Two  hours  are  generally  sufficient  to  deposit  all  the 
antimony.  The  light-gray  deposit  adheres  finnly  upon  the  cathode.  With- 
out breaking  the  current  the  solution  is  siphoned  off,  while  fresh  water  ifl 
being  added,  until  the  current  ceases  to  flow  through  the  liquid.  The  cathode 
is  washed  thoroughly  with  water,  followed  by  alcohol  and  ether  and  then  dried 
at  about  80°,  cooled  in  a  desicc^ator  and  weighed. 

The  antimony  dei)()sits  may  be  removed  by  heating  with  a  solution  of  alkali 

1  Method  first  proposed  by  Parrodi  and  Mascazziui,  Z.  anal.  Chem.,  18,  587 
(1879),  modified  bv  Luckow,  Z.  anal,  (^hem.,  19,  13  (1880),  and  later  improved 
by  Cla.ssen  and  Reks,  Berichte,  14,  1(>20  (1881);  17,  2474  (1884);  18,  408  (1885); 
27,  2074  (1894).  ^Treadwell  and  Hall,  Analytical  Chemistry.  >Z.  anorg.  Chem., 
37,  31  (1903). 
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poh^ulphide  or  by  a  mixture  of  equal  parts  of  saturated  solution  of  tartaric 
acid  and  nitric  acid. 

VOLUMETRIC  METHODS 

Potassium  Bromate  Method  for  Determining  Antimony  ^ 

Oudine.  This  method  is  of  special  value  in  determining  antimony  in  hard 
lead  and  alloys.  It  was  first  suggested  by  Gyory  and  later  modified  by  Siedler, 
Nissensen  and  Rowell.'  The  process  is  based  upon  the  oxidation  of  antimony 
from  the  trivalent  to  the  pentavalent  form  by  potassium  bromate,  the  follow- 
ing reaction  taking  place: 

KBrO,+3SbCU+6HCl  =3SbCU+KBr+3H,0. 

Standard  Solutions. 

Antimony  Chloride  Solution,  Six  grams  of  the  C.  P.  pulverized  metal  are 
dissolved  in  500  cc.  of  concentrated  hydrochloric  acid  together  with  100  cc. 
saturated  bromine  solution,  more  acid  and  bromine  added  if  necessary  to  effect 
solution.  After  expelling  the  bromine  by  boiling,  about  200  cc.  concentrated 
hydrochloric  acid  are  added  and  the  whole  made  up  to  one  liter.  Fifty  cc. 
=0.3  gram  antimony. 

N,10  Potassium  Bromate  Solution,  2.82  grams  of  C.  P.  salt  are  dissolved 
in  water  and  made  up  to  1  liter.  Theoretically  2.7852  grams  are  required,  but 
the  salt  invariably  contains  potassium  bromide  as  an  impurity.  The  solution 
is  standardized  against  50  cc.  of  the  antimony  chloride  solution,  which  has 
been  reduced  with  sodium  sulphite  according  to  the  standard  scheme.  One 
cc.  of  N/10  KBrO,  =0.006  gram  Sb. 

Antimony  in  Solder  Metal  and  Alloys  with  Tin  and  Lead  ^ 

Procedure.  Dissolve  2  grams  of  the  sample  of  alloy  in  concentrated  hy- 
drochloric acid.  When  the  metal  is  all  in  solution,  add  crystals  of  iodine  until 
the  solution  is  thoroughly  permeated.  The  color  at  this  point  should  be  a 
deep  purple.  Boil  until  all  of  the  iodine  fumes  have  been  driven  out.  The 
metallic  antimony  which  did  not  go  into  solution  in  the  hydrocliloric  acid  should 
now  be  all  dissolved.  If  it  is  not,  add  more  iodine  until  the  solution  is  com- 
plete. When  all  is  in  solution  and  the  color  has  changed  to  a  straw,  cool,  add 
a  few  cc.  of  starch  solution.  If  a  blue  color  appears,  due  to  an  excess  of  iodine, 
run  in  N/10  sodium  thiosulphate  solution  until  colorless.  In  case  there  is  no 
blue  color  developed,  add  N/10  iodine  until  a  faint  blue  appears.  Now  add 
50  cc.  of  a  saturated  solution  of  Rochellc  salts.  Make  alkaline  to  litmus  by 
adding  25%  sodium  hydrate  solution.  Then  make  slightly  acid  with  HCl 
and  finally  alkaline  with  sodium  bicarbonate.  Cool  and  titrate  with  N/10 
iodine. 

Note.  "  The  method  gives  very  ^ood  results.  I  have  checked  it  up  when  there 
was  one-tenth  of  a  gram  known  antimony  present  and  the  results  were  within  a 
reasonable  limit  of  accuracy."  ^ 

»  8.  GyCry,  Zeit.  Anal.  Chem.,  82,  415  (1893).  J.  B.  Duncan,  Chem.  News,  £5, 
49  (1907). 

«  H.  W.  RoweU,  Jour.  8oc.  Chem.  Ind.,  XXV,  1181. 
*  Method  communicated  to  author  by^Mr,  B,  §,  Qlftrk. 
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Methyl  Orange,  0.1  gram  M.  O.  per  100  cc.  of  distilled  water.  The  indi- 
cator should  he  free  from  sediment. 

Saturated  Bromine  Solution.  500  cc.  concentrated  hydrochloric  acid  satu- 
rated with  70  cc.  of  bromine. 

Procedure.  Solution.  One  gram  of  the  finely  divided  alloy  is  brushed 
into  a  500-cc.  beaker,  100  cc.  of  concentrated  hydrochloric  acid  and  20  cc.  of 
saturated  bromine  solution  are  added.  The  beaker  is  covered  and  placed  on 
the  steam  bath  until  the  metal  dissolves.  It  may  be  necessary  to  add  more 
bromine  and  acid  to  effect  complete  solution.  In  case  the  oxides  of  antimony 
and  tin  separate  out  and  do  not  redissolve,  fusion  with  sodium  hydroxide  may 
be  necessary.  Bromine  is  now  expelled  by  boiling  the  solution  down  to  about 
40  cc. 

Reduction.  One  hundred  cc.  of  concentrated  hydrochloric  acid  and  10  cc. 
of  a  fresh  saturated  solution  of  NaaSOa  are  added  and  the  solution  boiled  down 
to  40  cc,  on  a  sand  bath,  to  expel  arsenic  and  the  excess  of  normal  sodium  sul- 
l)hite.     Samples  high  in  arsenic  may  recjuire  a  repetition  of  the  reiiuction. 

Titration.  The  cover  and  sides  of  the  beaker  are  rinsed  down  with  20  cc. 
of  hydrochloric  acid  (sp.gr.  1.2)  followed  by  a  few  cc.  of  hot  water  and  the 
solution  heated  to  boiling  on  a  sand  bath.  The  standard  bromate  solution 
is  now  run  into  the  hot  solution  of  antimony  to  within  2  to  3  cc.  of  the  end- 
point,  this  liaving  been  determined  in  a  preliminary  run  with  methyl  orange 
added  in  the  l)eginning,  4  drops  of  methyl  orange  are  added  and  the  titration 
completed  cautiously  until  the  color  of  the  indicator  is  destroyed.  If  iron 
or  copper  is  present  the  final  product  will  appear  yellow.  Since  the  end-reaction 
i^  slow  the  last  portion  of  the  reagent  should  be  added  drop  by  drop  with  con- 
stant stirring. 

1  cc.  N/10  KBrOa  =0.006  gram  Sb. 

Notes.  Since  antimony  chloride  begins  to  volatilize  at  195°  C.  and  boils  at  220°  C. 
it  is  advisable  not  to  carry  the  concentration  too  far  while  exj^elling  arsenic. 

Lead,  cop[)er,  zinc,  tin,  silver,  chroniiiim,  and  sulphuric  acid  have  no  effect  upon 
the  determination,  but  large  quantities  of  calcium,  magnesium,  and  ammomuni 
salts  tend  to  make  the  results  high.  Low*  found  that  copper  proauced  high  results, 
approximately  .012%  too  high  for  every  0.1  %  of  copper  present.  The  author  (W.W.S.) 
finds,  however,  that  with  the  procedure  given  above,  amounts  of  copper  as  high  as 
15^p  producecl  no  difficulty  beyond  a  yellow  coloration  of  the  solution.  With  larger 
amounts  of  copper,  the  end-point  bccanie  difficult  to  detect  owing  to  the  depth  of 
this  yellow  color,  so  that  in  case  of  brass  and  copper  alloys,  the  method  must  be 
modified  by  a  procedure  for  removal  of  the  copper.  Lead  up  to  95%  caused  no 
diflTiculty.  Iron,  in  amounts  such  as  are  commonly  met  in  alloys  of  lead,  does  not 
interfere. 

During  the  course  of  analysis  antimony  may  be  isolated  as  the  sulphide;  this  is 
dissolved  in  strong  hydrochloric  acid,  and  reduced  and  concentrated  to  expel  arsenic 
that  may  be  present  as  a  contamination,  and  the  resulting  solution  titrated  with 
potassium  bromate  as  directed  above. 

Sources  of  Error.  («)  Imperfect  volatilization  of  arsenic,  (b)  Incomplete  expul- 
sion of  SO2.     (f )  Over-tit  ration  if  insufficient  hydrochloric  acid  is  present. 

No  loss  of  antimony  occurs  at  temperatures  below  120°  C. 

Potassium  Iodide  Method  for  Determining  Antimony 

Procedure.  To  1  gram  of  fine  sawings  or  filings  hi  a  16-oz.  Erleiuneyer  flask 
add  00  cc.  of  concentrated  hydrochloric  acid  and  heat  on  an  asbestos  board  or  on 
the  water  bath  just  below  boiling.     When  hydrogen  is  no  longer  evolved,  decant 

*  A.  H.  Low,  Technical  Methods  of  Ore  Analysis. 
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the  liquor  and  wash  twice  with  concentrated  hydrochloric  acid,  retaining  the 
antimony  in  the  flask.  Now  dissolve  the  antimony  by  adding  15  cc.  of  con- 
centrated hydrochloric  acid  and  solid  potassium  chlorate,  a  few  crj'stals  at  a  time, 
until  the  antimony  is  in  solution,  the  liquid  being  kept  hot.  Expel  chlorine 
Ly  boiling,  add  50  cc.  of  concentrated  hydrochloric  acid  and  again  bring 
to  boiling.  Cool  and  add  20  cc.  of  20%  potassium  iodide  solution  and  1  cc.  of 
carbon  di^ulphide  or  tetrachloride.  Titrate  the  liberated  iodine  with  tenth-normal 
sodium  thiosulphatc.  The  brown  color  will  gradually  disappear  from  the  solu- 
tion and  the  last  traces  of  free  iodine  will  be  collected  in  carbon  disulphide  or 
carbon  tetrachloride,  giving  a  pink  color.  When  this  pink  color  disappears  the 
end-point  has  been  reached. 

One  cc.  N/ 10  Na^SiO,  =  .006  gram  of  Sb. 

Xa.iM3s  is  standardized  against  .3  gram  antimony  as  in  case  of  Potassium 
Bromate  Method,  the  above  procedure,  however,  being  followed.  Antimony 
mu5t  be  free  from  copper  and  arsenic. 

XoTES.  The  following  reversible  reaction  is  of  interest:  "R"  representing  a  tri- 
valent  metal  with  oxidation  to  pentavalent  form. 

RiOa-|-2l2-|-2H20  =«R,0i+4HI. 

The  reaction  goes  to  the  right  when  an  alkali  is  present  to  neutralize  the  frt^e 
acid  formed;  e.g.,  Mohr's  process  for  determining  arsenic  by  titration  of  the  lower 
oxide  with  iodine  in  presence  of  sodium  bicarbonate.  The  reaction  goes  to  the  left 
in  presence  of  strong  acid;  e.g.,  Weller's  process  for  the  determination  of  antimony 
in  an  acid  solution. 

The  solution  should  not  contain  more  than  i  of  its  volume  of  hydrochloric  acid 
<sp.gr.  1.16),  since  too  much  hydrochloric  acid  gives  high  results,  owing  to  the  action 
of  hydrochloric  acid  on  potassium  iodide.  Too  little  acid  leads  to  the  separation 
of  basic  iodides  and  chlorides  of  antimony.  The  solution  is  best  boiled  down  to 
30^f  hydrochloric  acid  (above  strength). 

Stannous  chloride  may  be  asod  in  place  of  thio-sulphate  in  titration  of  iodine. 

SbCU+2KI  -SbCl,+2KCl-|-l2    and     I,+SnCl2+2HCl  =SnCl4-|-2HI. 

Determination  of  Antimony  by  Oxidation  with  Iodine 

The  procedure  originated  by  Mohr  and  modified  by  Clark,  depends  upon 
the  reaction  Sb,0,+2l2-h2H20  =Sb20ft-f4HI. 

The  reaction  takes  place  when  iodine  is  added  to  a  solution  of  antimonous 
salt  in  presence  of  an  excess  of  alkali  bicarbonate.  In  an  acid  solution  oxida- 
tion with  iodine  does  not  go  beyond  Sb203. 

Procedure.  Solution.  The  sample  is  brought  into  solution  by  one  of  the 
procedures  given  imder  '* Preparation  and  Solution  of  the  Sample.^'  Alloys 
of  antimony,  lead,  and  tin  are  treated  according  to  directions  given  for  this 
combination. 

Titration.  To  the  hydrochloric  acid  solution  of  antimony  is  added  tar- 
taric acid  or  Rochelle  salts,  the  excess  of  the  acid  neutralized  with  sodium  car- 
bonate, the  solution  made  barely  acid  with  hydrochloric  acid  and  a  saturated 
solution  of  sodium  bicarbonate  added  in  the  proportion  of  10  cc.  bicarbonate 
solution  for  each  0.1  gram  of  SbjOa.  Starch  is  added  as  an  indicator  and  the 
solution  titrated  with  N/10  iodine. 

1  cc.  N'/IO  iodine  =0.006  gram  Sb. 

Note.  The  titration  should  be  made  immediately  upon  addition  of  the  sodium 
salts. 
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Other  Procedures 

Permanganate  Method 

Antimonous  salts  may  be  titrated  with  standard  potassium  permanganate. 
The  iron  value  for  the  permanganate  multiplied  by  1.075  or  the  oxalic  acid 
(C2H2O4  •  2H2O)  value  multiplied  by  0.9532,  will  give  the  antimony  value.* 

Indirect  Evolution  Method 

The  method  depends  upon  the  evolution  of  H2S  from  the  sulphides  of  anti- 
mony decomposed  by  strong  hydrochloric  acid,  the  amount  of  hydrogen  sul- 
phide being  the  same  for  either  Sb2Sj  or  SbtS*,  the  following  reactions  taking 
place: 

1.  Sb2Sa+6HCl=2SbCh+3H2S. 

2.  Sb2S5+6HCU2SbCh+S2+3H2S. 

The  details  of  the  method  are  practically  the  same  as  determination  of 
sulphur  by  the  evolution  method  in  the  analysis  of  iron  and  steel.  See  Chapter 
on  Sulphur.  The  antimony  sulphide  precipitate  is  placed  in  the  evolution 
flask,  strong  hydrochloric  acid  added  with  an  equal  volume  of  water  and  the 
evolved  hydrogen  sulphide  absorbed  in  an  ammoniacal  solution  of  cadmium 
chloride.  The  precipitated  cadmium  sulphide  is  then  titrated  with  iodine  in 
an  acid  solution. 

One  cc.  N/10  1=0.001604  gram  S,  since  3S=2Sb,  therefore  Sb=SX2.4a9, 
lience,  1  cc.  N/10  I  =0.00401  gram  Sb. 

Preparation  of  Standard  Iodine  Solution.  An  approximate  tenth  normal  solu- 
tion is  made  by  dissolving  12.7  grams  of  commercial  iodine,  roughly  weighed  on 
a  watch-glass,  in  200  cc.  of  water  containing  about  25  grams  of  potassium  iodide, 
solution  being  effected  in  a  graduated  liter  flask.  After  making  up  to  1000  ec. 
with  distilled  water,  the  reagent  is  transferred  to  a  dark-colored  bottle,  to  protect 
it  from  light.  It  is  advisable  to  make  up  5  to  10  liters  at  a  time  for  laboratories 
where  the  solution  is  in  constant  demand.  After  standing  several  hours,  the 
reagent  is  standardized  by  running  a  portion  from  a  burette  into  100  cc.  of  tenth 
normal  arsenous  acid  (see  page  204)  until  a  faint  yellow  color  is  perceptible.  In 
I)resence  of  starch  indicator  a  faint  blue  color  is  obtained. 

100  divided  by  the  cc.  of  iodine  required  gives  the  factor  for  a  N/10  solution. 

Example.  If  98.5  cc.  of  iodine  are  required,  100 -r98.5  =  1.0152  N/10  or 
.10152  normal. 

Tenth  normal  arsenous  acid  solution  contains  4.953  grams  of  AS2O8,  per  liter,  diB- 
solved  in  sodium  hydroxide  and  made  up  according  to  directions  ^yen  on  page  204. 
The  oxide  is  seldom  pure,  so  that  allowance  must  be  made  for  impuntics.  For  examine, 
the  acid  containing  99.56  per  cent  AS2O3  would  require  4.953  t- .9956 =4.97  grams  pa 
hter  of  solution. 


\ 


Mellor,  page  288).  There  is  no  advantage  in  taking  the  theoretical  amount  of  purified 
iodine,  however,  since  the  reagent  changes  in  strength  on  standing. 

1'otJi.^siuni  iodide  augments  solution  of  iodine,  which  is  sparingly  soluble  in  water. 

The  iodine  may  be  standardized  by  titrating  a  definite  volume  with  N/10  sodium 
thiosulphate.     See  page  204. 

^  Technical  Methods  of  Ore  Analysis,  by  A.  H.  Low. 
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Determination  of  Small  Amounts  of  Antimony^ 

The  determination  depends  upon  the  fact  that  when  antimony  compounds 
are  acted  upon  in  acid  solution  by  nascent  hydrogen  the  gas  stibine  is  evolved, 
which  forms  a  black  compound  with  silver  nitrate.  The  method  is  very  similar 
to  Allen  and  Palmer's  modification  of  the  Gutzeit  procedure  for  arsenic,  dif- 
fering, however,  in  the  facts  that  heating  is  necessary  to  evolve  completely 
the  stibine,  the  presence  of  iron  is  not  required,  and  stannous  chloride  is  not 
used. 

Procedure.  The  material  is  brought  into  solution  with  water,  or  by  treat- 
ment with  hydrochloric  acid,  or  hydrochloric  acid  and  an  oxidizing  agent  (KClOa  or 
Br)  with  subsequent  evaporation  to  dryness  on  the  steam  plate  or  water  bath,  or 
by  fusion  with  sodium  carbonate  followed  by  acid  extraction.  If  arsenic  is  present, 
the  solution,  contained  in  a  distillation  flask,  is  reduced  with  ferrous  sulphate  or 
chloride  and  arsenic  distilled  off  in  a  current  of  HCl  gas,  according  to  the  proced- 
ure outlined  under  Arsenic.  The  volume  of  the  solution  is  reduced  from 
about  200  cc.  to  50-60  cc.»  Antimony  is  now  isolated  by  continuing  the  distilla- 
tion with  addition  of  zinc  chloride  to  raise  the  boiling-point  of  the  solution. 
Thirty  cc.  of  a  saturated  solution  of  zinc  chloride  are  added  to  the  liquor  in  the 
flask  and  antimony  distilled,  hydrochloric  acid  (sp.gr.  1.2)  being  added  through 
a  separatory  funnel,  drop  by  drop,  to  replace  the  solution  evaporated.  The  first 
fifty  cc.  of  the  distillate  will  contain  all  the  antimony,  present  in  small  amount. 
The  excess  of  acid  is  carefully  neutralized  with  sodium  carbonate,  leaving  the 
solution  slightly  acid.  The  mixture  is  placed  in  the  modified  Gutzeit  apparatus, 
pure  zinc  shot  added,  and  the  apparatus  connected  up  as  described  for  deter- 
mining traces  of  arsenic,  Fig.  2.  In  place  of  the  mercuric  chloride,  silver 
nitrate  paper  is  used  for  obtaining  the  stain,  as  this  reagent  is  more  sensi- 
tive to  stibine.  The  apparatus  is  placed  in  warm  water  (about  60®  C.)  for 
two  hours.  The  silver  nitrate  paper  is  then  removed,  immersed  in  10%  solu- 
tion of  sodium  thiosulphate  to  fix  the  stain  and  washed  with  distilled  water 
to  remove  the  silver  nitrate.  The  paper  is  then  dried  and  compared  with  a 
standard  set  of  stains  made  by  placing  known  amounts  of  antimony  in  solu- 
tions of  like  material  examined,  and  proceeding  according  to  the  outline  given. 

Notes.  Potassium  antimonyl  tartrate  may  be  taken  for  the  standard  antimony 
solution.  0.2765  gram  of  the  salt  is  diluted  to  a  liter  and  10  cc.  of  this  stock  solution  is 
diluted  to  1  liter.  10  oc.  of  this  final  solution  is  equivalent  to  0.01  milligram  of  anti- 
mony.   Stains  representing  0.005  to  0.05  milligram  antimony  are  suited  for  the  test. 

Silver  nitrate  paper.  This  is  made  by  dipping  sheets  of  filter  paper  in  a  0.4% 
solution  of  silver  nitrate,  running  through  the  mangle  to  remove  the  excess  of  silver 
nitrate,  drying  and  cutting  into  strips  according  to  the  procedure  recommended  for 
the  paper  used  in  the  Gutzeit  method  for  arsenic. 

Blank  runs  should  be  made  with  the  reagents  and  the  blanks  deducted  from  the 
stains  obtained  in  the  regular  tests.  If  possible,  arsenic  and  antimony-free  reagents 
should  be  used. 

The  author  is  indebted  to  Mr.  J.  P.  Kelly  for  his  review  and  criticism  of  this  chapter. 

'  Method  suggested  bv  C.  R.  Sanger,  communicated  to  the  author  by  Mr.  J.  P.  Kelly. 

»  Ehiring  the  removal  of  arsenic  the  temperature  of  the  solution  should  not  rise 
above  125"  C,  since  a  loss  of  antimony  occurs  above  this  point.  It  is  advisable,  there- 
fore, to  place  a  thermometer  in  the  flask,  and  observe  the  temperature  durmg  the 
distillation. 
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Oxides,  AssOs,  AssO^.^ 

DETECTION 

Hydrogen  sulphide  precipitates  the  yellow  sulphide  of  arsenic,  AstSa,  when 
passed  into  its  solution  made  strongly  acid  with  hydrochloric  acid.  If  the 
solution  contains  more  than  25%  hydrochloric  acid,  (sp.gr.  1.126)  the  other 
members  of  the  hydrogen  sulphide  group  do  not  interfere,  as  they  are  not 
precipitated  from  strong  acid  solutions  by  hydrogen  sulphide.  Arsenic  sulphide 
is  soluble  in  alkaUne  carbonates.  (Antimony  sulphide,  SbjSa,  reddish  yellow, 
is  insoluble  in  alkahne  carbonates.) 

Volatility  of  the  chloride,  AsCls,  is  a  means  of  separation  and  distinction 
of  arsenic.  Details  of  the  procedure  are  given  under  *' Separations."  The 
distillate  may  be  tested  for  arsenic  as  directed  above. 

Traces  of  arsenic  may  be  detected  by  either  the  Gutzeit  or  l^larsh  test 
for  arsenic.  Directions  for  tfie  Gutzeit  test  are  given  at  the  close  of  the  vol- 
umetric procedures. 

Distinction  between  Arsenates  and  Arsenites.  Magnesia  mixture  pre- 
cipitates white,  MgNH4As04,  when  added  to  ammoniacal  solutioiLS  containing 
arsenates,  but  it  produces  no  precipitate  with  arsenites. 

Red  silver  arsenate  and  yellow  silver  arscnite  are  precipitate<l  from  neutral 
solutions  by  anmioniacal  silver  nitmte.  An  arsenate  gives  a  yellow  precipitate 
with  ammonium  molybdate  solution. 

ESTIMATION 

The  determination  of  arsenic  is  required  in  the  valuation  of  native  arsenic, 
white  arsenic,  As.Os;  ores  of  arsenic — orpiment,  AS2S3;  realgar,  AssSj;  p>Tar- 
gyrite,  AsaSbj;  arsenopyrite,  or  mispickel,  FeSAs;  cobaltite  or  cobalt  glance, 
CoSAs;  smaltite,  ('oAsa;  niccolite.  NiAs.  The  substance  is  estimated  in 
copper  ores,  in  spciss,  regulus;  in  iron  i)recipitates  (basic  arsenate).  It  is 
deternuned  in  paint  pigments,  Schocl's  green,  etc.  The  element  is  determined 
in  shot  alloy  and  in  nuiny  metals.  It  is  estunated  in  germicides,  disinfectants, 
and  insecticides — Paris  green,  lead  arsenate,  zinc  arsenite.  Traces  are  looked 
for  in  food  products  and  in  substances  where  its  presence  is  not  desired. 

Preparation  and  Solution  of  the  Sample 

In  dissolving  arsenic  compounds  it  will  be  recalled  that  the  oxide,  AsjOj, 
is  not  rcadilj'  actod  upon  by  dilute  acids — hydrochloric  or  sulphuric.  The 
compound  is  soluble,  however,  in  alkaline  hydroxides  and  carbonates.     Nitric 

^Van  Nostrand's  Chem.  Annual — Olsen — 3d  Ed. 
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acid  oxidizes  AssOs  to  the  higher  oxide,  AsaOs,  which  is  soluble  in  water.  The 
sulphides  AsaSi  and  AsjSi  are  practically  insoluble  in  hydrochloric  or  sulphuric 
acids,  but  are  dissolved  by  the  fixed  alkalies  and  alkali  sulphides.  All  arsenites, 
with  the  exception  of  the  alkali  arsenites,  require  acids  to  effect  solution. 

Pyrites  Ore  and  Arseno-pjrrites.  The  amount  of  the  sample  may  vary 
from  1  to  20  grams,  ^  according  to  the  arsenic  content.  The  finely  ground  sample 
in  a  large  casserole  is  oxidized  by  adding  10  to  50  cc.  of  bromine  solution  (75 
cc.  KBr-|-50  cc.  liquid  Br+450  cc.  H2O)  covering  and  allowing  to  stand  for 
fifteen  minutes,  then  20  to  50  cc.  of  strong  nitric  acid  are  added  in  three  or 
four  portions,  allowing  the  action  to  subside  upon  each  addition.  The  glass 
cover  is  raised  by  means  of  riders,  and  the  sample  evaporated  to  dryness  on 
the  steam  bath;  10  to  25  cc.  of  hydrochloric  acid  are  now  added  and  the  sample 
again  taken  to  dryness.  Again  10  to  25  cc.  of  hydrochloric  acid  are  added 
and  the  sample  t^en  to  dr>'^ness.  Finally  25  cc.  of  hydrochloric  acid  and  75 
cc.  of  water  are  added,  and  the  mixture  digested  over  a  low  flame  until  all  the 
gangue,  except  the  silica,  is  dissolved.  The  solution  is  now  examined  for  arsenic 
by  distillation  of  the  arsenic  after  reduction,  the  distillate  being  titrated  with 
standard  iodine  solution  according  to  directions  given  later. 

Arsenous  Oxide.  The  sample  may  be  dissolved  in  caustic  soda,  the  solution 
neutralized  with  hydrochloric  acid,  and  the  resulting  sample  titrated  with  iodine 
according  to  the  regular  procedure. 

Arsenic  Acid,  Alkali  Arsenates,  etc.  The  sample  is  dissolved  in  20  to  25 
cc.  of  dilute  sulphuric  acid,  1  :  1,  in  an  Erlenmeyer  flask,  and  reduced  by 
addition  of  3  to  5  grams  of  potassium  iodide,  the  action  being  hastened  by  placing 
the  mixture  on  a  steam  bath.  The  iodine  liberated  is  exactly  neutralized  with 
thiosulphate  and  the  arsenous  acid  titrated  with  iodine  according  to  the  pro- 
cedure given  later.  If  a  N/10  iodine  solution  is  to  be  used,  the  sample  should 
not  contain  over  .37  gram  arsenic.  A  10-gram  sample  may  be  taken,  made 
up  to  a  definite  volume  and  aliquot  parts  taken  for  analysis. 

Arsenic  in  Sulphuric  Acid.  Arsenous  acid  may  be  titrated  directly  with 
iodine  in  a  20-  to  50-gram  sample,  which  has  been  diluted  to  200  to  300  cc. 
with  water  and  nearly  neutraUzed  with  ammonium  hydroxide  and  then  an  excess 
of  sodium  acid  carbonate  added,  followed  by  the  iodine  titration. 

Arsenic  Acid  in  Sulphuric  Acid.  Twenty-five  cc.  of  the  acid  containing 
about  0.1%  arsenic  or  a  larger  volume  in  case  the  percentage  of  arsenic  is  less 
than  0.1%  AsiOa  (the  sp.gr.  of  the  acid  being  known)  are  measured  out  into  a 
short-necked  Kjeldahl  flask.  About  half  a  gram  of  tartaric  acid  and  2  grams  of 
fused,  arsenic-free  potassium  bisulphate  are  added  and  the  acid  heated  over 
a  low  flame  until  the  liberated  carbon  is  completely  oxidized  and  the  acid  again 
l>ecomes  clear,  e.g.,  a  pale  straw  color.  It  is  not  advisable  to  heat  to  violent 
fuming,  as  a  loss  of  arsenic  is  then  apt  to  occur.  The  cooled  acid  is  poured 
into  about  300  cc.  of  water,  the  excess  acid  nearly  neutralized  with  ammonia, 
bicarbonate  of  soda  added  in  excess  and  the  arsenous  acid  titrated  with  standard 
iodine.  Total  arsenic  as  AsjOa  minus  arsenous  arsenic  as  As203=  arsenic  arsenic 
in  terms  of  AsjOa.    This  result  multiplied  by  1.1616  =As206. 

Arsenic  in  Hydrochloric  Acid.  The  arsenic  in  20  to  100  cc.  sample  is 
reduced  by  ferrous  chloride,  the  arsenic  distilled  according  to  directions  given 
later,  and  the  distillate  titrated  with  iodine. 

*  0.1%  arsenic  detennined  on  a  20-gram  sample. 
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Arsenic  in  Organic  Matter.  >  0.2  to  0.5  gram  of  the  sample  finely  powdered 
is  oxidized  by  mixing  with  10  to  15  grams  of  sodium  carbonate  and  sodium 
peroxide,  1  :  1,  in  a  nickel  crucible,  a  portion  of  the  fusion  mixture  being  spread 
over  the  charge.  After  heating  gently  for  fifteen  minutes,  the  fusion  is  com- 
pleted by  heating  to  dull  redness  for  five  minutes  longer.  The  contents  of 
the  crucible  are  rinsed  into  an  Erlenmeyer  flask  after  extraction  with  wat^, 
and  the  solution  made  acid  with  dilute  sulphuric  acid,  1:1.  The  mixture 
is  boiled  down  to  100  cc,  1  to  2  grams  of  potassium  iodide  added  and  the  solu- 
tion further  concentrated  to  about  40  cc.  Iodine  is  reduced  with  sulphurous 
acid  or  thiasulphate,  the  solution  diluted  with  hot  water  and  saturated  with 
hydrogen  sulphide.  Arsenous  sulphide  is  filtered  off,  washed,  dissolved  in  15 
to  20  cc.  of  half-normal  sodium  hydroxide  and  30  cc.  of  hydrogen  peroxide  (30%) 
solution  added,  and  the  solution  boiled.  About  12  cc.  of  dilute  sulphuric  acid, 
1:1,  are  added,  together  with  1  to  2  grams  of  potassium  iodide,  the  solutioD 
concentrated  to  40  cc.  and  free  iodione  reduced  with  thiosulphate  as  before. 
Arsenic  is  now  titrated,  with  standard  iodine,  upon  neutralization  of  the  free  acid 
with  sodium  hydroxide  and  sodium  acid  carbonate. 

Lead  Arsenate.  Ten  grams  of  the  thoroughly  mixed  paste  or  5  grams  of 
the  powder  are  dissolved  by  treating  with  25  cc.  of  10%  hot  sodium  hydrox- 
ide solution,  and  diluted  to  250  cc.  An  aliquot  part,  50  cc.  (=2  grams  paste 
and  1  gram  powder)  is  placed  in  an  Erlenmeyer  flask  and  20  cc.  of  dilute 
sulphuric  acid,  1:1,  added,  and  the  solution  diluted  to  150  cc.  About  3  grams 
of  solid  potassium  iodide  are  added  and  the  solution  boiled  down  to  about 
50  cc.  (but  not  to  fumes).  The  liquor  will  be  colored  yellow  by  free  iodine. 
Tenth  normal  sodium  thiosulphate  is  added  drop  by  drop  until  the  free  iodine 
is  neutralized  (solution  loses  its  yellow  color),  it  is  now  diluted  to  about  250 
cc.  and  the  free  acid  neutralized  by  ammonium  hydroxide  (methyl  orange 
indicator),  then  made  slightly  acid  with  dilute  sulphuric  acid,  and  an  excess 
of  bicarbonate  of  soda  added.    The  arsenic  is  titrated  with  standard  iodine. 

The  arsenic  may  be  reduced  by  placing  the  50-cc.  sample  in  a  Kjeldahl 
flask,  adding  25  cc.  of  strong  sulphuric  acid  (1.84  sp.gr.),  J  gram  tartaric  acid 
and  2  grams  acid  potassium  sulphate,  KHSO4,  and  digesting  over  a  strong  flame 
until  the  organic  matter  is  destroyed  and  the  solution  is  a  pale  yellow  color. 
The  cooled  acid  is  diluted  and  neutralized,  etc.,  as  directed  above. 

Water-soluble  Arsenic  in  Insecticides.  Rapid  Works  Test.  Two  grams 
of  the  paste  is  digested  with  1000  cc.  of  water  at  90°  C.  for  five  minutes,  in 
a  graduated  1000-cc.  flask.  An  aliquot  portion  is  filtered  and  the  arsenic 
determined  by  the  Gutzeit  method. 

Water-soluble  arsenite  may  be  titrated  directly  with  iodine  in  presence 
of  sodium  bicarbonate. 

Zinc  Arsenite.  About  5  grams  of  powder  or  10  grams  of  paste  are  taken 
and  dissolved  in  a  warm  solution  containing  300  cc.  of  water  and  25  cc.  of 
strong  hydrochloric  acid.  The  cooled  solution  is  diluted  to  500  cc.  and  lOQ-cc. 
portions  taken  for  analysis.  The  acid  is  partly  neutralized  with  ammonium 
hydroxide  and  50  cc.  of  a  Siiturated  solution  of  ammonium  oxalate  added 
(to  prevent  precipitation  of  the  zinc  as  ZnCOa),  and  an  excess  of  sodium 
bicarbonate,  NaHCOj.     Arsenic  is  now  titrated  with  iodine  as  directed  later. 

Soluble  Arsenic  in  Zinc  Arsenite.     One  gram  sample  is  rubbed  into  an 

» Little,  Cahan,  and  Morgan,  Jour.  Chem.  See,  95,  1477  (1909). 
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emulsion  with  several  portions  of  water  until  the  whole  is  in  suspension.  The 
cloudy  liquor  is  diluted  to  1000  cc.  and  a  portion  filtered  through  a  i-in. 
asbestos  mat  on  a  perforated  plate,  the  asbestos  being  covered  with  a  layer 
of  filter  paper.  The  first  50  cc.  are  rejected.  One  hundred  cc.  of  the  clear 
fihrate  (=0.1  gram)  is  treated  with  10  cc.  of  strong  sulphuric  acid,  0.05  gram, 
FciOi  (use  ferric  ammonium  sulphate)  and  i  cc.  of  80%  stannous  chloride  solution 
and  heated  until  colorless.  Arsenic  is  now  determined  by  the  Gutzeit  method, 
using  the  larger-sized  apparatus. 

Arsenic  in  Mispickel.  One  gram  of  the  finely  powdered  mineral  is  fused 
in  a  nickel  crucible  iivdth  about  10  grams  of  a  mixture  of  potassiimi  carbonate 
and  nitric  acid,  1:1,*  and  the  melt  extracted  with  hot  water.  Two  hundred  cc. 
of  a  saturated  solution  of  SOi  is  added  to  the  filtrate  to  reduce  the  arsenic, 
the  excess  of  SO2  then  expelled  by  boiling,  the  solution  diluted  with  dilute 
sulphuric  acid,  and  arsenic  determined  in  the  filtrate. 

Arsenic  in  Steel,  Iron,  Pig  Iron,  etc.  One  to  50  grams  of  steel,  etc.,  may 
be  treated  according  to  the  scheme  for  pyrites.  If  a  large  sample  is  taken, 
it  is  advisable  to  treat  it  in  a  500-cc.  flask,  connected  with  a  second  flask 
containing  bromine,  to  guard  against  loss  of  arsenic  by  volatilization.  When 
the  sample  has  dissolved  it  is  taken  to  dryness  (the  bromine  in  the  second  flask 
being  combined  with  it)  and  treated  as  directed  in  pyrites.  Arsenic  chloride, 
AsCU,  is  transferred  to  the  distilling  flask  with  strong  hydrochloric  acid,  and 
arsenic  separated  from  the  iron  by  volatilization  of  reduced  chloride  accord- 
ing to  the  procedure  given  below. 

Arsenic  in  Copper.  Arsenic  is  precipitated  with  iron  by  the  basic  acetate 
method,  and  thus  freed  from  copper.  Details  of  procedure  are  given  under  the 
determination  of  impiuities  in  copper  in  the  chapter  on  the  subject. 

SEPARATIONS 

Isolation  of  Arsenic  by  Distillation  as  Arsenous  Chloride  ^ 

By  this  method  arsenic  may  be  separated  from  antimony,  tin,  and  from 
other  heavy  metals.  It  is  of  special  value  in  the  direct  determination  of  arsenic 
in  iron  ores,  copper  ores,  and  like  products  and  has  a  wide  application.  The 
procedure  depends  upon  the  volatility  of  arsenous  chloride  at  temperatures  lower 
than  the  other  heavy  metals.  In  a  ciu*rent  of  HCl  gas,  arsenous  chloride  begins 
to  volatilize  below  108**  C,  and  is  actively  volatile  at  120°  C;  antimony 
starts  to  volatilize  at  125®  C,  but  is  not  actively  volatile  until  a  temperature 
of  180**  has  been  reached.  The  boiling-point  of  arsenous  chloride,  AsCU, 
is  130.2°;  antimony  trichloride,  SbCU,  is  223.5°;  and  that  of  stannous  chloride, 
SnCli,  is  over  603°;  other  chlorides  having  still  higher  boiling-points.  Tin  in 
its  higher  form,  SnCU,  is  readily  volatile,  boiling-point  is  114°  C.,  so  that  it  is 
necessary  to  have  it  in  its  divalent  form  to  effect  a  separation  from  arsenic. 
When  heavy  metals  are  present  in  the  residue  remaining  from  the  arsenic  dis- 
tillate, or  when  zinc   chloride   is  added   to  raise   the   boiling-point,   antimony 

*  The  ore  may  be  brought  into  solution  by  fusion  with  a  mixture  of  sodium  car- 
bonate, potassium  nitrate  and  zinc  oxide,  1:1:2.  The  fusion  bein|;  made  in  a  platinum 
dish.  The  potassium  iodide  procedure  may  be  followed  for  reduction  of  arsenic.  (See 
Lead  Arsenate.) 

*  J.  E.  Stead's  Method.  R.  C.  Roark  and  C.  C.  McDonnell,  Jour.  Ind.  Eng.  Chem., 
VIII,  4,  327  (1916). 
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may  also  be  separated  by  distillation  l>y  carrying  the  solutioD  to  near  drynew, 
adding  concentrated  HCl  by  means  of  a  separatorj-  funnel,  drop  by  drop,  duriiw 
further  distillation  of  the  concentrate.  Arsenic  may  be  determined  in  tbe 
distillate   (first   portions)   either  gravimetrically   or  voliunetrically. 

Procedure.  If  arsenic  is  present  as  araenic  chloride,  as  prepared  in  tbe 
method  for  solution  of  iron  ores,  the  sample  may  be  transferred  directly  to 
the  distillation  flask  by  means  of  concentrated,  arsenic-free  hydrochloric  acid. 
If  8  preliminary  separation  of  other  metals  has  been  made  and  arsenic  ii 
present  (along  with  antimony  and  tin)  as  a  sulphide,  it  is  oxidiied  by  addition 
of  concentrated  HCl  and  sufficient  potassium  chlorate  to  cause  solution  and 
oxidation  of  free  sulphur,  and   the  chbrate   decomposed  by  evaporation  to 


Pio.  1. — Apparatus  for  the  Distillation  of  Arsenous  Acid. 

dryness;  or  if  preferred,  by  evaporation  of  the  alkaline  solution  to  dryneaa, 
oxidation  with  fuming  nitric  and  re-cvaporation  to  dryness  to  expel  the  nitne 
acid.  The  residue  is  taken  up  with  hydrochloric  acid  and  washed  into  tfas 
flask  with  ,'itrong  hydrochloric  acid  as  directed  above. 

Distillfttioii.  The  sample,  in  a  half-liter  distilling  flask  (Fig.  I,  "5")  il 
made  up  to  about  150  cc.  with  concentrated  hydrochloric  acid  and  about 
5  grams  of  cuprous  chloride,  Cu,fl!,  are  added.  The  apparatus  is  connected  up 
as  shown  in  the  illustration,  Fig.  1.  The  end  of  the  condenser  dips  into  400 
cc.  of  cold  water  in  a  large  beaker  (I  liter)  or  flask  ("4").  The  solution  il 
cooled  by  placing  it  in  ice-water  or  cold  running  water.  The  sample  is  satu- 
rated with  dry  hydrogen  chloride  gas  generated  by  dropping  concentrated 
sulphuric  acid  into  strong  hydrochloric  acid  ("3")  and  passing  the  gas  tbrou^ 
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sulphuric  acid  ("1")  (sp.gr.  1.84)  as  shown  in  cut.  When  the  point  of  satu- 
ration is  reached  the  gas  begins  to  bubble  through  the  solution  instead  of 
being  absorbed  by  it.  When  this  occurs,  heat  is  applied  and  the  solution  brought 
to  boiling,  the  current  of  HCl  gas  being  continued.  At  a  temperature  of  108 
to  110^  C.  the  first  100  cc.  will  contain  practically  all  of  the  arsenic.  About 
two-thirds  of  the  solution  is  distilled  off.  It  is  advisable  to  add  more  hydro- 
chloric acid  to  the  residue  in  the  flask,  together  with  cuprous  chloride,  and  repeat 
the  distillation  into  a  fresh  lot  of  water.  This  may  be  done  during  the  esti- 
mation of  arsenic  in  the  first  distillate. 

Arsenic  may  be  determined  in  the  distillates  either  gravimetrically  or  volu- 
metrically.  The  volumetric  procedures  for  arsenic,  in  this  isolated  form,  are 
generally  to  be  preferred,  since  they  are  both  rapid  and  accurate.  For  amounts 
over  0.5%  arsenic,  the  iodine  method  is  recommended,  for  smaller  amoimts 
(arsenic  in  crude  copper),  precipitation  with  silver  nitrate  and  titration  of  the 
silver  salt  is  best.  Exceedingly  small  amounts  are  best  determined  by  the 
Gutzeit  method,  page  40. 

Commercial  hydrochloric  acid  invariably  contains  arsenic,  so  this  must  be 
purified  by  redistillation  in  presence  of  an  oxidizing  agent  to  oxidize  the  arsenic 
to  the  non-volatile  arsenic  pentachloride,  AsCU,  form,  (Fig.  5)  or  by  treatment 
with  HS  and  filtration.  A  blank  -  run  should  be  made  on  the  reagents  used, 
especially  when  traces  of  arsenic  are  to  be  determined. 


Sefiaration  of  Arsenic  from  Antimony  and  Tin  by  Precipitation 
as  Sulphide  in  a  Strong  Hydrochloric  Acid  Solution 

This  procedure,  recommended  by  Neher,^  depends  upon  the  insolubility 
of  the  sulphide  of  arsenic  in  strong  hydrochloric  acid,  whereas  that  of  anti- 
mony dissolves.    The  sulphide  of  tin  is  also  soluble. 

Procedure.  The  metals  present  in  their  lower  conditions  of  oxidation  are 
precipitated  as  sulphides  in  presence  of  dilute  hydrochloric  acid  (5%  solution) 
to  free  them  from  subsequent  groups  (Fe,  Al,  Ca,  etc.).  The  soluble  members 
of  the  Hydrogen  Sulphide  Group  are  now  dissolved  and  separated  from  copper, 
lead,  etc.,  by  caustic  as  follows:  The  greater  part  of  the  washed  precipitate 
is  transferred  to  a  small  casserole,  that  remaining  on  the  filter  paper  is  dissolved 
off  by  adding  to  it  a  little  hot  dilute  potash  solution,  catching  the  filtrate  in 
the  casserole.  About  5  grams  weight  of  solid  potassium  hydroxide  or  sodium 
hydroxide  is  added  to  the  precipitate.  Arsenic,  antimony,  and  tin  sulphides 
dissolve.  The  solution  is  filtered  if  a  residue  remains,  and  the  filter  washed. 
This  preliminary  treatment  is  omitted  if  alkaline  earths  and  alkalies  are  the 
only  contaminating  elements  present. 

The  casserole,  containing  arsenic,  antimony,  and  tin,  is  covered  with  a  per- 
forated clock-glass  and  chlorine  conducted  into  it  until  all  the  alkali  is  decom- 
posed (one-half  to  three-quarters  hour);  the  higher  state  of  oxidation  results. 
The  clock-glass  is  now  removed  and  the  solution  evaporated  to  half  volume.  An 
equal  volume  of  hydrochloric  acid  is  added,  and  the  solution  again  evaporated 
to  decompose  potassium  chlorate.  When  free  from  chlorine,  the  acid  solution 
is  washed  into  an  Erlenmeyer  flask,  cooled  by  ice  to  0^  C.  and  two  volumes  of 

^  Fred  Neher,  Z.  Anal.  Chem.,  82,  45. 
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cooled,  concentrated,  hydrochloric  acid  added.  H2S  gas  is  rapidly  passed  into 
this  solution  for  an  hour  and  a  half.  The  flask  is  now  stoppered  and  allowed 
to  stand  another  hour  or  so.  The  yellow  arsenic  sulphide,  AsiS»,  b  filtered 
through  a  weighed  Gooch  crucible,  washed  with  hydrochloric  acid,  2:1,  und 
free  from  antimony,  i.e.,  the  washing  upon  dilution  remains  clear.  The  residue 
is  now  washed  with  water,  followed  by  alcohol,  and  may  be  dried  and  weighed 
as  AsjSb,  or  determined  volimietrically.  Antimony  and  tin  are  determined  in 
the  filtrate. 

The  sulphide  may  be  dissolved  in  concentrated  sulphuric  acid  by  heating 
to  sulphuric  acid  fumes  and  until  the  solution  becomes  clear.  No  arsenic  is  lost, 
provided  the  heating  is  not  unduly  prolonged.  Fifteen  to  twenty-five  minutes 
is  generally  sufficient  to  dissolve  the  sulphide  and  expel  S0»,  etc.  The  add 
may  be  neutralized  with  ammonia  or  caustic,  made  again  barely  acid  and  then 
alkaline  with  bicarbonate  of  soda,  and  arsenous  acid  titrated  with  iodine.^ 


GRAVIMETRIC  METHODS   FOR  DETERMINATION   OF 

ARSENIC 

As  in  the  case  of  antimony,  the  accuracy  and  rapidity  of  the  volumetric 
methods  for  the  determination  of  arsenic  make  these  generally  preferable  to 
the  more  tedious  gravimetric  methods.  The  following  methods,  however,  are 
of  value  in  certain  analjiiical  procedures. 

Determination  of  Arsenic  as  the  Trisulphide,  AS2S3 

Arsenic  acid  and  arsenates  should  be  reduced  to  the  arsenous  form  before 
precipitation  as  the  sulphide.  The  procedure  is  especially  adapted  to  the 
isolation  of  arsenic  from  other  elements,  when  this  substance  is  present  in  the 
solution  in  appreciable  quantities,  advantage  l)eing  taken  of  the  extreme  dif- 
ficulty with  which  arsenous  sulphide,  AS2S3,  dissolves  in  hydrochloric  acid 
solution. 

Procedure.  The  solution  containing  arsenic  in  the  arsenious  form  is  made 
strongly  acid  with  hydrochloric  acid  and  hydrogen  sulphide  passed  into  the 
cold  solution  to  complete  saturation.  The  hydrogen  sulphide  pressure  generator 
is  recommended  for  this  treatment.  Figs.  3  and  4.  The  precipitate  is  filtered 
into  a  weighed  Gooch  crucible  (previously  dried  at  105°  C),  the  compound 
dried    at  105°  G.  to  constant  weight  and  weighed  as  AsjS«. 

Factors.    AsiSg  X 0.6091  =  grams  As. 

AS2S3  X0.8042  =  grams  AS2O3. 
AS2O3  X 1 . 1 61 6  =  grams  AsjOj. 
AsjObX  1 .3134  =grams  H3ASO4 •  iH^O. 
AS2S3X 1 .2606  =  grams  A82S4. 

Note.  Arsenic  may  also  be  determined  as  arsenic  sulphide  by  passing  a  rapi 
stream  of  H2S  into  a  cooled  solution  of  arsenic  acid  containing  at  least  two  parts  c 
concentrated  hydrochloric  aciri  for  each  part  of  water  present  in  the  solution. 

^  J.  and  H.  S.  Pattinson,  Jour.  Soc.  Ghem.  Ind.,  1898,  p.  211. 


Determination  of  Arsenic  as  Magnesium  Pyroarsenate 

The  method  worked  out  by  Levol  depends  upon  the  precipitation  of  arsenic 
as  MgNHtAsOi-6HiO,  when  magnesia  mixture  is  added  to  an  ammoniacal 
»lution  of  the  arsenate.  Although  600  parts  of  water  dissolve  1  part  of  the  salt, 
it  ia  practically  insoluble  in  a  2i  per  cent  ammonia  solution,  1  part  of  the  anhydrous 
salt  requiring  24,558  parts  of  the  ammonia  water  according  to  Virgili.'  The 
compound  loses  5i  molecules  of  wat«r  at  102°  C.  and  all  of  the  water  when 


Fio,  2. — Urbasch's  Hydrogen  Sulphide  Generator. 
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strongly  ignited,  forming  in  presence  of  oxygen  the  stable  magnesium  pyro- 
araenate,  MgiAsiOr,  in  which  form  arsenic  is  determined.' 

Procedure.  The  solution  containing  the  arsenic,  in  the  form  of  arsenate, 
and  having  a  volume  not  exceeding  lOOcc.  pcrO.l  gram  arsenic  present,  is  treated 
»rith  5  cc.  of  concentrated  hydrochloric  acid,  added,  with  constant  stirring, 
drop  by  drop.  Now  7  cc.  to  10  cc.  of  magnesia  mixture  are  added  (55  grams 
M^l,+70  grams  NHiCH-660  cc.  H,0  and  made  up  to  1000  cc.  with  NH.OH, 
ep.gr.  0.96),  for  each  0.1  gram  of  arsenic  present.  A  10%  ammonia  solution 
is  added  from  a  burette,  with  stirring,  until  the  mixture  is  neutralized  (a  red 
color  imparted  to  the  solution  in  presence  of  phenolphthalein  indicator),  and 
•  J.  F.  Virgili,  Z.  anal.  Chem.,  44,  504  (1905). 
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then  ammonia  added  in  excess  equal  to  one-third  the  volume  of  the  neutralized 
solution.  The  precipitate  is  allowed  to  settle  at  least  twelve  hours  and  is  then 
filtered  into  a  weighed  Gooch  crucible  and  washed  with  2.5%  ammonia  until 
free  &om  chloride.    After  draining  as  completely  as  poBsible  by  suction  the 
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Fio.  3. — Scott's  Hydrogen  Sulphide  Generator. 
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precipitate  ia  dried  at  100°  and  then  heated  to  a  dull  red  heat  (400  to  500°  C), 
preferably  in  an  electric  oven,  until  free  of  ammonia.  The  temperature  is  then 
raised  to  a  bright  red  heat  (HOO  to  900°  C.)  for  aljout  ten  minutes,  the  crucible 
then  cooled  in  a  desiccator  and  the  residue  weighed  as  MrsAsjOt. 

Factora,    Mg^,O,X0.4827 -As,    or    X0.6373  =  As,O,,    or    X0.7403-A8,O., 
or  X0.7925-As,S.. 


B  placed  in 

_  ..._„.. ^ rucible,  the  bottom  ot  the  Gooch  being  2-3  tnin,  above  the 

boltom  of  the  outer  ciucible.     The  product  may  now  be  heated  in  presence  of  a 
current  of  oxygen  passed  through  a  perforation  in  the  covering  Ud  of  the  Gooch,  or 
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Fio  4  — Banks  Hydrogen  Sulphide  Generator. 
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in  place  of  the  oxygen,  a  thin  layer  of  powdered  NHiNOi  may  be  placed  on  the 
arsenate  residue  and  the  heat  gradually  appUed  until  the  outer  crucible  attains  a 
li^t  red  glow. 

VOLUMETRIC  METHODS  FOR  THE  DETERMINATION  OF 

ARSENIC 

Oxidation  of  the  Arsenous  Acid  with  Standard  Iodine  ' 

This  procedure  ie  applicable  for  the  determination  of  arsenic  in  acids,  after 
reduction  of  arsenic  to  its  arscDous  form,  for  valuation  of  atsenic  in  the  tri- 
oxide,  for  determination  of  arsenic  isolated  by  distillation  as  arsenous  chloride, 
for  anenic  in  arsenites  and  reduced  arsenates  in  insecticides,  etc.  The  method 
depends  upon  the  reaction— As^,+2H,0+2I,=Ab/),+4HI.  The  liberated 
hydriodic  acid  is  neutralized  by  sodium  bicarbonate.  The  trace  of  excess 
iodine  is  detected  by  means  of  starch,  a  blue  color  being  produced. 

Procfidure.  If  the  solution  is  acid,  it  is  neutralized  by  ammonium  hydroxide 
or  potassium  carbonate  (phenolphthalein  indicator)  then  made  slightly  acid.  If 
the  solution  is  alkaline,  it  is  made  slightly  acid.  Two  to  3  grams  of  sodium 
bicarbonate  are  added  together  with  starch  indicator  and  the  solution  titrated 
with  tenth  normal  iodine  solution,  the  iodine  being  added  cautiously  from  a 
burette  until  a  permanent  blue  color  develops. 

1  Mobr's  Method. 
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One  cc.  N/10  iodine  =0.00376  gram  As,  or  0.004948  gram  As,0,. 
AsjOiX  1.1616       =A8A.    AsX  1.3201  =As,Oj  or  X  1.5336  =AsaOf. 
AS1O3XO.7576  =As. 

Volumetric  Determination  of  Arsenic  by  Precipitation  as 

Arsenate 

Bennett's  modification  of  Pearcc's  method,  combining  Volhard's,  depends 
upon  precipitation  of  arsenic,  from  a  solution  neutralized  with  acetic,  by  addition 
of  neutral  silver  nitrate  solution;  the  silver  arsenate  is  dissolved  in  nitric  add, 
and  the  silver  titrated  with  standard  thiocyanate. 

Procedure.  0.5  gram,  or  less,  of  the  finely  powdered  substance  is  fused 
with  3  to  5  grams  of  a  mixture  of  sodium  carbonate  and  potassiimi  nitrate  (1:1) 
about  one-third  being  used  on  top  of  the  charge.  The  cooled  mass  is  extracted 
with  boiling  water  and  filtered.  The  filtrate,  containing  the  alkali  ars^iate, 
is  strongly  acidified  with  acetie  acid,  boiled  to  expel  the  carbon  dioxide, 
then  cooled  and  treated  with  sufficient  sodium  hydroxide  solution  to  give  an 
alkaline  reaction  to  phenolphthalein  indicator.  The  purple  red  color  is  now 
discharged  from  the  solution  by  addition  of  acetic  acid.  A  slight  excess  of 
neutral  silver  nitrate  is  vigorously  stirred  in  and  the  precipitate  allowed  to  settle 
in  the  dark.  The  supernatant  liquid  is  poured  off  through  a  filter  and  the 
precipitate  washed  by  dccantation  with  cold  distilled  water,  then  thrown  on  tbe 
filter  and  washed  free  of  silver  nitrate  solution.  The  funnel  is  filled  with  water 
and  20  cc.  of  strong  nitric  acid  added.  The  dissolved  silver  arsenate  is  cau^t 
in  the  original  beaker  in  which  the  precipitation  was  made,  the  residue  on  the 
filter  washed  thoroughly  with  cold  water  and  the  filtrate  and  washings  made 
up  to  100  cc.  The  silver  is  now  titrated  by  addition  of  standard  ammonium 
or  potassium  thiocyanate,  until  a  faint  red  color  is  evident,  using  ferric  ammonium 
alum  indicator,  according  to  the  procedure  described  for  determination  of  silver. 
(See  Chlorine  and  Silver  Chapters.) 

One  cc.  N/10  thiocyanate  =0.010788  gram  Ag. 
Factor.    AgX  0.2316=  As. 

Note.  The  silver  arsenate  salt  is  nearly  six  times  the  weight  of  arsenic,  80 
that  very  small  amounts  of  arsenic  may  be  determined  by  the  procedure,  hence 
it  is  not  nece8sar>'  to  use  over  0.5  gram  of  the  material.  For  traces  of  arsenic  the 
Gutzeit  method,  followinR,  should  bo  used. 

DETERMINATION  OF  SMALL  AMOUNTS  OF  ARSENIC 

Modified  Qutzeit  Method  ^ 

The  following  procedure  furnishes  a  rapid  and  accurate  method  for  deter 
mination  of  exceedingly  small  amounts  of  arsenic  ranging  from  0.001  milli- 
gram to  0.5  milligram  AsjOs.  It  is  more  sensitive  and  less  tedious  than  the 
Marsh  test.  The  details,  given  below  with  slight  modifications,  have  been 
carefully  worked  out  in  the  laboratorias  of  the  General  Chemical  Company^ 
and  have  proved  exceedingly  valuable  in  estimating  small  amounts  of  arsenic 
in  acids,  bases,  salts,  soluble  arsenic  in  lead  arsenate  and  zinc  arsenite  and  other 
insecticides,  traces  of  arsenic  in  food  products,  baking  powders,  canned  goods,  etc 

^  Paper  by  W.  R.  Allen  and  R.  M.  Palmer  General  Chemical  Company,  pw- 
sented  before  the  Eighth  International  Congress  of  Applied,  Chemistiy. 
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The  method  depends  upon  the  evolution  of  arsine  by  the  action  of  hydrogen 
on  arsenic  compounds  under  the  catalytic  action  of  zinc,  the  reaction  taking 
place  either  in  alkaline  or  acid  solutions.  The  evolved  arsine  reacts  with  mer- 
curic chloride,  forming  a  colored  compound.  From  the  length  and  intensity 
of  the  color  stain  the  amoimt  of  arsenic  is  estimated  by  comparison  ^th 
standard  stains. 

Arsine  is  evolved  from  an  acid  solution  imder  definite  conditions  of  acidity, 
amount  of  zinc  used,  temperature,  strength  of  solution  of  mercuric  chloride 
used  in  sensitizing  the  test-paper,  size  of  apparatus,  volume  of  solution,  amount 
of  iron  accelerator,  and  of  stannous  chloride  reducer,  etc.,  conditions  which 
have  proven,  by  extended  tests,  to  be  most  eflScient.  These  conditions  must 
be  adhered  to  for  reliable  results.  For  example,  variation  of  acidity  and  the 
amount  of  zinc  will  produce  stains  of  variable  length  and  intefisity  with  equal 
amounts  of  arsenic,  the  stain  being  longer  and  less  intense  with  the  more  rapid 
evolution  of  the  gas.  Likewise  the  greater  the  concentration  of  mercuric 
chloride  on  the  sensitized  paper,  the  shorter  the  length  of  the  stain  and  the 
deeper  its  color. 

Special  Reagents.  Standard  Arsenic  Solution.  One  gram  of  resublimed 
arsenous  acid,  AS2O9,  is  dissolved  in  25  cc.  of  20%  sodium  hydroxide  solution 
(arsenic-free)  and  neutralized  with  dilute  sulphuric  acid.  This  is  diluted  with 
fresh  distilled  water,  to  which  10  cc.  of  95%  H2S04  has  been  added,  to  a 
volume  of  1000  cc.  Ten  cc.  of  this  solution  is  again  diluted  to  a  liter  with  dis- 
tilled water  containing  acid.  Finally  100  cc.  of  the  latter  solution  is  diluted 
to  a  liter  with  distilled  water  containing  acid.  One  cc.  of  the  final  solution 
contains  0.001  milligram  As^Os. 

Standard  Stains.  Two  sets  of  stains  are  made,  one  for  the  small  apparatus 
for  determining  amounts  of  AssOi  ranging  from  0.001  to  0.02  milligram,  and  a 
second  set  for  the  larger^ized  apparatus  for  determining  0.02  to  0.5  miUigram 
AsiOs.  Stains  made  by  AsaOi  in  the  following  amounts  are  convenient  for  the 
standard  sets;  e.g.,  small  apparatus,  0.001,  0.002,  0.004,  0.006,  0.01,  0.15,  0.02 
milligram  AsiOs.    Large  apparatus,  0.02,  0.05,  0.1,  0.2,  0.3,  0.4,  0.5  milligram 

ASiOa. 

In  making  the  stain  the  requisite  amount  of  standard  reagent,  AssOs  solution, 
is  placed  in  the  Gutzeit  bottle  with  the  amounts  of  reagents  prescribed  for  the 
regular  tests  and  the  run  made  exactly  as  prescribed  in  the  regular  procedure. 

Preservation  of  the  Stains.  The  strips  of  sensitized  paper  with  the  arsenic 
stain  are  dipped  in  molten  paraffine  (free  from  water),  and  mounted  on  a  sheet 
of  white  paper,  folded  back  to  form  a  cylinder.  The  tube  is  placed  in  a 
glass  test-tube  containing  phosphorus  pentoxide,  which  is  then  closed  uy 
a  stopper.  It  is  important  to  keep  the  stained  strip  dry,  otherwise  the 
stain  soon  fades,  hence  the  paper  on  which  the  strips  are  mounted  and  the 
glass  test-tube,  etc.,  must  be  perfectly  dry.  It  is  advisable  to  keep  the  standard 
in  a  hydrometer  case,  while  not  in  use,  as  light  will  gradually  fade  the  color. 

Sensitized  Mercuric  Chloride  (or  Bromide)  Paper.  20X20  in.  Swedish  Filter 
Paper  No.  0  is  cut  into  four  equal  squares.  For  use  in  the  large  Gutzeit  appa- 
ratus the  paper  is  dipped  into  a  3.5%  solution  of  mercuric  chloride  (mercuric 
bromide  may  be  used  in  place  of  the  chloride)  or  if  it  is  to  be  used  in  the  small 
Gutzeit  apparatus  it  is  dipped  into  a  0.5%  mercuric  chloride  solution.  (The 
weaker  the  solution,  the  longer  and  less  intense  will  be  the  stain.)  A  squeegee 
roller  is  passed  gently  over  the  impregnated  paper,  placed  on  plate  glass,  to 
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remove  the  greater  part  of  the  reagent.  The  paper,  placed  on  a  clean  i 
cloth,  is  dried  at  a  temperature  of  100°  C.  Immediately  upon  drying  it 
removed  from  the  oven  (HgCli  is  slightly  volatile  with  heat),  half  an  inch 
the  outer  edge  trimmed  off,  since  this  ia  apt  to  contain  more  of  the  reage 
and  the  paper  cut  into  strips.  The  paper  with  more  concentrated  reagi 
is  cut  into  strips  13  cm.  by  5  mm.  and  that  with  0.5%  mercuric  cUoii 
into  strips  7  cm.  by  4  mm.    The  paper  is  preserved  b  bottles  with  tight-Gtti 


Fig.  5. — Purification  of  Hydrochloric  Add. 

stoppers.  Standards  should  be  made  with  each  bateh  of  paper.  Paper  W 
a  white  deposit  of  HfrC'lg  should  not  be  used. 

Feiric  Ammonium  Alum.  l-jRhty-four  grnnLs  of  the  alum  with  10  cc 
mixed  acid  is  diiisulvcd  an<l  made  up  to  a  liter.  Ten  cc.  of  this  solution  « 
tains  approximately  0.5  gram  FciOi. 

Lead  Acetate.  One  per  cent  solution  with  sufficient  acetic  acid  to  ck 
the  solution. 

Zinc.  Arsenic-free  zinc  shot,  3  to  6-in.  mesh.  The  zinc  ia  treated  with  C. 
hydrochloric  acid,  until  the  surface  of  the  zinc  becomes  clean  and  duU.    It 
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then  washed  and  kept,  in  a  casserole,  covered  with  distilled  water,  a  clock-glass 
keeping  out  the  dust. 

Mixed  Acid,  One  volume  of  arsenic-free  HjSO*  is  diluted  with  four  vol- 
umes of  pure  water  and  to  this  are  added  10  grams  of  NaCl  dissolved  in  100  cc.  of 
water. 

Stannous  Chloride,  Eighty  grams  of  stannous  chloride  dissolved  in  100  cc. 
of  water  containing  5  cc.  arsenic-free  hydrochloric  acid  (1.2  sp.gr.). 

Arsenic-free  Hydrochloric  Acid,  The  commercial  acid  is  treated  with  potas- 
sium chlorate  to  oxidize  the  arsenic  to  its  higher  form  and  the  acid  distilled. 
The  distilling  apparatus  may  be  arranged  so  that  a  constant  distillation  takes 
place,  acid  from  a  large  container  dropping  slowly  into  a  retort  containing 
potassium  chlorate,  fresh  hydrochloric  acid  being  supplied  as  rapidly  as  the 
acid  distills.    See  Fig.  5  on  page  42. 

Lead  Acetate  Test  Paper  for  Removal  of  HvS,  Large  sheets  of  qualitative 
filter  paper  are  soaked  in  a  dilute  solution  of  lead  acetate  and  dried.  The  paper 
is  cut  into  strips  7X5  cm. 

Blanks  should  be  run  on  all  reagents  used  for  this  work.  The  reagents  are 
arsenic-free  if  no  stain  is  produced  on  mercuric  chloride  paper  after  forty-five 
minutes'  test. 

Special  Apparatus.  The  illustration,  Fig.  6  (page  46),  shows  the 
Gutzeit  apparatus  connected  up,  ready  for  the  test.  The  dimensions  on  the 
left-hand  side  are  for  the  small  apparatus  and  those  on  the  right  for  the  large 
form.  Rubber  stoppers  connect  the  tubes  to  the  bottle.  The  apparatus  con- 
sists of  a  wide-mouth  2-oz.  or  8-oz.  bottle  according  to  whether  the  small  or 
large  apparatus  is  desired,  two  short  glass  tubes  containing  dry  lead  acetate 
paper  and  moist  glass  wool  for  removal  of  traces  of  hydrogen  sulphide  and  a 
small-bore  tube  containing  the  strip  of  mercuric  chloride  paper. 

Preparation  of  the  Sample 

The  initial  treatment  of  the  sample  is  of  vital  importance  to  the  Gutzeit 
Method  for  determining  traces  of  arsenic.  The  following  procedures  cover 
the  more  important  materials  or  substances  in  which  the  chemist  will  be  called 
upon  to  determine  minute  amounts  of  arsenic. 

Traces  of  Arsenic  in  Acids.  The  acid  placed  in  the  Gutzeit  apparatus 
should  be  equivalent  to  4.2  grams  of  sulphuric  acid  or  3.1  grams  of  hydrochloric 
acid  and  should  contain  0.05  to  0.1  gram  FesOs  equivalent.  If  large  samples 
are  required  for  obtaining  the  test  it  is  necessary  either  to  expel  a  portion  of 
the  acid  in  order  to  obtain  the  above  acidity  or  to  make  standard  stains  under 
similar  conditions  of  acidity.  It  must  be  remembered  that  arsenous  chloride 
is  readily  volatile,  whereas  the  arsenic  chloride  is  not,  hence  it  is  necessary  to 
oxidize  arsenic  before  attempting  to  expel  acids.  If  nitric  acid  or  bromine  or 
chlorine  (chlorate)  be  added  for  this  purpose,  it  must  be  expelled  before  attempting 
the  Gutzeit  test.  Nitric  acid  may  be  expelled  by  adding  sulphuric  acid  and 
taking  to  SOi  fumes.  Free  chlorine,  bromine,  or  iodine  will  volatilize  on 
warming  the  solution.  Chlorine  in  a  chlorate  is  expelled  by  taking  the  sample 
to  near  dryness  in  presence  of  free  acid.  Sulphurous  acid  or  hydrogen  sul- 
phide, if-  present,  should  be  oxidized  by  addition  of  potassium  permanganate' 
in  slight  excess  (faint  pink  color)  the  excess  destroyed  by  a  drop  or  so  of  oxalic 
acid.    SOi  is  reduced  by  zinc  and  hydrogen  to  H2S,  which  forms  black  HgS 
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with  mercuric  chloride,  hence  oxidation  of  SOs  and  E.S  are  necessary  before 
running  the  test. 

Sulphttric  Acid.  With  amounts  of  arsenic  exceeding  0.00005%  AstOs,  5 
to  10  grams  of  acid,  according  to  its  strength,  are  taken  for  analysis  and  diluted 
to  15  or  20  cc.  If  HsS  or  SOt  are  present,  potassium  permanganate  solution 
is  added  until  a  permanent  pink  color  is  obtained  and  the  excess  destroyed  by 
a  drop  or  so  of  oxalic  acid.  In  mixed  acid  containing  nitric  acid  the  sample 
is  taken  to  SOs  fumes  to  expel  nitric  acid.  The  procedure  given  later  for  the 
regular  determination  is  now  followed. 

For  estimating  very  minute  amounts  of  arsenic,  0.000005  to  0.00005%  AsjO*, 
it  is  necessary  to  take  a  25-  to  50-gram  sample  for  analysis.  The  acid  is  treated 
as  directed  above  for  removal  of  HjS  or  SOi  or  nitric  acid  and  diluted  in  the 
Gutzeit  apparatus  to  at  least  130  cc,  using  the  large  apparatus.  Upon  the 
addition  of  iron  and  stannous  chloride  as  directed  in  the  procedure  the  run 
is  made  with  25  pieces  of  zinc.  The  stains  are  compared  with  standard  stains 
produced  by  known  amounts  of  arsenic  added  to  50-gram  portions  of  arsenic- 
free  sulphuric  acid  of  strength  equal  to  that  of  the  sample.  The  stains  are  longer 
and  less  intense  than  those  produced  by  less  acid. 

Hydrochloric  Acid.  Twenty  cc.  is  taken  for  analysis  (sp.gr.  being  known); 
the  sample  should  contain  an  acid  equivalent  of  about  3.1  grams  of  hydrochloric 
acid.  Chlorine  is  expelled  by  bubbling  air  through  the  acid  before  taking  a 
sample.  The  procedure  is  given  for  further  treatment  of  the  sample  following 
the  section  on  preparation  of  the  sample. 

Nitric  Acid.  One  hundred  cc.  of  the  acid  (sp.gr.  being  known)  is  evap- 
orated with  5  cc.  of  concentrated  sulphuric  acid  to  S0|  fumes,  to  expel  nitric 
acid.    Arsenic  is  determined  in  the  residue  by  the  standard  procedure. 

Iron  Ores,  Pyrites,  Burnt  Pyrites,  Cinders,  etc.  One  gram  of  the  finely 
ground  ore  is  oxidized  by  treating  with  5  cc.  of  a  mixture  of  2  parts  liquid 
bromine  and  3  parts  of  carbon  tetrachloride.  After  fifteen  minutes,  10  cc.  of 
concentrated  nitric  acid  are  added  and  the  mixture  taken  to  dryness.  Five  cc. 
of  concentrated  sulphuric  acid  (95%)  are  added  and  the  mixture  taken  to  SO» 
fumes  to  expel  the  nitric  acid.  The  cooled  sample  is  taken  up  with  50  cc.  of 
water  and  digested  until  all  of  the  iron  sulphate  has  dissolved;  it  is  now  washed 
into  a  100-cc.  flask,  made  to  volume,  and  arsenic  determined  in  an  aliquot  portion 
in  the  usual  way,  given  later.  Insoluble  FcaOs,  briquettes,  etc.,  is  b^t  dis- 
solved by  fusion  with  potassium  bisulphate,  KHSO*.  The  fused  mass  is  dis- 
solved in  warm  dilute  hydrochloric  acid,  and  then  washed  into  the  Gutzeit 
bottle. 

Altunlna  Ores.  Bauxite.  One  gram  of  bauxite  is  treated  with  one  part 
of  concentrated  nitric  acid  and  6  parts  of  concentrated  hydrochloric  acid,  and 
taken  to  dryness  on  the  water  bath.  The  residue  is  taken  up  with  an  equiv- 
alent of  4.7  grams  of  hydrochloric  acid  or  6.3  grams  of  sulphuric  acid  in  a 
volume  of  25  cc.  and  the  mix  heated  until  the  material  has  dissolved.  The 
sample  is  diluted  to  exactly  100  cc.  and  arsenic  determined  on  an  aliquot 
portion. 

Phosphates,  Phosphoric  Acid.  Arsenic,  in  phosphoric  acid,  combined  or 
free,  cannot  be  determined  in  the  usual  way,  as  PaOs  has  a  retarding  effect 
upon  the  evolution  of  arsine,  so  that  the  results  are  invariably  low,  and  small 
amounts  of  arsenic  escaping  detection.  Arsenic,  however,  may  be  volatilized  from 
phosphates   and  phosphoric  acid,  as  arsenous  chloride,  AsCU,  in  a  current  of 
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hydrogien  chloride  by  heating  to  boiling.  One  gram  or  more  of  the  phosphate 
is  placed  in  a  small  distilling  flask,  connected  directly  to  a  6-in.  coil  condenser 
dipping  into  the  Gutzeit  bottle,  containing  20  to  30  cc.  of  cold  distilled  water. 
A  second  bottle  connected  in  series  may  be  attached  for  safeguarding  loss  (this 
seldom  occurs).  Fifty  cc.  of  concentrated  hydrochloric  acid  are  added  to  the 
sample  and  5  grams  of  cuprous  chloride.  Arsenic  is  distilled  into  the  Gutzeit 
bottle  by  heating  the  solution  to  boiling  and  passing  a  current  of  air  through 
strong  hydrochloric  acid  into  the  distilling  flask  by  applying  suction  at  the  re- 
ceiving end  of  the  system.  All  of  the  arsenic  will  be  found  in  the  first  10  or  15 
cc.  of  the  distillate.  Arsenic  may  now  be  evolved  after  addition  of  iron,  stannous 
chloride  and  zinc,  as  directed  in  the  procedure. 

SaltSi  Sodium  Chloride,  Magnesium  Sulphate,  etc.  One-gram  samples 
are  taken  and  dissolved  in  a  little  water  and  an  equivalent  of  6.3  grams 
of  sulphuric  acid  added.  The  solution  of  iron  and  stannous  chloride  having 
been  added,  the  run  is  made  with  25  pieces  of  zinc,  placed  in  the  Gutzeit 
bottle. 

Baking  Powder,  Other  than  Phosphate  Baking  Powder.  A  ten-gram 
sample  is  heated  with  10  cc.  hydrochloric  acid,  10  cc.  of  ferric  ammonium  alum 
and  30  cc.  of  distilled  water,  until  the  starch  hydrolyzes.  0.5  cc.  of  stannous 
chloride  is  added  to  the  hot  solution  and  the  mixture  washed  into  the  Gutzeit 
apparatus.  Twenty-five  pieces  of  zinc  are  added  and  the  arsenic  determined  as 
usual. 

Phosphate  Baking  Powders.  Ten  grams  of  the  material  mixed  to  a  paste 
with  about  50  cc.  of  hydrochloric  acid  are  transferred  to  a  small  distilling  flask 
with  a  few  cc.  of  HCl.  A  tube,  connected  to  a  bottle  of  strong  hydrochloric 
acid,  passes  into  the  mixture  in  the  flask  through  a  ground  glass  stopper.  The 
flask  is  attached  to  a  tube,  which  dips  into  water  in  a  Gutzeit  bottle.  Two 
grams  of  cuprous  chloride  are  added,  the  apparatus  made  tight  and  the  flask 
immersed  in  boiling  hot  water.  By  aspirating  air  through  the  system  into  the 
Gutzeit  bottle,  which  is  water  cooled,  arsenic  dbtills  into  the  bottle  and  may  be 
determined  by  the  procedure  outlined. 

Arsenic  in  Organic  Matter,  Canned  Goods,  Meat,  etc.  The  finely  chopped, 
well-mixed  sample  is  placed  in  a  large  flask  and  enough  water  added  to  pro- 
duce a  fluid  mass.  An  equal  quantity  of  concentrated  hydrochloric  acid  and 
1  to  2  grams  of  potassium  chlorate  are  added.  The  flask  is  shaken  to  mix  the 
material  and  it  is  then  placed  on  the  steam  bath.  Upon  becoming  hot,  nascent 
chlorine  is  evolved  and  vigorously  attacks  the  organic  matter.  Half-gram 
portions  of  potassium  chlorate  are  added  at  five-minute  intervals,  shaking  the 
flask  frequently.  When  the  organic  material  has  decomposed  and  the  solution 
becomes  a  pale  yellow  color,  the  mass  is  diluted  with  water  and  filtered.  Arsenic 
will  be  found  in  the  filtrate.  A  white,  amorphous  substance  generally  remains 
on  the  filter,  when  cadaver  is  being  examined.  The  filtrate  is  diluted  to  a 
given  volume  and  an  aliquot  portion  taken  for  analysis.  This  is  evaporated  to 
near  dryness  to  expel  excess  of  acid  and  decompose  chlorates.  An  equivalent 
of  4.7  grams  of  hydrochloric  acid  is  added  (three  times  this  amount  for  the 
large  apimratus),  the  volume  of  the  solution  made  to  about  30  cc,  10  cc.  of  ferric 
ammonium  alum  and  0.5  cc.  of  stannous  chloride  added,  and  the  solution  poured 
into  the  Gutzeit  apparatus  for  the  test  as  given  below. 
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L0M3e  Apparatus 

1.5  mm.  Bon 
Constricted 
12  cm.  from 
Upper  End. 


6  cm.  X  /,Scm. 


Procedure  for  Making  the  Test 

For  amounts  of  arsenic  varying  from  0.001  milligram  to  0.02  milligram 
AsiOs,  the  small  apparatus  is  used.  The  volume  of  the  solution  should  be  50  cc. 
It  should  contain  an  equivalent  of  4.2  to  6.3  grams  sulphuric  acid  and  should 

have  about  0.1  gram  equivalent  of  FejOj  re- 
duced by  0.5  cc.  of  stannous  chloride  solution. 
Arsine  is  generated  by  adding  12  to  25  pieces  of 
zinc. 

For  amounts  ranging  from  0.02  to  0.5  milli- 
gram AssOs,  the  large  apparatus  is  used.  The 
volume  of  the  solution  should  be  about  200  cc. 
and  should  contain  an  equivalent  of  18.5  grams 
of  sulphuric  acid  and  should  have  0.1  gram 
equivalent  of  FcjOi,  reduced  by  0.5  cc.  stannous 
chloride  solution.  Arsine  is  generated  by  adding 
25  to  40  pieces  of  arsenic-free  zinc.  The  tem- 
perature should  be  105^  F.  The  sample  taken 
should  be  of  such  size  that  a  stain  is  obtained 
equivalent  to  that  given  by  0.1  to  0.5  milligram 

ASjOa. 

Lead  acetate  paper  is  placed  in  the  tube  next 
to  the  bottle;  the  middle  tube  (see  Fig.  6)  con- 
tains glass  wool  moistened  with  lead  acetate 
solution;  the  upper  tube  contains  the  test  strip 
of  mercuric  chloride  paper.  Immediately  upon 
adding  the  required  amount  of  zinc  to  the  solu- 
tion in  the  bottles,  the  connected  tubes  are  put 
in  position,  as  shown  in  the  illustration,  and 
the  bottle  gently  shaken  and  allowed  to  stand 
for  thirty  minutes  for  the  small  apparatus,  forty 
minutes  for  the  large.  The  test  paper  is  removed, 
dipped  in  molten  paraffine  and  compared  with  the 
standard  stains.    See  Plate  I. 

Estimation  of  Per  cent. 


Small  Apporatus 

lOcm.hnqx 
4  mm.  Bore        "* 
Conztricted 
6  cm.  from 
Upper  End. 


Strip  HgOi 
Paper  in  Tube 


5cm.  X  1.25  cm. 

Moistened  "* 
with  Lead 
Acetafe 
Solution 

7cm.  X  1. 25  cm. 
Dry  Lead 


/ 


9  cm.  X  1. 5  cm. 
Acetate  fbper. 


2-02.  Bottfe 
60cc.,  ior 
Tists  of 

ASnOj 

tielow 
0.05 mq. 


a    9     ■»   t    t 


d-oz.Boftk 
250cc.,  for 
Te5t5  of 
AS,0, 
over  0.05 m^. , 


Fig.  6. — Gutzeit  Apparatus  for 
Arsenic  Determination. 


The  milligram  AsiOs  stain  X 100 

■    t — 

Weight  of  sample  taken 


=  %  ASjOa. 


Notes.  Ferrous  iron  prevents  polarization  between  zinc  and  the  acid  and  henoe 
aids  in  the  evolution  of  arsine. 

In  the  analysis  of  baking  powders,  bauxite,  sodium  or  similar  salts,  additional 
zinc — ^25  pieces,  and  additional  acid,  6.3  grams  sulphuric  acid  equivalent,  are  required. 

Hydrochloric  acid  is  used  in  place  of  sulphuiic  acid  in  cases  where  complete 
solution  by  the  latter  acid  cannot  be  effected. 

Standards  and  samples  should  be  run  under  similar  conditions,  temperature, 
acidity,  amount  of  zinc,  volume  of  solution,  etc. 
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METHOD  FOR  ANALYSIS  OF  COMMERCIAL  "ARSENIC/^ 

ARSENOUS  OXIDE,  AS2O3 

The  following  constituents  may  be  commonly  present  as  impurities,  SiOi, 
SbiO,,  Fe,0,,  XiO,  CoO,  CaO,  SO,,  Cu,  Pb,  and  Zn. 

Determination  of  Moisture 

Two  10-gram  samples  are  dried  to  constant  weight  in  the  oven  at  100®  C- 
Loss  in  weight  ="  moisture. 

Sulphuric  Acid,  H2SO4 

The  samples  from  the  moisture  determination  are  dissolved  in  concentrated 
hydrochloric  acid,  heating  to  boiling  if  necessary,  and  the  samples  diluted  to 
900  to  400  cc.  Barium  chloride  solution  is  added  in  slight  excess  to  the  hot 
solution,  the  precipitate,  BaS04,  allowed  to  settle  and  filtered  and  the  sulphate 
dried  and  ignited  as  usual. 

BaSO4X0.343=SO,. 

Determination  of  Arsenic  as  AS2O3 

Duplicate  5-gram  samples  are  dissolved  in  20  grams  potassium  carbonate 
in  60  cc.  of  hot  water,  by  boiling  until  solution  is  effected.  The  samples  are 
made  up  to  1  hter  and  aliquots  of  100  cc.  ( =0.5  gram)  taken  for  analysis.  The 
solution  is  made  faintly  acid  with  hydrochloric  acid,  testing  the  solution  with 
litmus  paper  or  by  adding  methyl  orange  directly  to  the  solution.  An  excess 
of  bicarbonate  is  added  and  the  arsenic  titrated  with  tenth-normal  iodine 
according  to  the  standard  procedure  for  arsenic.  One  cc.  N/10  I ». 004948 
gram  AsiOi. 

Residue  upon  Sublimation  of  AS2O3.    Si02,  Pb,  Cu,  Fe203,  NiO, 

CoO,  Zh 

Two  5-gram  samples  are  weighed  into  tared  porcelain  crucibles  and  heated 
gently  on  sand  baths  with  the  sand  banked  carefully  around  the  crucible  so 
as  to  heat  the  entire  receptacle.  After  the  greater  part  of  the  arsenous  oxide 
has  volatilized,  the  crucible  is  ignited  directly  in  the  flame  to  a  dull  red  heat, 
until  fumes  are  no  longer  given  off.  The  residue  is  weighed  as  total  non-sub- 
limable  residue. 

Silica 

The  residues  are  transferred  to  beakers  and  treated  with  aqua  regia,  taken 
to  dryness,  and  the  silica  dehydrated  at  110®  C.  for  an  hour  or  more.  The 
residue  is  taken  up  with  hot  dilute  hydrochloric  acid,  boiled,  and  the  silica 
filtered  off,  ignited,  and  weighed. 

Lead  and  Copper 

The  filtrate  from  the  silica  is  **  gassed  "  with  HsS  and  the  precipitate  filtered 
off.  The  filtrate  is  put  aside  for  determination  of  iron,  etc.  The  precipitate  is 
dissolved  in  hot  dilute  nitric  acid,  2  to  3  cc.  of  concentrated  sulphuric  acid  added. 
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the  solution  taken  to  SOs  fumes,  the  cooled  concentrate  diluted  to  20  or  30 
and  the  lead  sulphate  filtered  off,  ignited,  and  weighed  as  PbSOi. 

The  filtrate  from  the  lead  sulphate  containing  the  copper  is  treated 
aluminum  powder  and  the  copper  thrown  out  of  solution;  the  excess  of 
num  is  dissolved  with  a  few  cc.  of  hydrochloric  acid.    The  filtrate  should 
tested  for  copper  with  H2S  and  the  precipitate  added  to  the  copper 
out  by  the  aluminum.    The  copper  on  the  filter  is  dissolved  in  hot  dilute 
acid,  the  extract  evaporated  to  2  or  3  cc,  the  acid  neutralized  with 
and  then  made  acid  with  acetic,  potassium  iodide  added  and  the  liberated  u 
titrated  with  standard  thiosulphate  solution  according  to  the  regular  scbeme 
copper. 

Iron,  Nickel,  Cobalt,  and  Zinc 

The  filtrate  from  the  H^S  Group  is  boiled  to  expel  the  HjS  and  the  inm 
oxidized  by  addition  of  nitric  acid  and  boiling.  The  iron  (and  alumina)  a 
precipitated  with  anmaonium  hydroxide  and  the  precipitate  filtered  oflf  and 
washed  several  times  with  hot  water.  If  alumina  is  suspected  (light-colored 
precipitate)  it  may  be  determined  by  the  difference  method — ignition  of  the 
precipitate,  weighing,  and  finally  subtracting  the  iron  found  by  titration  with 
standard  stannous  chloride  solution.  The  iron  is  dissolved  in  hydrochloric  add 
and  titrated  hot  with  stannous  chloride  solution. 

The  filtrate  from  the  iron  is  boiled  and  a  1%  alcoholic  solution  of  dimethyl- 
glyoxime  added  to  precipitate  the  nickel.  The  salt  is  filtered  on  a  tared 
Gooch,  the  precipitate  dried  at  100®  C,  and  weighed.  The  weight  of  the 
salt  X  0.2032  =Ni. 

The  filtrate  from  the  nickel  is  boiled  until  all  the  alcohol  has  been  driven  : 
off  and  the  cobalt  precipitated  by  addition  of  sodium  hydroxide  in  excess 
filtered,  ignited,  and  weighed  as  CoO. 

The  filtrate  is  made  acid  with  hydrochloric  acid,  and  then  alkaline  with 
anmionium  hydroxide  and  colorless  sodium  sulphide  solution  added  to  pre- 
cipitate the  zinc.  The  mixture  is  boiled  five  to  ten  minutes,  the  precipitated 
ZnS  allowed  to  settle,  filtered  off,  and  washed  once  or  twice  and  then  dissolved 
in  hydrochloric  acid  and  the  zinc  determined  by  titration  directly  with  potasshim 
ferrocyanide,  or  by  converting  to  the  carbonate  by  addition  of  potassium  ca^ 
bonate,  filtered  and  washed  free  of  alkali,  the  precipitate  dissolved  in  a  knoim 
amount  of  standard  acid,  and  the  excess  acid  titrated  with  standard  caustie 
(methyl  orange  indicator)  according  to  the  procedure  given  for  zinc 
H2SO4X  0.06665  =Zn. 

Antimony  and  Calcium  Oxides 

Two  15-gram  samples  are  treated  with  300  cc.  of  concentrated  hydrochloric 
acid,  boiled  down  to  50  cc.  to  expel  the  arsenic  as  AsCl»,  an  equal  amount 
of  concentrated  hydrochloric  acid  is  added,  and  the  last  traces  of  arsenic  pre- 
cipitated by  H2S  passed  into  the  hot  concentrated  hydrochloric  acid  solution. 
Tlie  arsenous  sulphide,  As^Sa,  is  filtered  ofif.  Antimony  is  precipitated  by  dilut- 
ing the  solution  with  an  equal  volume  of  water,  the  solution  having  been  concen- 
trated by  boiling  down  to  about  50  cc.  The  SbiSj  is  filtered  off,  washed  several 
times  with  hot  water,  dissolved  by  washing  through  the  filter  with  concentrated 
hydrochloric  acid,  and  antimony  determined  in  the  strong  hydrochloric  aciii 
solution  by  the  potassium  bromate  method — addition  of  methyl  orange  indicatoi 
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and  titration  with  standard  potassium  bromate  added  to  the  hot  solution  to  the 
disappearance  of  the  pink  color  of  the  indicator. 

The  filtrate  from  the  antimony  is  concentrated,  made  slightly  alkaline  with 
ammonium  hydroxide,  and  gased  with  hydrogen  sulphide  to  remove  iron,  nickel, 
cobalt,  zinc,  chromium,  and  last  traces  of  lead,  etc.  The  filtrate  is  then  con- 
centrated and  made  acid  with  crystals  of  oxalic  acid,  boiled  and  methyl  orange 
added  and  then  ammonia  drop  by  drop  slowly  until  the  iadicator  changes  to 
an  orange  color.  An  excess  of  ammonium  oxalate  is  now  added  and  the  beaker 
placed  on  the  steam  bath  until  the  calcium  oxalate  has  settled.  The  lime  is 
now  determined  by  filtering  off  the  precipitate  and  washing,  drying  and  igniting 
to  CaO,  or  by  titration  with  standard  permanganate,  according  to  the  regular 
procedure  for  calcium. 

The  author  wishes  to  acknowledge  the  assistance  received  from  Mr.  J.  P.  Kelly  and 
Dr.  F.  £.  Hale  by  review  and  criticism  of  this  chapter. 
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BARIUM 

Wilfred  W.  Scott 

Ba,  at.wt.  137.37;  sp.gr.  3.78;  m.p.  8W  C;  volatile  at  OW  C;  axitkt, 

BaO,  BaOs. 

DETECTION 

Barium  is  precipitated  as  the  carbonate  together  with  strontium  and  cal- 
cium; by  addition  of  ammonium  hydroxide  and  anunonium  carbonate  to  the 
filtrate  of  the  ammonium  sulphide  group.  It  is  separated  from  strontium 
and  calcium  by  precipitation  as  yellow  barium  chromate^  BaCrO*,  from  a  slightly 
acetic  acid  solution. 

Saturated  solutions  of  calcium  or  strontium  sulphates  precipitate  white 
barium  sulphate,  BaS04,  from  its  chloride  or  nitrate  or  acetate  solution,  barium 
sulphate  being  the  least  soluble  of  the  alkaline  earth  sulphates. 

Soluble  chromates  precipitate  yellow  barium  chromate  from  its  neutnl 
or  slightly  acetic  acid  solution,  insoluble  in  water,  moderately  soluble  in  chromie 
acid,  soluble  in  hydrochloric  or  nitric  acid. 

Fluosilicic  add,  HtSiFe,  precipitates  white,  crystalline  barium  fluosilicate, 
BaSiFe,  sparingly  soluble  in  acetic  acid,  insoluble  in  alcohol.  (The  fluosilicates 
of  calcium  and  strontium  are  soluble.) 

Flame.  Barium  compounds  color  the  flame  yellowish  green,  which  appean 
blue  through  green  glass. 

Spectrum.^    Three  characteristic  green  bands  (a,  /3,  7). 

Barium  sulphate  is  precipitated  by  addition  of  a  soluble  sulphate  to  a  solu- 
tion of  a  barium  salt.  The  compound  is  extremely  insoluble  in  water  and 
in  dilute  acids  (soluble  in  hot  concentrated  sulphuric  acid).  The  sulphate  is 
readily  distinguished  from  lead  sulphate  by  the  fact  that  the  latter  is  soluUe 
in  ammonium  salts,  whereas  barium  sulphate  is  practically  insoluble. 

ESTIMATION 

The  determination  of  barium  is  required  in  the  valuation  of  its  ores,  barite> 
heavy  spar,  BaSO^;  witherite,  BaCO»;  baryto  calcite,  BaCO»CaCOa.  It  is  de- 
termined in  certain  white  mixed  paints  and  colored  pigments,  Venetian,  Ham- 
burg or  Dutch  whites,  chrome  paints,  etc.  In  analysis  of  Paris  green,  baiyta 
insecticides,  putty,  asphalt,  dressings  and  pavement  surfacings.  It  may  be 
found  as  an  adulterant  in  foods,  wood  preservatives,  filler  in  rubber,  rope, 
fabrics.  It  is  determined  in  salts  of  barium.  The  nitrate  is  used  in  pyro- 
techny,  in  mixtures  for  green  fire. 

Preparation  and  Solution  of  the  Sample 

Compounds  of  barium,  with  the  exception  of  the  sulphate,  BaSOi)  are  sol- 
uble in  hydrochloric  and  nitric  acids.    The  sulphate  is  soluble  in  hot  concen- 

^  See  Prcliininar>'  Teats  under  Separations. 
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trated  sulphuric  acid,  but  is  reprecipitated  upon  dilution  of  the  solution.  The 
sulphate  is  best  fused  with  sodium  carbonate,  which  transposes  the  compound 
to  barium  carbonate;  sodium  sulphate  may  now  be  leached  out  with  water  and 
the  residue,  BaCOa,  then  dissolved  in  hydrochloric  acid. 

Solution  of  Ores.  Sulphates.  0.5  to  1  gram  of  the  finely  divided  ore  is 
fused  with  3  to  5  grams  of  sodium  and  potassium  carbonate  mix,  2:1,  or 
sodium  carbonate  alone,  in  a  platinum  dish.  (Prolonged  fusion  is  not  nec- 
essary.) The  melt  is  cooled  and  then  extracted  with  hot  water  to  dissolve 
out  the  alkali  sulphates.  Barium  carbonate,  together  with  the  other  insoluble 
carbonates,  may  now  be  dissolved  by  hot  dilute  hydrochloric  acid.  From  this 
solution  barium  may  be  precipitated  by  addition  of  sulphuric  acid.  If  it  is 
desired  to  separate  barium  along  with  strontium,  calcium,  and  magnesium, 
the  members  of  the  preceding  groups  are  removed  by  HjS  in  acid  and  in  ammo- 
niacal  solution,  as  directed  under  '^  Separations." 

Sulphides.  The  ore  is  oxidized,  as  directed  for  pyrites  under  the  subject 
of  sulphur.  After  the  removal  of  the  soluble  sulphates,  the  residue,  containing 
silica,  banum,  and  small  amounts  of  insoluble  oxides,  is  fused  and  dissolved 
according  to  the  procedure  for  sulphates. 

Carbonates.  In  absence  of  sulphates  the  material  may  be  dissolved  with 
hydrochloric  acid,  taken  to  dryness  to  dehydrate  silica  and  after  heating  for 
an  hour  in  the  steam  oven  (110°d:)  the  residue  is  extracted  with  dilute  hydro- 
chloric acid  and  filtered.  The  filtrate  is  examined  for  barium  according  to 
ope  of  the  procedures  given  later. 

Salts  Soluble  in  Water.  Nitrates,  chlorides,  acetates,  etc.,  are  dissolved 
•with  water  slightly  acidulated  with  hydrochloric  acid. 

Material  Containing  Organic  Matter.  The  substance  is  roasted  to  destroy 
organic  matter  before  treatment  with  acids  or  by  fusion  with  the  alkali  carbonates. 

The  Insoluble  Residue  remaining  from  the  acid  treatment  of  an  ore  may 
contain  barium  sulphate  in  addition  to  silica,  etc.  The  filter  containing  this 
residue  is  burned  and  the  ash  weighed.  Silica  is  now  volatilized  by  addition 
of  hydrofluoric  acid  with  a  few  drops  of  sulphuric  acid,  and  evaporation  to 
dryness.  If  an  insoluble  substance  still  remains  after  taking  up  the  remaining 
residue  with  dilute  hydrochloric  acid,  barium  sulphate  is  indicated.  This  is 
treated  according  to  the  method  given  for  sulphates. 

Note.  The  insoluble  substance  remaining  is  frequently  ignited  and  weighed  as 
barium  sulphate  without  fusion  with  the  carbonate. 

SEPARATIONS 

The  Alkaline  Earths 

Preliminary  Considerations.  In  the  determination  of  barium,  calcium; 
and  strontium,  the  following  causes  may  lead  to  loss  of  the  elements  sought: 

a.  Presence  of  Phosphates,  Phosphoric  acid,  free  or  combined,  has  a  decided 
influence  upon  the  determination  of  the  members  of  this  group.  Combined 
as  phosphate  it  will  cause  the  complete  precipitation  of  barium,  calcium,  and 
strontium,  along  with  iron,  alumina,  etc.,  upon  making  the  solution  alkaline 
for  removal  of  the  funmonium  sulphide  group.  It  is  a  common  practice  to 
hold  up  the  iron+alumina  by  means  of  tartaric,  citric,  or  other  organic  acids 
before  making  ammoniacal  for  precipitation  of  this  group  as  oxalates,  or  again 
the  basic  acetate  method  is  used  for  precipitation  of  iron  and  alumina;  calcium, 
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barium,  and  strontium  going  into  solution.  These  procedures  may  be  satis- 
factory for  the  analysis  of  phosphate  rock  and  similar  products,  but  do  not  cope 
with  the  difficulty  when  large  amounts  of  phosphates  are  present.  In  samples 
containing  free  phosphoric  acid,  barium,  calcium,  and  strontium,  present  in 
small  amounts,  may  remain  in  solution  in  presence  of  sulphates  or  oxalates. 
Appreciable  amounts  of  calcium,  1%  or  more,  may  escape  detection  by  the 
usual  method  of  precipitation  by  anmionium  oxalate  added  to  the  alkaline 
solution,  on  account  of  this  interference,  so  that  the  removal  of  phosphoric  acid 
before  precipitation  of  this  group  is  frequently  necessary.  This  may  be  ac- 
complished by  addition  of  potassium  carbonate  in  sufficient  excess  to  combine 
completely  with  the  phosphoric  acid  and  form  carbonates  with  the  bases.  The 
material  taken  to  diyness  is  fused  with  additional  potassium  carbonate  in  an 
iron  crucible,  and  the  fusion  leached  with  hot  water — sodium  phosphate  dis- 
solves and  the  carbonates  of  the  heavy  metals  remain  insoluble. 

6.  Another  source  of  loss  is  the  presence  of  sulphates,  either  in  the  original 
material  or  by  intentional  or  accidental  addition,  in  the  latter  case  due  to  the 
oxidation  of  hydrogen  sulphide,  which  has  been  passed  into  the  solution  during 
the  removal  of  elements  of  the  hydrogen  sulphide  and  ammonium  sulphide 
groups,  barium  and  strontium  sulphate  being  precipitated  along  with  these 
members.  A  potassimn  carbonate  fusion  will  form  NaaSO^,  which  may  be 
leached  out  with  water. 

c.  Loss  may  be  caused  by  occlusion  of  barium,  calcium,  strontium,  and  mag- 
nesium by  the  gelatinous  precipitates  Fe(0H)3,  Al(0H)3,  etc.  A  double  precipita- 
tion of  these  compounds  should  be  made  if  considerable  amounts  are  present. 

d.  A  large  excess  of  ammonium  salts,  which  accumulate  during  the  pre- 
liminary separations,  will  prevent  precipitation  of  the  alkaline  earths.  This 
can  be  avoided  by  using  the  necessary  care  required  for  accurate  work,  the 
addition  of  reagents  by  means  of  burettes  or  according  to  definite  measure- 
ments in  graduates,  etc.  Careless  addition  of  large  amounts  of  ammonium 
hydroxide  and  hydrochloric  acid  should  be  guarded  against.  In  case  large 
amounts  of  ammonium  chloride  are  present,  time  is  frequently  saved  by  a 
repetition  of  the  separations.  Ammonium  chloride  may  be  expelled  by  heating 
the  material,  taken  to  drjrness  in  a  large  platinum  dish,  the  ammonium  salts 
being  volatilized. 

e.  Carbon  dioxide  absorbed  by  ammonium  hydroxide  from  the  air  will 
precipitate  the  alkaline  earths  with  the  ammonium  sulphide  group. 

Direct  Precipitation  on  Original  Sample.  For  the  determination  of 
barium,  calcium,  and  strontium,  it  is  advisable  to  take  a  fresh  sample,  rather 
than  one  that  has  been  previously  employed  for  the  estimation  of  the  hydrogen 
sulphide  and  ammonium  sulphide  groups,  as  is  evident  from  the  statements 
made  above.  The  alkaline  earths  are  isolated  by  being  converted  to  the  insol- 
uble sulphates  and  separations  effected  as  given  later  under  Sulphate  Method. 

Preliminary  Tests.  Much  time  may  be  saved  by  making  ^  preliminary' 
test  for  barium,  strontium,  and  calcium  by  means  of  the  spectroscope  and 
avoiding  unnecessary  separations.  By  this  means  one-thousandth  of  a 'milli- 
gram of  barium,  six  hundred-thousandths  of  a  milligram  of  strontimn  or  calcium 
may  be  detected.  The  characteristic  spectra  of  these  elements  are  given  in 
the  chart.    Plate  II. 

By  means  of  the  spectroscope  with  the  use  of  the  ordinary  Bunsen  flame 
0.2  milligram  of  calcium,  0.6  milligram  of  strontium  and  14  milligrams  of  barium 
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may  be  detected  per  cc.  The  test  is  very  much  more  delicate  by  the  arc  spectra 
method.^  The  liquid  containing  the  substance  is  connected  to  the  positive 
pole  and  an  iridium  needle  is  connected  by  means  of  an  adjustable  resistance 
of  300  to  500  ohms  to  the  negative  pole.  An  E.M.F.  of  100  to  200  volts  and 
1  ampere  current  are  required.  By  the  arc  it  is  possible  to  detect  0.002  milli- 
gram of  calcium,  0.003  milligram  of  strontium,  0.006  milligram  of  barium, 
0.1  milligram  of  magnesium  per  cc.  In  these  concentrations,  calcium  shows 
one  brilliant  line  (423  /im),  a  bright  line  (616  mm)^  and  a  faint  line  between  them; 
strontium  two  bright  lines  (422  and  461  /i/i)  and  two  fairly  bright  lines;  barium 
two  brilliant  lines  (455  and  493  mm);  two  other  bright  lines,  and  a  fairly  bright 
one;  and  magnesium  a  brilliant  band  composed  of  three  lines  (516.8  to  518.4 
mi),  as  well  as  a  fairly  bright  line  further  towards  the  violet  end  of  the  spectrum. 

The  flame  test  may  be  of  value  in  absence  of  sodium;  bariiun  giving  a  green 
flame,  strontium  a  brilliant  scarlet,  and  calcium  an  orange  red. 

Separation  from  Members  of  Previous  Groups.  The  members  of  the 
previous  groups  may  be  removed  by  precipitation  as  sulphides  by  HsS  passed 
into  the  acid  and  then  the  alkaline  solutions,  the  combined  filtrates  concen- 
trated to  about  300  cc.  and  made  slightly  acid  with  hydrochloric  acid.  The  fol- 
lowing procedures  for  isolation  of  barium  from  magnesium  and  the  alkalies 
and  from  members  of  the  alkaline  earth  group  may  be  necessary  before  pre- 
cipitation in  its  final  form.  The  methods  of  separation  will  apply  to  the  analyses 
of  the  elements  mentioned  so  that  the  details  of  procedure  will  not  be  given 
elsewhere. 

Separation  of  the  Alkaline  Earths  from  Magnesium  and  the  Alkalies. 
Two  general  procedures  will  cover  conditions  commonly  met  with  in  analytical 
work: 

A.  Oxalate  Method.  Applicable  in  presence  of  comparatively  large 
portions  of  calcium.  The  acid  solution  containing  not  over  1  gram  of  the 
mixed  oxides  is  brought  to  a  volume  of  350  cc.  and  for  every  0.1  gram  of  mag- 
nesiiun  present  about  1  gram  of  ammonium  chloride  is  added,  unless  already 
present.  Sufficient  oxalic  acid  is  added  to  completely  precipitate  the  barium, 
calcium,  and  strontium.*  (HtCaO^^HjO  =126.04,  Ba  =  137.37,  Ca  =40.07, 
Sr  =87.63.)  The  solution  is  slowly  neutralized  by  addition,  drop  by  drop,  of 
dilute  ammonium  hydroxide  (1  :  10),  methyl  orange  being  used  as  indicator. 
About  i  gram  of  oxalic  acid  is  now  added  in  excess,  the  solution  again  made 
alkaline  with  anunonimn  hydroxide,  and  allowed  to  settle  for  at  least  two  hours. 
The  precipitate  is  filtered  off  and  washed  with  water  containing  1%  anunonium 
oxalate,  faintly  alkaline  with  anunonia. 

The  precipitate  contains  all  the  calcium  and  practically  all  of  the  barium 
and  strontium.  If  Mg  is  present  in  amounts  of  10  to  15  times  that  of  the 
alkaline  earths  a  double  precipitation  is  necessary,  to  remove  it  completely  from 
this  group.  The  oxalates  are  dissolved  in  hydrochloric  acid  and  reprecipi- 
tated  with  anmionium  oxalate  in  alkaline  solution. 

The  filtrate  contains  magnesium  and  the  alkalies.  Traces  of  barium  and 
strontium  may  be  present.  If  the  sample  contains  a  comparatively  large 
proportion  of  barium  and  strontium,  the  filtrate  is  evaporated  to  dryness, 
the  ammonium  salts  expelled  by  gentle  ignition  of  the  residue,  and  the  Ba  and 

»E.  H.  Riesenfeld  and  G.  Pfutzer,  Ber.,  1913,  46,  3140-3144;  Analyst,  1913,  38,  584. 
'  Calcium  and  strontium  will  slowly  precipitate  in  the  oxalic  acid  solution.     Ba 
oxalate  will  precipitate  upon  making  the  solution  alkaline. 
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Sr  recovered  as  sulphates  according  to  the  method  described  below.  Mag- 
nesium is  precipitated  as  magnesium  ammonium  phosphate  from  the  filtrate. 

The  oxalates  of  barium,  calcium,  and  strontium  are  ignited  to  oxides,  in  which 
form  they  may  be  readily  converted  to  chlorides  by  dissolving  in  hydrochlorie 
acid,  or  to  nitrates  by  nitric  acid. 

B.  Sulphate  Method.  Applicable  in  presence  of  comparatively  large  ]»o- 
portions  of  barium,  strontium,  or  magnesium.  The  solution  containing  the 
alkaline  earths,  magnesium  and  the  alkalies  is  evaporated  to  diynen  and 
about  5  cc.  concentrated  sulphuric  acid  added,  followed  by  50  cc.  of  115% 
alcohol.  The  sulphates  ^  of  barium,  calcium,  and  strontium,  are  allowed  to 
settle,  and  then  filtered  onto  an  S.  and  S.  No.  589  ashless  filter  paper  and  washed 
with  alcohol  until  free  of  magnesium  sulphate.  In  presence  of  large  amounti 
of  magnesium  as  in  case  of  anah'^^es  of  Epsom  salts  and  other  magnesium  ealta 
it  will  be  necessary  to  extract  the  precipitate  by  adding  a  small  amount  of  water, 
then  sufficient  95%  alcohol  to  make  the  solution  contain  50%  alcohol  and 
filter  from  the  residue.    Magnesium  is  determined  in  the  filtrate. 

The  residue  containing  barium,  calcium,  and  strontium  as  sulphate  is 
fused  with  10  parts  of  potassium  carbonate  or  sodium  acid  carbonate  until  the 
fusion  becomes  a  clear  molten  mass,  a  deep  platinum  crucible  being  used  for 
the  fusion.  A  platinum  wire  is  inserted  and  the  mass  allowed  to  solidify.  The 
fusion  may  be  removed  by  again  heating  until  it  begins  to  melt  around  the 
surface  next  to  the  crucible,  when  it  may  be  lifted  out  on  the  wire.  The  maas 
is  extracted  with  hot  water  and  filtered,  NasSO^  going  into  the  solution  and 
the  carbonates  of  barium,  strontium,  and  calcium  remaining  insoluble.  The 
carbonates  should  dissolve  completely  in  hydrochloric  acid  or  nitric  acid,  othe^ 
wise  the  decomposition  has  not  been  complete,  and  a  second  fusion  of  this 
insoluble  residue  will  be  neccssar}'. 

Separation  of  the  Alkaline  Earths  from  One  Another.  This  separation 
may  be  effected  by  either  of  the  following  processes: 

1.  Barium  is  separated  in  acetic  acid  solution  as  a  chromate  from  strontium 
and  calcium;  strontium  is  separated  as  a  nitrate  *  from  calcium  in  ether-alcohol 
or  amvl  alcohol. 

2.  The  three  nitrates  are  treated  with  ether-alcohol  in  which  barium  and 
strontium  nitrates  are  insoluble  and  calcium  dissolves;  the  barium  is  now 
separated  from  strontium  by  ammonium  chromate. 

Procedures.  1.  (a)  Separation  of  Barium  from  Strontium  (and  from 
Calcium).  In  presence  of  an  excess  of  anunonium  chromate,  barium  is  pre- 
cipitated from  solutions,  slightly  acid  with  acetic  acid,  as  barium  chromate 
(appreciably  soluble  in  free  acetic  acid),  whereas  strontium  and  calcium  remain 
in  solution. 

The  mixed  oxides  or  carbonates  are  dissolved  in  the  least  amount  of  dilute 
hydrochloric  acid  and  the  excess  of  acid  expelled  by  evaporation  to  near  drjoiess. 
The  rcvsidue  is  taken  up  in  about  300  cc.  of  water  and  5-6  drops  of  acetic  acid 
(sp.gr.  1.065)  together  with  sufficient  anmionium  acetate  (30%  solution)  to 
neutralize  any  free  mineral  acid  present.  The  solution  is  heated  and  an  excess 
of  ammonium  chromate  (10^^',  neutral  soi.) '  added  (10  cc.  usually   sufficient). 

iSolu!)ility  of  BaSO4=0.17  inilliKraru,  CaS04  =  179  milUgram,  SrS04  =  11.4  milli- 
granis  per  KK)  cc.  sol.  cold. 

*  Method  of  Stromayer  and  Rose.     H.  Rose,  Pogg.  Ann.,  110,  292,  (1860). 

'The  solution  is  prepared  by  adding  NHiOH  to  a  solution  of  (NHUiCftOi  until 
yellow.    The  solution  should  be  left  acid  rather  than  alkaline. 
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The  precipitate  of  barium  chromate  is  allowed  to  settle  for  an  hour  and  filtered 
(^  on  a  small  filter  and  washed  with  water  containing  ammonium  chromate 
until  free  o(  soluble  strontium  and  calcium  (test — ^addition  of  NH4OH  and 
(NH4)sC0i  produces  no  cloudiness),  and  then  with  water  until  practically  free  of 
ammonium  chromate  (e.g.,  only  slight  reddish  brown  color  with  silver  nitrate 
solution). 

To  separate  any  occluded  precipitate  of  strontium  or  calciiun  the  filter 
paper  is  pierced  and  the  precipitate  rinsed  into  a  beaker  with  warm  dilute  nitric 
acid  (sp.gr.  1.20)  (2  cc.  usually  are  sufficient).  The  solution  is  diluted  to  about 
200  cc.  and  boiled.  About  5  cc.  of  ammonium  acetate,  or  enough  to  neutralize 
the  free  HNO3,  are  added  to  the  hot  solution  and  then  sufficient  ammonimn 
chromate  to  neutralize  the  free  acetic  acid,  10  cc.  usually  sufficient.  The  washing, 
as  above  indicated,  is  repeated.  Barium  is  completely  precipitated  and  may 
be  determined  either  as  a  chromate  or  a  sulphate  or  by  a  volumetric  pro- 
cedure. Strontium  and  calcium  are  in  the  filtrates  and  may  be  separated  as 
follows: 

(b)  Separation  of  Strontium  from  Calcium.  The  method  depends  upon 
the  insolubility  of  strontium  nitrate  and  the  solubOity  of  calcium  nitrate  in 
a  mixture  of  ether-alcohol,  1:1. 

Solubility  of  SrNO,  =  l  part  SrNO,  in  60,000  parts  of  the  mixture.  Ca 
easily  soluble. 

If  the  solution  is  a  filtrate  from  barium,  1  cc.  of  nitric  acid  is  added  and 
the  solution  heated  and  made  alkaline  with  ammonium  hydroxide  followed 
inunediately  with  ammonium  carbonate,  the  carbonates  of  strontium  (together 
with  some  SrCrO*)  and  calcium  will  precipitate.    The  precipitate  is  dissolved 
in  hydrochloric  acid  and  reprecipitated  from  a  hot  solution  with  ammonium 
hydroxide   and   ammonium   carbonate.    The   precipitate,.  SrCOs   and   CaCOs, 
is  washed  once  with  hot  water  and  is  then  dissolved  in  the  least  amount  of 
nitric  acid,  washed  into  a  small  casserole,  evaporated  to  dryness  and  heated 
for  an  hoiur  at  140  to  160®  C.  in  an  oveuy^  or  at  110°  C.  over  night.    The  dry 
mass  is  pulverized  and  mixed  with  10  cc.  of  ether-alcohol  (absolute  alcohol,  one 
part,  ether-anhydrous,  one  part).    Several  extractions  are  thus  made,  the  extracts 
being  decanted  off  into  a  flask.    The  residue  is  again  dried  in  an  oven  at  140 
to  160°  C,  then  pulverized  and  washed  into  the  flask  with  the  ether-alcohol 
mixture  and  digested  for  several  hours  with  frequent  shaking  of  the  flask.    The 
residue  is  washed  onto  a  filter  moistened  with  ether-alcohol  mixture.    Strontium 
nitrate,  Sr(N0a)2,  remains  insoluble,  and  may  be  dissolved  in  water  and  de- 
termined gravimetrically  as  a  sulphate,  oxide,  or  carbonate  or  volumetrically. 
Calcium  is  in  the  filtrate  and  may  be  determined  gravimetrically  as  an  oxide 
or  volumetrically. 

Instead  of  using  a  mixture  of  ether-alcohol,  amyl  alcohol  may  be  used  (hood), 
the  mixture  being  kept  at  boiling  temperature  to  dehydrate  the  alcohol  to  pre- 
vent solution  of  strontium  (6.p.  =130°  C.). 

2.  Separation  of  Barium  and  Strontium  from  Calcium.^  The  procedure 
depends  upon  the  insolubility  of  barium  nitrate,  (Ba^Ot)ij  and  strontium  nitrate, 
Sr(NOi)»,  in  a  mixture  of  anhydrous  ether  and  absolute  alcohol  or  anhydrous 
amyl  alcohol,  whereas  Ca(N0a)2  dissolves. 

The  mixed  oxides  or  carbonates  are  dissolved  in  nitric  acid  and  taken  to 
dryness  in  a  beaker  or  Erlenmeyer  flask,  and  heated  for  an  hour  or  more  in  an 
1  Method  of  Fresenius,  Z.  anal.  Chem.,  29,  427  (1800). 
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oven  at  140  to  160^  C.  Upon  cooling,  the  mixture  is  treated  with  ten  timei 
its  weight  of  ether-alcohol  mixture  and  digested,  cold,  in  the  covered  beabr 
or  corked  flask  for  about  two  hours  with  frequent  stirring.  An  equal  v<4iiini 
of  ether  is  now  added  and  the  digestion  continued  for  several  hours  looffi^ 
The  residue  is  washed  by  decantation  with  ether  and  alcohol  mixture  untl 
calcium  is  removed  (test — no  residue  on  platinum  foil  with  drop  of  filtrate  evap- 
orated to  dryness).  If  calcium  is  present  in  amount  above  0.5  gram,  the  rental 
is  dissolved  in  a  little  water,  again  evaporated  and  dried  and  then  extracted 
with  ether-alcohol  as  directed  above. 

Calcium  is  in  the  filtrate  and  may  be  determined  by  precipitation  as  a  sol* 
phate  in  the  alcohol  solution  or  as  an  oxide  by  evaporation  of  the  ether-Alcohol 
and  precipitation  as  calcium  oxalate,  CaC204,  according  to  directions  given  in 
the  determination  of  calcimn. 

Barium  and  strontium  may  be  separated  by  precipitation  of  barium  as  a 
chromate,  the  nitrate  residue  being  dissolved  in  water  and  barium  precipitated 
according  to  directions  given  under  Procedure  No.  1. 

Amyl  alcohol  may  be  used  in  place  of  ether-alcohol  by  digesting  the  nitratai 
in  a  boiling  solution  (130°  C),  calcium  going  into  solution  and  barium  and 
strontium  remaining  insoluble  as  nitrates. 


GRAVIMETRIC   METHODS   FOR   THE   DETERMINATION  OF 

BARIUM 

For  reasons  given  under  ''Preliminary  Considerations,"  it  is  advisable  to 
take  a  special  sample  for  the  determination  of  barium  that  has  not  undeigooe 
treatment  with  hydrogen  sulphide  or  ammonium  hydroxide,  since  these  may 
cause  the  loss  of  barium  as  stated. 

Preparation  of  the  Sample.  The  following  general  schemes  will  meet 
practically  all  conditions: 

Barium  in  Insoluble  Residue.  In  the  complete  analysis  of  ores  the  residue 
remaining  insoluble  in  acids  is  composed  largely  of  silica,  together  with  difficultly 
soluble  substances,  among  which  is  barium  sulphate.  This  residue  is  best  fused  in  a 
platinum  dish  witli  sodium  carbonate  or  a  mixture  of  sodium  and  potassium  car- 
bonates (long  fusion  is  not  necessary) .  The  cooled  mass  is  digested  with  hot  water 
to  remove  the  soluble  sodium  compounds,  among  which  is  silica.  Barium,  to- 
gether with  the  heavy  metals,  remains  insoluble  as  carbonate  and  may  be  filtered 
off.  The  residue  is  now  treated  with  dilute  anunonia  water  to  remove  the 
adhering  sulphates  (testing  the  filtrate  with  hydrochloric  acid  and  barium  chlo* 
ride  solution;  the  washing  being  complete  when  no  white  precipitate  of  barium 
sulphate  forms).  The  carbonates  are  washed  off  the  filter  into  a  500-cc.  beaker, 
the  clinging  carbonate  being  dissolved  by  pouring  a  few  cc.  of  dilute,  1:1,  hydro- 
chloric acid  on  the  paper  placed  in  the  funnel.  This  extract  is  added  to  the  pre- 
cipitate in  the  beaker  and  the  latter  covered  to  prevent  loss  by  spattering. 
Additional  hydrochloric  acid  is  cautiously  added  so  that  the  precipitate  com- 
pletely dissolves  and  the  solution  contains  about  10  cc.  of  free  hydrochloric 
acid  (si).gr.  1.2).  Barium  is  precipitated  from  this  solution  best  as  a  sulphate 
according  to  directions  given  later. 

Silicates.    One  gram  of  the   finely  pulverized   sample  is  treated  with  10 
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ce.  of  dilute  sulphuric  acid,  1  : 4,  and  5  cc.  of  strong  hydrofluoric  acid.  The 
mixture,  evaporated  to  small  bulk  on  the  steam  bath,  is  taken  to  SOi  fumes 
on  the  hot  plate.  Additional  sulphuric  acid  and  hydrofluoric  acid  are  used  if 
required.  By  this  treatment  the  silica  is  expelled  and  barium,  together  with 
other  insoluble  sulphates,  will  remain  upon  the  filter  when  the  residue  is  treated 
with  water  and  filtered.  Lead  sulphate,  if  present,  may  be  remoVed  by  washing 
the  residue  with  a  solution  of  ammonium  chloride.  Barium  sulphate  may  be 
purified  by  fusion  with  potassium  carbonate  as  above  directed  or  by  dissolving 
in  hot  concentrated  sulphuric  acid,  and  precipitating  again  as  BaSOi  by  dilution. 
Ores  may  be  decomposed  by  either  of  the  above  methods  or  a  combination 
of  the  two.    Sulphide  ores  require  roasting  to  oxidize  the  sulphide  to  sulphate. 

Determination  of  Barium  as  a  Chromate 

A  preliminary  spectroscopic  test  has  indicated  whether  a  separation  from 
calcium  and  strontium  is  necessary.  If  these  are  present,  barium  is  separated 
along  with  strontiiun  from  calcium  as  the  nitrate  in  presence  of  alcohol-^ther 
mixture,  according  to  directions  given  under  '^ Separations.''  Barium  is  now 
precipitated  as  the  chromate,  BaCrOi,  from  a  neutral  or  slightly  acetic  acid 
solution,  strontium  remaining  in  solution. 

Precipitation  of  Barium  Chromate.  If  barium  is  present  in  the  form 
of  nitrate,  together  with  strontium,  the  mixed  nitrates  are  evaporated  to  dryness 
and  then  taken  up  with  water.  About  10  cc.  ammonium  acetate  (3dO  grams 
NH4CJI30,  neutralized  with  NH40H+H,0  to  make  up  to  1000  cc.)  added 
and  the  solution  heated  to  boiling.  Five  cc.  of  20%  ammonium  bichromate 
are  added  drop  by  drop  with  constant  stirring  and  the  precipitate  allowed  to 
settle  until  cold.  The  solution  is  decanted  off  from  the  precipitate  through 
a  filter  and  washed  by  decantation  with  dilute  (0.5%)  solution  of  ammonium 
acetate,  until  the  excess  chromate  is  removed,  as  indicated  by  the  filtrate  passing 
through  uncolored.  If  much  strontium  was  originally  present,  a  double  pre- 
cipitation is  necessary,  otherwise  the  precipitate  may  be  filtered  directly  into 
a  Gooch  crucible  and  ignited,  the  following  paragraph  directions  being  omitted. 

Purification  from  Strontium.  The  precipitate  is  dissolved  from  the  filter 
by  running  through  dilute  (1:5)  warm  nitric  acid,  poured  upon  the  chromate, 
catching  the  solution  in  the  beaker  in  which  the  precipitation  was  made;  the 
least  amount  of  acid  necessary  to  accomplish  this  being  used  and  the  filter 
washed  with  a  little  warm  water.  Ammonium  hydroxide  is  now  added  to  the 
solution,  cautiously,  until  a  slight  permanent  precipitate  forms  and  then  10  cc. 
of  ammonium  acetate  solution  added  with  constant  stirring  and  the  mixture 
heated  to  boiling.  The  precipitate  is  allowed  to  settle  until  the  solution  is  cold 
and  then  filtered  and  washed  by  decantation  as  before,  a  Gooch  crucible  being 
used  to  catch  the  precipitate. 

Ignition.  The  precipitate  is  washed  once  with  dilute  alcohol,  1  :  10,  dried 
at  110^  C,  and  ignited,  gently  at  first  and  then  to  a  dull  red  heat  until  the 
color  of  the  chromate  is  uniform.  It  is  advisable  to  cover  the  crucible  at  first 
and  then  after  five  minutes  to  remove  the  cover. 

BaCrO^XO.fiOSl  =BaO.    BaCrO4X0.5420  =Ba. 

Notes.  The  use  of  sodium  hydrate  or  acetate  in  place  of  the  ammonium 
hydroxide  and  acetate  is  sometimes  recommended,  owing  to  the  slight  solubility  of 
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BaCrOi  in  ammonium  salts,  as  seen  by  the  following  table,  approximate  figures  being 

given: 

100,000  parts  of  cold  water  dissolves  0.38  parts  BaCrOi 

100,000  parts  of  hot  water  dissolves  4.35  parts  BaCJrO* 

100,000  of  0.5%  solution  of  NH4CI  dissolves  4.35  parts  BaCrO* 

100,000  of  0.5%  solution  of  NH4NOJ  dissolves  2.22  paits  BaCr04 

100,000  of  0.75%  solution  of  NH^CHaOj  dissolves  2.00  parts  BaCr04 
100,000  of  1.5%  solution  of  NH4C,HsOi  dissolves  4.12  parts  BaCrOi 
100,000  of  1%  acetic  acid  dissolves  20.73  parts  BaCrO* 

Although  the  solvent  action  of  ammonium  salts  is  practically  negli^^ble  uiMkr| 
conditions  of  analysis  given  above,  the  solvent  action  of  free  acetic  acid  is  of  importanei^l 
so  that  it  is  nece^ry  to  neutralize  or  eliminate  free  mineral  acids  before  additki 
of  the  acetate  salt. 

The  edges  of  the  BaCr04  piecipitate  upon  drying  may  appear  green,  owingte 
the  action  of  alcohol;  upon  ignition,  howevei,  the  yellow  chromate  is  obtained.  Thi 
color  orange  yellow,  when  hot,  fades  to  a  light  canarv  yellow  upon  cooling. 

BaCr04,  mol.wL,  253.47;  sp.gr.,  4.498"**;  100  cc.  H,0  sol.  cold  will  disMhra 
0.00038»»*  gram,  hot  dissolves  0.0043  gram;  soluble  in  HCl,  HNO,,  yellow  rhondie 
plates. 

Determination  of  Barium  by  Precipitation  as  Sulphate,  BaSOi 

This  method  depends  upon  the  insolubility  of  barium  sulphate  in  water 
and  in  very  dilute  hydrochloric  acid  or  sulphuric  acid,  one  gram  of  theedt 
requiring  about  344,000  cc.  of  hot  water  to  effect  solution. 

Reaction,  BaCU+HjSO*  =  BaS04+2HCl. 

BaS04,  viol.wLy  233,44;  sp.gr.^  4.47  and  4.33;  m.p.,  1580**  {amorphous  decom- 
poses); H2O  dissolves  0.000172°**  gram  and  0.0003"°  per  100  cc.  3%  HCldUsolm 
0.0036  gram.    Soluble  in  cone,  H1SO4.     Whitej  rhombic  and  amorphous  forms. 

Procedure.  The  slightly  hydrochloric  acid  solution  of  barium  chloride, 
prepared  according  to  directions  given,  is  heated  to  boiling  (volume  about  200- 
300  cc.)  and  a  slight  excess  of  dilute  hot  sulphuric  acid  added.  The  precipitate 
is  settled  on  the  water  bath  and  the  clear  solution  then  decanted  through  1 
weighed  Gooch  crucible  or  through  an  ashless  filter  paper  (S.  and  S.  590  quality). 
The  precipitate  is  transferred  to  the  Gooch  (or  paper),  and  washed  twice  with 
ver}*^  dilute  sulphuric  acid  solution  (0.5%  H1SO4),  and  finally  with  hot  wate 
until  free  of  acid.  The  precipitate  is  dried  and  ignited,  at  first  gently  and  thn 
over  a  good  flame  to  a  cherry  red  heat,  for  half  an  hour.  The  residue  is  weighed 
as  barium  sulphate,  l^aS()4. 

BaSO* X 0.5884  =Ba,  or  X0.6569=BaO,  or    X 0.8455  «BaCO,. 

NoTEr;.  The  determination  of  barium  is  the  reciprocal  of  the  determination  d 
sul()hur  or  sulphuric  acid.  Precautions  and  directions  giveii  for  the  sulphur  pre* 
cipitation  ap[)ly  here  also,  with  the  exception  that  dUute  sulphuric  acid  is  used  u 
the  precipitating  reagent  in  y)lace  of  baiium  chloride. 

The  author  found  that  precipitation  of  barium  sulphate  in  a  large  volume  of  cold 
solution  containing  10  co.  of  concentrated  hydrochloric  acid  per  1600  cc.  of  solution, 
by  adding  a  slight  excess  of  cold  dilute  sulphuric  acid  in  a  fine  stream,  exactly  in 
the  niannor  that  barium  chloride  solution  is  added  in  the  precipitation  of  sulphur, 
and  allowing  the  [)re('i])itate  to  settle,  at  room  temperature,  for  several  hours  (pref- 
erably oyer  night),  giyos  a  precipitate  that  is  pure  and  does  not  pass  through  tiie 
Gooch  asbestos  nmt.  We  refer  to  the  chapter  on  Sulphur  for  diiections  for  filterinft 
washing,  and  ignition  of  the  residue. 
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VOLUMETRIC  METHODS   FOR  THE  DETERMINATION  OF 

BARIUM 

Titration  of  the  Barium  Salt  with  Dichromate 

This  method  is  of  value  for  an  approximation  of  the  amount  of  barium 
present  in  a  solution  that  may  also  contain  calcium,  strontium,  and  magnesium 
or  the  alkalies.    It  depends  upon  the  reaction 

2BaCl,+K,Cr,07+H,0  =  2BaCr04+2KCl-|-2HCl. 

X/10  KaCrjOT  (precipitation  purposes)  contains  7.355  grams  pure  salt  per 
liter. 

Procedure.  The  solution  containing  the  barium  is  treated  with  ammonia 
until  it  just  smells  of  it.  (If  an  excess  of  ammonia  is  present  the  solution  is  made 
faintly  acid  with  acetic  acid.)  It  is  then  heated  to  about  70°  C.  and  the 
standard  dichromate  added,  with  stirring  until  all  the  barium  is  precipitated 
and  *.the  clear  supernatant  solution  is  a  faint  yellow  color  from  the  slight 
excess  of  the  reagent.  For  accurate  work  it  is  advisable  to  titrate  the  pre- 
cipitate formed  by  one  of  the  methods  given  below.  One  cc.  KjCrjOr  =0.00687 
gram  Ba.     (Note  reaction  given  above.) 

Note.  An  excess  of  potassium  dichromate  mav  be  added,  the  precipitate  filtered 
off,  washed  and  the  excess  of  dichromate  determined  as  stated  below. 

Reduction  of  the  Chromate  with  Ferrous  Salt  and  Titration  with 

Permanganate 

Ferrous  sulphate  reacts  with  barium  chromate  as  follows: 

2BaCrO4+6FeS0«+8H,S04-3Fe,(S04)3+Cr,(S04)3-l-2BaS04-|-8H,0. 

An  excess  of  ferrous  salt  solution  is  added  and  the  excess  determined  by 
titration  with  N/10  KMn04  solution.    Fe  =  JBa. 

Reagents.  N/10  solution  of  KMn04.  N/10  FeSO*  (27.81  grams  per  liter) 
or  FeSO* •  (NH4),S04  (39.226  grams  per  liter).    One  cc.  -0.004579  Ba. 

Procedure.  The  well-washed  precipitate  of  barium  chromate  is  dissolved 
in  an  excess  of  standard  N/10  ferrous  ammonium  sulphate  solution  containing 
free  sulphuric  acid.  The  excess  ferrous  salt  is  titrated  with  standard  N/10 
potassium  permanganate  solution. 

(O.  N/10  ferrous  solution  minus  cc.  permanganate  titration)  multiplied  by 
0.004579  gives  grams  barium  in  the  solution.     Iron  factor  to  barium  is  0.8187. 

Potassium  Iodide  Method 

The  procedure  depends  upon  the  reactions: 

1 .  2BaCr04+6KI-|-16HCl  =2BaCU-|-2CrCl,+6KCl+8H,0+6I. 

2.  3I,+6Na&0, «  6NaI  +3Na,S40.. 

Procedure.  The  precipitate,  BaCrOi,  is  dissolved  in  50  to  1(X)  cc.  of 
dilute  hydrochloric  acid  and  about  2  grams  of  solid  potassium  iodide  salt  added 
and  allowed  to  react  about  ten  minutes.    The  liberated  iodine  is  now  titrated 
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with  N/10  thiosulphate.    Near  the  end  of  the  titration  starch  solution  is  ad( 
and  followed  by  N/10  thiosulphate  until  the  color  disappears. 

One  cc.  N/10  NajSiO,  =0.004579  gram  Ba. 

Titration  of  Barium  Carbonate  with  Standard  Acid 

To  the  well-washed  barium  carbonate,  BaCOj,  an  excess  N/10  H^O*  is 
and  the  excess  acid  determined. 

One  cc.  N/10  acid  =0.00687  gram  Ba. 

ANALYSIS  OF  BARYTES  AND  WITHERITE 

Barjrtes  or  heavy  spar  is  a  variety  of  native  barium  sulphate,  and  withmtil 
a  native  barium  carbonate.  These  minerals  are  typical  examples  of  barianh] 
bearing  ores.  The  analysis  may  involve  the  determination  of  barium  audi 
calcium  sulphates  or  carbonates,  magnesia,  iron  and  aluminum  oxides  and: 
moisture.  Traces  of  lead,  copper,  and  zinc  may  be  present,  as  well  as  sulphide^: 
sulphur  and  fluorine  in  fluorspar.  The  following  is  an  approximate  compositioa; 
of  a  high-grade  sample: 

BaS04=96%,  CaC0,  =  1.5%,  MgCO,=0.3%,  SiO2=0.5%,  Al,0,=0.5%, 

Fe,O,=0.2%,  H,O=0.5%. 

For  complete  analysis  treat  as  directed  under  preparation  of  the  sample. 

Procedure  for  Commercial  Valuation  of  the  Ore 

Barium  Sulphate  and  Silica 

One  gram  of  the  finely  pulverized  sample  is  digested  with  about  50  cc.  of 
concentrated  hydrochloric  acid  and  taken  to  dryness  on  the  steam  bath.  Thfb 
residue  is  taken  up  with  50  cc.  of  water,  10  cc.  of  hydrochloric  acid  added, 
and  the  mixture  heated  on  the  steam  bath  for  ten  minutes,  then  heated  to  boil- 
ing and  filtered.  The  residue  of  barium  sulphate  and  silica  is  washed  well  witli 
hot  water  containing  a  little  hydrochloric  acid  and  finally  with  pure  water.  It 
is  now  ignited  and  weighed  as  BaS04H-SiOi,  or  total  insoluble  matter. 

The  residue  in  a  platinum  dish  is  now  treated  with  a  little    hydrofluoiie  - 
acid -h sulphuric  acid,  and  silica  expelled  as  usual.    The  residue  ignited  ^BaSOi. 

Silica  =difiference  between  total  insoluble  matter  and  BaSOi. 

Barium  Carbonate 

Barium,  originally  present  as  a  carl^onate,  will  be  found  in  the  filtrate  together 
with  iron,  alumina,  etc.,  and  may  be  precipitated  by  addition  of  sulphuric  acid. 
Barium  sulphate  is  filtered  off,  washed,  ignited,  and  weighed.    BaSOiX 0.84555 
=  BaC03. 

Iron  and  Alimiina  Oxides 
These  are  determined  in  the  filtrate  from  barium  precipitation  in  the  usual  unqr. 


BARIUM  61 

Calcium  and  Magnesium 
Determined  in  the  filtrate  from  iron  and  alumina  by  the  regular  procedures. 

Soluble  Sulphates 

One  gram  of  the  powdered  sample  is  boiled  with  20  cc.  cone.  HCl  and  200 
cc.  water,  the  insoluble  residue  filtered  off  and  washed.  The  filtrate  contains 
the  soluble  sulphate.  This  may  be  precipitated  by  addition  of  Bads  solution 
according  to  the  procedure  for  sulphur.  B  aS04X  0.5833  ^CaSO*.  BaS04X 
0.2402  =CaO. 

If  lime,  CaO,  thus  calculated,  is  less  than  lime  precipitated  as  oxalate,  the 
difference  is  calculated  to  CaCOa  if  COs  is  present,  otherwise  to  CaO. 

Loss  on  Ignition 
Represents  water  free  and  combined,  carbon  dioxide  and  organic  matter. 


BISMUTH 

Wilfred  W.  Scott 

BUot.ipt.  208.0;  Bp.gr.  9.7474;    m.p.  271°;^  b^.p.  1420'' C;    oxides, 

B1,0„  BIsOt. 

DETECTION 

Bismuth  is  precipitated  from  its  solution,  containing  free  acid,  by  HtS  gas, 
as  a  brown  sulphide,  BisSi.  The  compound  is  insoluble  in  ammonium  sulphide 
(separation  from  arsenic,  antimony,  and  tin),  but  dissolves  in  hot  dilute  nitric 
acid  (separation  from  mercury).  The  nitrate,  treated  with  sulphuric  acid  and 
taken  to  SOs  fumes,  is  converted  to  the  sulphate  and  dissolves  upon  dilution 
with  water  (lead  remains  insoluble  as  PhSO^).  Bismuth  is  precipitated  from 
this  solution  by  addition  of  ammonium  hydroxide,  white  Bi(OH)j  being  formed 
(copper  and  cadmium  dissolve).  If  this  hydroxide  is  dissolved  with  hydro- 
chloric acid  and  then  diluted  with  a  large  volume  of  water,  the  white,  basic 
salt  of  bismuth  oxychloride,  BiOCl,  is  precipitated.  The  compound  dissolves 
if  sufficient  hydrochloric  acid  is  present.  It  is  insoluble  in  tartaric  acid  (dis- 
tinction from  antimony). 

Reducing  Agents.  Formaldehyde  in  alkaline  solution,  hypophosphorous 
acid,  potassium  or  sodium  stannite,  reduce  bismuth  compounds  to  the  metallic 
state.  For  example,  a  hot  solution  of  sodium  stannite  poured  onto  the  white 
precipitate  of  Bi(OH)a  on  the  filter  will  give  a  black  stain.  The  test  is  very 
delicate  and  enables  the  detection  of  small  amounts  of  the  compound. 

3K2SnO,+2BiCl,+6KOH  =  2Bi+3K,Sn03+6KCl+3H,0. 

Blowpipe  Test.  A  compound  of  bismuth  heated  on  charcoal  with  a 
powdered  mixture  of  carbon,  potassium  iodide  and  sulphur,  will  give  a  scarlet 
incrustation  on  the  charcoal. 

ESTIMATION 

The  determination  of  bismuth  is  required  in  complete  analysis  of  ores  of 
cobalt,  nickel,  copper,  silver,  lead,  and  tin,  in  which  it  is  generally  found 
in  small  quantities.  In  evaluation  of  bismuthite,  bismuth  ochre,  etc.  In  the 
analysis  of  the  minerals  wolfram,  molybdenite.  It  is  detennined  in  the  residues 
from  the  refining  of  lead  (the  principal  source  of  bismuth  in  the  United 
States).  In  the  analysis  of  alloys — ^antifriction  metals,  electric  fuses,  solders, 
stereotype  metals,  certain  amalgams  used  for  silvering  mirrors  (with  or  with- 
out lead  or  tin),  and  in  bismuth  compounds. 

Preparation  and  Solution  of  the  Sample 

In  dissolving  the  substance,  the  following  facts  must  be  kept  in  mind:  nitric 
acid  is  the  best  solvent  of  the  metal.  Although  it  is  soluble  in  hot  sulphuric 
acid,  it  is  only  very  slightly  soluble  in  the  cold  acid.  The  metal  is  practically 
insoluble  in  hydrochloric  acid,  but  readily  dissolves  in  nitrohydrochloric  acid. 

'  U.  S.  Bureau  of  Standards  Cir.  35. 
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Tbe  h3<^dioxide8,  oxides,  and  most  of  the  bismuth  salts  are  readily  soluble  in 
hydrochloric,  nitric,  and  sulphuric  acids. 

Ores  or  Cinders.  One  gram  of  the  finely  pulverized  ore  or  cinder  (or  larger 
amounts  where  the  bismuth  content  is  very  low)  is  treated  in  a  400-cc.  beaker 
with  5  cc.  of  bromine  solution  (Br-|-KBr+H»0),*  followed  by  the  cautious 
addition  of  about  15  cc.  of  HNOj  (sp.gr.  1.42).  When  the  violent  action  has 
ceased,  which  is  apt  to  occur  in  sulphide  ores,  the  mixture  is  taken  to  dryness 
on  the  steanx  bath,  10  cc.  of  strong  HCl  and  ^  cc.  of  concentrated  HsS04  and 
the  covered  sample  heated  until  SOj  fumes  are  freely  evolved.  The  cooled  solu- 
tion is  diluted  with  50  cc.  of  water  and  gently  heated  until  only  a  white  or 
light  gray  residue  remains.  The  solution  is  filtered  and  the  residue  washed 
with  dilute  H£04  (1  :  10),  to  remove  any  adhering  bismuth.  Silica,  the  greater 
part  of  the  lead  (also  BaS04)  remain  in  the  residue,  whereas  the  bismuth,  to- 
gether with  iron,  alumina,  copper,  antimony,  etc.,  are  in  the  solution.  Details 
of  further  treatment  of  the  solution  to  effect  a  separation  of  bismuth  are 
given  under  "Separations"  and  the  procedures  for  determination  of  bismuth. 

Alloys,  Bearing  Metal,  etc.  One  gram  of  the  borings,  placed  in  a  400-cc. 
beaker,  is  dissolved  by  adding  20  cc.  of  concentrated  HCl  and  5  cc.  of  strong 
HXOj.  The  alloy  will  usually  dissolve  in  the  cold,  unless  considerable  lead 
is  present,  in  which  case  prolonged  heating  on  the  steam  bath  may  be  neces- 
sary. (A  yellow  or  greenish-yellow  color  at  this  stage  indicates  the  presence  of 
copper.)  Lead  may  now  be  removed  either  as  a  sulphate  by  taking  to  S0»  fumes 
with  H^O«  or  by  precipitating  as  a  chloride,  in  the  presence  of  alcohol,  accord- 
ing to  directions  given  under  Separations.  The  bismuth  is  determined  in  the 
filtrate  from  lead  according  to  one  of  the  procedures  given  under  the  quanti- 
tative methods. 

Lead  Bullion,  Refined  Lead.*  Ten  to  twenty-five  grams  of  the  lead, 
hanunered  or  rolled  out  into  thin  sheets  and  cut  into  small  pieces,  are  taken 
for  analysis.  The  sample  is  dissolved  by  a  mixture  of  250  cc.  of  water  and 
40  cc.  of  strong  nitric  acid,  in  a  large  covered  beaker,  by  warming  gently,  pref- 
erably on  the  steam  bath.  When  the  lead  has  dissolved,  the  beaker  is  removed 
from  the  heat  and  dilute  ammonia  (1:2)  added  to  the  warm  solution,  very 
cautiously  and  finally  drop  by  drop  until  the  free  acid  is  neutralized  and  the 
liquid  remains  faintly  opalescent,  but  with  no  visible  precipitate.  Now  1  cc. 
of  dilute  HCl  (1  :  3)  is  added.  The  solution  will  clear  for  an  instant  and  then 
a  crystalline  precipitate  of  bismuth  oxychloride  will  form,  if  any  considerable 
amount  of  bismuth  is  present.  The  beaker  is  now  placed  on  the  steam  bath 
for  an  hour,  during  which  time  the  bismuth  oxychloride  will  separate  out, 
together  with  a  small  amount  of  lead  and  with  antimony  if  present  in  appre- 
ciable amounts.  The  further  isolation  and  purification  of  bismuth  is  given 
under  "Separations."  In  brief — antimony  is  removed  by  dissolving  the  pre- 
cipitate in  a  small  amount  of  hot  dilute  HCl  (1  : 3),  precipitating  bismuth, 
traces  of  lead,  and  the  antimony  by  HjS,  dissolving  out  the  antimony  sulphide 
with  warm  anmionium  sulphide,  dissolving  the  BisSj  and  PbS  in  HXOs  and 
reprecipitation  of  the  bismuth  according  to  tho  procedure  given  above.  Bis- 
muth is  now  determined  as  the  oxychloride.  Further  details  of  this  method 
are  given  under  the  gravimetric  procedures  for  bismuth. 

*  Bromine  solution  is  made  by  dissolving  in  water  75  'grams  of  KBr,  to  which  are 
added  50  grams  of  liquid  bromine  and  the  mixture  diluted  to  500  cc.  with  water. 

•  Bismuth  in  Refined  Lead.     "Technical  Methods  of  Ore  Analysis."    A.  H.  Low. 
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SEPARATIONS 

Tlie  fcUowing  procedures  are  given  in  the  order  that  would  be  followed  in  the 
complete  analysis  of  an  ore^  in  vjhich  all  the  constituents  are  sought.  This  general 
scheme^  however ^  is  not  required  for  the  majority  of  bismuth-bearing  samples  comn 
monly  met  wM  in  the  commercial  laboratory,  direct  precipitations  of  bismuth  fre- 
quently being  possible. 

Separation  of  Bismuth  from  Members  of  Subsequent  Groups,  Fe,  Cr, 
Al,  Mn,  Co,  Ni,  Zn,  Mg,  the  Alkaline  Earths  and  Alkalies,  together  with 
Rare  Elements  of  these  Groups.  The  solution  should  contain  5  to  7  cc.  of 
concentrated  hydrochloric  acid  (sp.gr.  1.19)  for  every  100  cc.  of  the  sample. 
The  elements  of  the  hydrogen  sulphide  group  are  precipitated  by  saturating 
the  solution  with  H2S  (Hg,  Pb,  Bi,  Cu,  Cd,  As,  Sb,  Sn,  Mo,  Se,  Te,  Au,  Pt). 
The  members  of  subsequent  groups  remain  in  solution  and  pass  into  the  filtrate. 

Separation  of  Bismuth  from  Arsenic,  Antimony,  Tin,  Molybdenum, 
Tellurium,  Selenium.  In  presence  of  mercury,  the  soluble  members  of  the 
hydrogen  sulphide  group  are  separated  from  the  insoluble  sulphides  by  digest- 
ing the  precipitate  above  obtained  with  ammonium  sulphide;  in  absence  of 
mercury,  however,  which  is  generally  the  case,  digestion  of  the  sulphides  with 
sodium  hydroxide  and  sodium  sulphide  solution  is  preferred,  the  general  pro- 
cedure being  followed.  Mercury,  lead,  bismuth,  copper,  and  cadmium  remain 
in  the  residue,  whereas  the  other  members  of  the  group  dissolve. 

Separation  of  Bismuth  from  Mercury.  The  insoluble  sulphides,  remain- 
ing from  the  above  treatment  with  ammonium  sulphide  after  being  washed 
free  of  the  soluble  members  of  this  group,  are  placed  in  a  porcelain  dish  and 
boiled  with  dilute  nitric  acid  (sp.gr.  1.2  to  1.3).  The  solution  thus  obtained 
is  filtered,  upon  dilution,  from  the  insoluble  sulphide  of  mercury.  A  little 
of  the  lead  may  remain  as  PbSOi,  the  solution  may  contain  lead,  bismuth,  copp>er, 
and  cadmium. 

Separation  of  Bismuth  from  Lead.  This  is  the  most  important  pro- 
cedure in  the  determination  of  bismuth  as  the  separation  is  almost  invariably 
necessary,  as  these  elements  conunonly  occur  together.  Bismuth  produced 
in  the  United  States  in  1912  was  obtained  entirely  from  the  residues  in  the  re- 
fining of  lead.  ^ 

There  are  two  general  procedures  for  the  separation  of  lead  and  bismuth. 

A,  Precipitation  of  lead  either  as  lead  sulphate  or  as  lead  chloride,  the 
bismuth  remaining  in  solution  under  the  conditions  of  the  precipitation. 

B,  Precipitation  of  bismuth  as  the  oxychloride  or  subnitrate,  lead  remaining 
in  solution. 

Precipitating  Lead  as  PbS04.  This  procedure  is  generally  used  in  the 
process  of  a  complete  analysis  of  an  ore  containing  lead  and  bismuth.  The  nitric 
acid  solution  of  the  sulphides,  obtained  upon  removal  of  the  soluble  group  and 
mercury  by  boiling  the  insoluble  sulphides  with  dilute  nitric  acid,  is  treated 
with  about  10  cc.  of  strong  sulphuric  acid,  and  taken  to  SOi  fumes  by  heating. 
The  cooled  sulphate  solution  is  diluted  with  water  and  the  insoluble  lead  sul- 
phate filtered  off  and  washed  with  dilute  sulphuric  acid  solution  (1  :  20). 
Bismuth  passes  into  solution,  together  with  copper  and  cadmium,  if  also  present 
in  the  original  sample. 

^  Mineral  Industry,  1912,  p.  98. 
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Precipitation  of  Lead  as  PbCls.  This  separation  is  used  in  the  complete 
analysis  of  pig  lead,  the  details  of  the  separation  being  given  under  this 
subject. 

As  the  separation  of  bismuth  from  lead  by  precipitation  of  the  former 
element  as  the  oxychloride  or  subnitrate  is  incorporated  in  the  quantitative 
methods  following^  it  will  not  be  taken  up  here. 

Separation  of  Bismuth  from  Copper  and  Cadmium.  This  separation  is 
accomplished  by  precipitating  bismuth  as  the  oxychloride  with  hydrochloric  acid, 
or  as  the  carbonate  by  adding  an  excess  of  ammonium  carbonate  to  the  solu- 
tion nearly  neutralized  by  ammonia,  or  as  the  hydroxide  by  adding  an  excess 
of  ammonia.  Details  of  these  procedures  are  given  under  the  gravimetric  methods 
for  determining  bismuth. 


GRAVIMETRIC    METHODS   FOR   THE   DETERMINATION   OF 

BISMUTH 

Determining   Bismuth   by  Precipitation   and   Weighing  as   the 

Basic  Chloride,  BiOCl 

The  determination  depends  upon  the  formation  of  the  insoluble  oxychloride, 
BiOCl,  when  a  hydrochloric  acid  solution  of  bismuth  is  sufficiently  diluted 
with  water,  the  following  reaction  taking  place,  BiCla+H^O  =  BiOCl +2HC1. 

The  procedure  is  reconunended  for  the  determination  of  bismuth  in  refined 
lead,  bearing  metal,  and  bismuth  alloys.  Copper,  cadmium,  and  lead  do  not 
interfere;  appreciable  amounts  of  antimony  and  tin,  however,  should  be  re- 
moved by  H^  precipitation  and  subsequent  treatment  with  Na^S,  and  the  resid- 
ual sulphides  dissolved  in  hot  dilute  nitric  acid,  according  to  directions  given 
under  "Separations." 

Properties  0/ BiOCl.  MoLwLy  259.46;  sp.gr.^  7.717**';  m.p.,  red  heat;  insol. 
in  HjO  and  in  HJC4H4O6,  soluble  in  acids.  Appearance  is  white ^  quadratic  crys- 
talline form. 

Procedure.  The  solution  of  bismuth,  freed  from  appreciable  amounts  of 
tin  and  antimony,  is  warmed  gently  and  treated  with  sufficient  ammonia  to 
neutralize  the  greater  part  of  the  free  acid.  At  this  stage  a  precipitate  is  formed 
by  the  addition,  which  dissolves  with  difficulty;  the  last  portion  of  the  dilute 
anunonia  (1:2)  is  added  drop  by  drop,  the  solution  is  diluted  to  about  300 
cc.,  and  the  remainder  of  the  free  acid  neutralized  with  dilute  ammonia  added 
cautiously  until  a  faint  opalescence  appears,  but  not  enough  to  form  an  appre- 
ciable precipitate.  One  to  3  cc.  of  dilute  hydrochloric  acid  (1  part  HCl 
sp.gr.  1.19  to  3  parts  HsO)  are  now  added,  the  mixture  stirred  and  the  bismuth 
oxychloride  allowed  to  settle  for  an  hour  or  so  on  the  steam  bath,  then  filtered 
hot  by  decanting  off  the  clear  solution  through  a  weighed  Gooch  crucible.  The 
precipitate  is  washed  by  decantation  twice  with  hot  water  and  finally  washed 
into  the  Gooch,  then  dried  at  100°  C.  and  weighed  as  BiOCl. 

BiOCl  X  0.8017  =Bi. 

Note.  Three  cc.  of  dilute  hydrochloric  acid  (or  1  cc.  cone.  HCl,  sp.gr.  1.19) 
are  sufficient  to  completely  precipitate  1  gram  of  bismuth  from  solution. 
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Determination  of  Bismuth  as  the  Oxide,  Bi203 

Preliminary  Considerations.  The  determination  of  bismuth  as  the  oxide 
requires  the  absence  of  hydrochloric  acid  or  sulphuric  acid  from  the  solution 
of  the  element,  since  either  of  these  acids  invariably  contaminates  the  final 
product.  In  presence  of  these  acids,  which  is  frequently  the  case,  determination 
of  bismuth  by  precipitation  as  BisSa  or  by  reduction  to  the  metal  and  so  wdgbing  -' 
is  generally  recommended;  a  brief  outline  of  the  methods  is  given  later; 
a  solution  of  bismuth  free  from  hydrochloric  acid  and  practically  free  of  snl- 
phuric  acid  may  be  obtained  by  precipitating  BisSa,  together  with  CuS,  CdS, 
and  PbS,  the  amount  of  sulphuric  acid  formed  by  the  reaction  being  negligible. 
Bismuth  should  be  in  a  nitric  acid  solution,  free  from  antimony  and  tin. 

Two  general  conditions  will  be  considered:  1.  Solutions  containing  lead. 
Copper  and  cadmium  may  also  be  present.  2.  Solutions  free  from  lead.  Copper 
and  cadmium  may  be  present. 

1.  Separation  from  Lead^  Copper,  and  Cadmium,  by  Precipitation  aa 
Basic  Nitrate.^  Neither  the  sulphuric  or  hydrochloric  acid  methods  may  be 
employed  for  effecting  the  separation  of  lead  by  precipitation.  Fortunately 
advantage  may  be  taken  of  the  fact  that  bismuth  nitrate  is  changed  by  th* 
action  of  water  into  an  insoluble  basic  salt,  while  lead,  copper  and  cadmium  do 
not  undergo  such  a  transformation. 

Procedure.  The  bismuth  nitrate  solution  is  evaporated  to  syrupy  con- 
sistency and  hot  water  added  with  constant  stirring  with  a  glass  rod.  The 
solution  is  again  evaporated  to  dryness,  and  the  hot-water  treatment  repeated. 
Four  such  evaporations  are  generally  sufficient  to  convert  the  bismuth  nitrite 
completely  into  the  basic  salt;  when  this  stage  is  reached  the  addition  of  watv 
will  fail  to  produce  a  turbidity.  The  solution  is  finally  evaporated  to  diyneH 
and,  when  free  from  nitric  acid,  is  extracted  with  cold  anunonium  nitrate  solu- 
tion (I.NH4NOJ  :  500  H2O)  to  dissolve  out  the  lead  and  other  impurities.  After 
allowing  to  stand  some  time  with  frequent  stirring,  the  solution  is  filtered  and 
the  residue  washed  with  ammonium  nitrate  solution,  then  dried. 

Ignition  to  Bismuth  Oxide.  As  much  of  the  precipitate  as  possible  is 
transferred  to  a  weighed  porcelain  crucible,  the  filter  is  burned  and  the  adi 
added  to  the  main  precipitate.  This  is  now  gently  ignited  over  a  Bunsen  | 
burner.  Too  high  heating  will  cause  the  oxide  to  fuse  and  attack  the  glaie  i 
of  the  crucible.  ** 

Properties.  Bi(OH)2N03  mol.wL,  304.03;  sp.^.,. 4.928"**;  decomp,,  260*; 
insol.  in  H2O ;  sol,  in  acids;  hexagonal  plates. 

BxtOz^viol  wL,  464.0;  sp.gr.,  8.8  to  9.0;  w.p.,  820  to  860**;  insoltMe  in  cM 
water  and  in  alkalies,  but  solitbk  in  acids;  yellow  tetragonal  crystals, 

BizOa  X  0.8965  =Bi. 

2.  Precipitation  of  Bismuth  as  the  Subcarbonate  or  Hydroxide,  Lead 
being  Absent.  P^ither  of  these  procedures  effects  a  separation  of  bismuth  from 
copper  and  cadmium. 

A.  Procedure.  Precipitation  of  the  Subcarbonate.  The  solution  is 
diluted  to  about  300  cc.  and  dilute  ammonia  added  cautiously  until  a  faint 
turbidity  is  obtained  and  then  an  excess  of  anunoniimi  carbonate.    The  solution 

U.  L5we,  Jour.  prak.  Chem.,  (1),  74,  344,  1858. 
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is  heated  to  boiling^  the  precipitate  filtered  off,  washed  with  hot  water,  dried 
and  ignited  according  to  directions  given  in  the  bismuth  subnitrate  method. 
The  residue  is  weighed  as  BisOi. 

B.  Procedure.  Isolation  of  Bismuth  by  Precipitation  as  the  Hydroxide.^ 
The  solution  is  taken  to  dryness  and  the  residue  treated  with  5  cc.  of  nitric 
acid  (1:4)  and  25  cc.  of  water  added.  The  resulting  solution  is  poured,  with 
constant  stirring,  into  25  cc.  of  concentrated  ammonia  and  50  cc.  of  4% 
hydrogen  peroxide.  Upon  settling  of  the  bismuth  hydroxide,  the  clear  solution 
is  filtered  off  and  the  residue  is  treated  with  more  anmionia  and  peroxide.  It 
is  then  filtered  onto  a  filter  paper,  washed  with  hot,  dilute  anmionium  hydroxide, 
(1  : 8),  followed  by  hot  water  and  washed  free  of  any  adhering  copper  or  cad- 
mium (no  residue  when  a  drop  is  evaporated  on  platinum  foil).  Re-solution 
in  hot  dilute  nitric  acid  and  reprecipitation  may  sometimes  be  necessary  to 
obtain  the  pure  product.  The  hydroxide  may  be  dried,  ignited  and  weighed 
as  BijOa  according  to  directions  already  given  on  page  66. 

Roperties*  BijOi-CO^HiO,  mol.wt.y  526.02;  ap.gr.j  6.86;  decomp.  by  heat; 
insoluble  in  water ^  soluble  in  acids y  insoluble  in  NaiCOi;  white  precipitate. 

Bi(OH)i,  moLwt.f  259.02;  loses  IJ  HjO  at  150**;  insoL  in  cold  water  and  in 
alkalies;  soluble  in  acids;  white  precipitate. 

Determination  of  Bismuth  as  the  Sulphide,  Bi2S3 

The  procedure  is  apphcable  to  the  determination  of  bismuth  in  a  hydro- 
chloric or  sulphuric  acid  solution,  freed  from  other  members  of  this  group. 

Procedure.     Bismuth    sulphide  ^ 

is  precipitated  by  passing  HsS  into 
the  slightly  acid  solution,  preferably 
under  pressure.  When  the  precipi- 
tation is  complete,  the  bismuth  sul- 
phide, Bi^i,  is  filtered  off  into  a 
weighed  Gooch  crucible,  the  precipi- 
tate washed  with  US  water,  then 
with  alcohol  to  remove  the  water, 
followed  by  carbon  disulphide  to 
dissolve  out  the  precipitated  sul- 
phur, then  alcohol  to  remove  the 
disulphide,  and  finally  with  ether. 
After  di^ong  for  fifteen  to  twenty 
nunutes,  the  residue  is  weighed  as 
Bi,S,.    This   weight  multiplied  by      ^  ^ 

0.8122  -Bi.  Fig.  7. — Purification  of  Carbon  Disulphide. 

Note.  The  carbon  disulphide  used  should  be  freshly  distilled.  This  may  be 
accomplished  by  placing  the  carbon  disulphide  in  a  small  flask  (A»  Fig.  7)  connected 
by  means  of  a  glass  tube  (C)  to  a  second  flask  (B),  cork  stoppers  being  used.  The 
veBsels  are  immersed  in  beakers  of  water,  the  container  with  the  reagent  being  placed 
in  hot  water  (60-80**  C.)  and  the  empty  flask  in  cold  water.  The  reagent  quickly  dis- 
tills into  the  empty  flask  in  pure  form. 

Properties  of  Bismuth  Sulphide.  BitSs,  mol.wL,  512.21;  sp.gr.y  7-7.81; 
decomposed  by  heat,  solubility  -O.OOOOlSg.  per  100  cc.  cold  HjO;  soluble  in  nitric 
add;  brown  rhombic  crystals. 

» P.  Jannasch,  Zeit.  anorg.  Chem.,  8,  302,  1895. 
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Determination  of  Bismuth  as  the  Metal 

Reduction  with  Potassium  Cyanide.^  Bismuth  precipitated  as  the  car- 
bonate and  ignited  to  the  oxide  according  to  the  procedure  given,  is  fused  in 
a  weighed  porcelain  crucible  with  5  times  its  weight  of  potassium  cyanide  over 
a  low  flame.  The  cooled  melt  is  extracted  with  water,  pouring  the  extracts 
through  a  filter  that  has  been  dried  and  weighed  with  the  crucible.  Bismuth 
is  left  undissolved  as  metallic  bismuth.  After  washing  with  water,  alcohol, 
and  ether,  the  filter,  with  the  metal  and  loosened  pieces  of  porcelain  glaze,  is 
dried  at  100**  C.  together  with  the  crucible.  These  are  then  weighed  and  the 
increased  weight  taken  as  the  amount  of  bismuth  present  in  the  sample. 

Electrolytic  Deposition  of  Bismuth 

With  samples  containing  less  than  0.03  gram  bismuth,  the  metal  may  be 
satisfactorily  deposited  by  electrolysis  of  its  sulphuric  acid  solution,  lead  having 
been  removed  previously  by  sulphuric  acid  by  the  standard  procedure.  Tlie 
solution  contains  about  6  cc.  of  strong  sulphuric  acid  per  100  cc.  This  is 
electrolyzed  with  a  current  of  0.6  to  0.7  ampere  and  about  2.7  to  3  volts 
Further  details  of  this  method  may  be  found  in  "  Technical  Methods  of  Ore 
Analysis/'  by  A.  H.  Low,  page  64,  VII  Edition.    John  Wiley  &  Sons. 
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Determination  of  Bismuth  by  Precipitation  as  Oxalate  and 
Titration  by  Potassium  Permanganate  * 

Normal  bismuth  oxalate,  produced  by  addition  of  oxalic  acid  to  a  nitric 
acid  solution  of  the  element,  boiled  with  successive  portions  of  water,  is  trans- 
formed to  the  basic  oxalate.  This  may  be  titrated  with  potassium  perman- 
ganate in  presence  of  sulphuric  acid. 

Procedure.  Preparation  of  the  Sample.  One  gram  of  the  finely  ground 
sample  is  treated  with  5  to  10  cc.  of  concentrated  nitric  acid  and  digested  on 
the  steam  bath  and  finally  evaporated  to  dryness,  the  residue  is  taken  up  with 
5  cc.  of  nitric  acid  (sp.gr.  1.42) -|- 25  cc.  of  water,  and  diluted  to  100  cc. 

Precipitation  of  the  Oxalate.  About  5  grams  of  ammonium  oxalate  or 
oxalic  acid  are  added  and  the  liquid  boiled  for  about  five  minutes,  the  pre- 
cipitate allowed  to  settle  and  the  supernatant  solution  filtered  off.  The 
precipitate  is  boiled  twice  with  50-cc.  portions  of  water  and  the  washings  poured 
through  the  same  filter.  If  the  filtrate  still  passes  through  acid,  the  washing 
is  continued  until  the  acid  is  removed  and  the  washing  passing  through  the 
filter  is  neutral.  The  bulk  of  the  basic  oxalate  precipitate  is  placed  in  a  beaker 
and  that  remaining  on  the  filter  paper  is  dissolved  by  adding  2  to  5  cc.  of  hydro- 
chloric acid,  1:1,  the  solution  being  added   to  the  bulk  of  the  precipitate. 

^  Method  bv  H.  Rose,  Pogg.  Ann.,  110,  p.  425. 

Vanino  and  Treubert  (Ber..  81  (1898),  1303),  reduce  bismuth  by  adding  formal- 
dehyde to  its  slightly  acid  solution  and  then  making  stiongly  alkaline  with  10% 
NaOH  solution  and  warming.     N.B.  Treadwell  and  Hall,  Anal.  Cheni.,  p.  181,  3d  Ed. 

*The  method  is  lapid  and  is  sufficiently  accurate  lor  commercial  work.  Warwick 
and  Kyle  (C.  N..  75,  3). 

Muir  and  Robbs,  J.  C.  S.,  41,  1. 
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This  is  now  warmed  until  it  goes  into  solution  and  the  liquid  is  diluted  to  250 
cc.  with  hot  water.  Dilute  ammonia  is  now  added  until  the  free  acid  is 
neutralized ;  the  resulting  precipitate  is  taken  up  with  dilute  sulphuric  acid,  1  :  4, 
added  in  slight  excess.  The  resulting  solution,  warmed  to  70®,  is  titrated  with 
standard  potassium  permanganate. 

One  cc.  KMn04  N710  =0.0104  gram  Bi. 

Note.  Lead,  copper,  arsenic,  iron,  zinc,  and  tellurium  do  not  interfere.  Hy- 
drochloric  acid  shoula  not  be  used  to  dissolve  the  sample,  as  it  interfeies  with  the 
oxalate  precipitation. 

Cinchonine  Potassium  Iodide,  Colorimetric  Method  ^ 

This  method  is  applicable  for  the  determination  of  small  amounts  of  bis- 
muth, 0.00003  to  0.00015  gram,  in  ores  and  alloys.  The  procedure  depends 
upon  the  fact  that  bismuth  nitrate  produces  a  crimson  or  orange  color  when  its 
solution  is  added  to  a  solution  of  cinchonine  potassium  iodide,  the  intensity 
of  the  color  depending  upon  the  amount  of  bismuth  in  the  resulting  product. 

Special  Reagents.  Cinchonine  Potassium  l€}dide  Solution.  Ten  grams  of 
cinchonine  are  dissolved  by  treating  with  the  least  amount  of  nitric  acid  that 
is  necessary  to  form  a  viscous  mass  and  taking  up  with  about  100  cc.  of  water. 
The  acid  is  added  a  drop  at  a  time,  as  an  excess  must  be  avoided.  Twenty 
grams  of  potassium  iodide  are  dissolved  separately  and  cinchonine  solution  added. 
The  resulting  mixture  is  diluted  with  water  to  1000  cc.  After  allowing  the 
reagent  to  stand  forty-eight  hours,  any  precipitate  formed  is  filtered  off  and 
the  clear  product  is  ready  for  use.  The  reagent  preserved  in  a  glass-stoppered 
bottle  keeps  indefinitely.    It  should  be  filtered  free  of  suspended  matter  before  use. 

Standard  Bismuth  Solution,  One  gram  of  metallic  bismuth  is  dissolved 
in  the  least  amount  of  dilute  nitric  acid  (1:1)  that  is  necessary  to  keep  it  in 
solution  and  diluted  to  1000  cc,  in  a  graduated  flask.  One  hundred  cc.  of  this 
solution  is  diluted  to  1000  cc.  One  cc.  of  this  diluted  solution  contains  0.0001 
gram  bismuth. 

Procedure.  Isolation  of  Bismuth.  The  solution  is  freed  from  lead  by 
H^O^,  and  from  arsenic,  antimony,  and  tin  by  precipitation  of  the  sulphides 
and  extraction  with  NaiS  solution.  The  residual  sulphides  are  dissolved  in  hot 
dilute  nitric  acid,  according  to  the  standard  methods  of  procedure.  The  free 
nitric  acid  is  nearly  neutralized  by  the  cautious  addition  of  dilute  ammonia, 
the  last  portion  being  added  drop  by  drop,  until  a  faint  cloudiness  is  evident, 
and  then  10  to  15  cc.  of  10%  ammonium  carbonate  aie  added  with  constant 
stirring.  The  mixture  is  digested  for  about  three  hours  on  the  steam  bath, 
the  clear  soluticm  decanted  through  a  small  filter,  the  residue  washed  by  de- 
cantation  once  or  twice  with  hot  water  containing  ammonium  carbonate  and 
then  on  the  filter  twice  with  pure  hot  water. 

Colorimetric  Comparison 

The  residue  of  bismuth  basic  carbonate  is  dissolved  in  the  least  amount  of 
dilute  nitric  acid  necessary  to  effect  solution  and  the  filter  washed  free  of  bis- 
muth with  a  little  water  containing  a  few  drops  of  nitric  acid.  The  solution 
JA  made  up  to  a  definite  volume,  50  cc.  or  100  cc.  according  to  the  bulk  of 

*  Method  of  W.  C.  Ferguson. 
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precipitate  dissolved.  Two  small  beakers  placed  side  by  side  may  be  used 
for  the  color  comparison,  a  sheet  of  white  paper  or  tile  being  placed  under  the 
beakers.  Two  50-cc.  Nessler  tubes,  however,  are  preferred.  Three  cc.  of  dn- 
chonine  solution  are  added  to  each  container.  From  a  burette  the  bismuth 
nitrate  sample  is  run  into  one  of  these  containers  in  just  sufficient  quantity  to 
color  the  reagent  a  crimson  or  orange  tint.  The  exact  volume  required  to  do 
this  is  noted  and  the  equivalent  amount  of  sample  used  calculated.  (If  no 
color  is  produced  bismuth  is  absent.)  The  reagent  in  the  adjacent  beaker  or 
Nessler  tube  Ls  diluted  to  5  to  7  cc,  and  into  this  is  run,  from  a  burette,  the 
standard  bismuth  nitrate  solution  until  the  color  exactly  matches  the  sample. 
From  the  cc.  of  the  standard  required  the  amount  of  bismuth  in  the  saxai^ 
can  readilv  be  calculated. 

Reaction.    SKI+CigHaNaOKI+BiCNO,),  *  CiJIaNjOKIBiL+SKNO,. 

Precautions.  The  sensitiveness  of  the  method  is  lost  if  the  depth  of  color  is  too 
great.  It  is  necessary',  then,  to  add  the  sample  to  the  cinchonine  reagent  in  each 
quantity  only  as  will  produce  a  light  crimson  or  orange  color. 

Solutions  in  the  comparison  tubes  or  beakcis  must  not  be  overdiluted,  since  the 
bismuth  salt  formed  by  the  reaction  of  the  cinchonine  reagent  is  soluble  in  water 
with  the  disappearance  of  color  in  too  dilute  solutions. 

Comparison  must  be  expeditiously  made,  as  a  precipitate  is  apt  to  form  upon 
standing,  and  iodine  will  sometimes  separate. 

The  order  of  addition  must  bo  observed;  e.g.,  the  bismuth  solution  is  added  to 
the  cinchonine  reagent,  never  the  reverse. 

Colorimetric  Determination  of  Bismuth.    Bismuth  Iodide 

Method  1 

Bismuth  iodide  gives  an  intense  yellow,  orange,  or  red  color  to  its  solu' 
tion.  The  color  is  not  destroyed  by  SOj,  as  is  tliat  of  free  iodine.  The  intensity 
of  the  color  varies  as  follows: 

1  part  of  bismuth  in    10,000  parts  of  water  produces  an  orange-colored  solution. 
1  part  of  bismuth  in    40,000  parts  of  water  produces  a  light  orange  color. 
1  part  of  bismuth  in  100,000  parts  of  water  produces  a  faint  yellow  color. 

Reagents.    Standard  Bismuth  Solution,     One  gram  of  bismuth  is  dissolved 

in  3  cc.  of  strong  nitric  acid  and  with  2.8  cc.  of  water  and  made  up  to  100  cc. 
with  glycerine.  Glycerine  is  added  to  keep  the  Bili  in  solution.  Glyoerine 
is  not  nccessar>'  for  amounts  of  bisnmth  below  0.0075  gram  per  cc. 

Potassium  Iodide  Solution,  Five  grams  of  potassium  iodide  dissolved  in 
5  cc.  of  water  is  diluted  to  100  cc.  with  glycerine. 

Procedure.  The  sample  is  dLssolved  with  just  sufficient  nitric  acid  and 
water  necessary  to  cause  solution,  10  cc.  of  glycerine  and  10  cc.  of  potassium  iodide 
solution  added  and  the  sample  diluted  to  50  cc.  Comparison  is  now  made  with 
10  cc.  of  the  standard  bismuth  solution  to  which  has  been  added  10  cc.  of 
potassium  iodide  and  30  cc.  of  water.  It  Ls  advisable  to  have  the  standard 
stronger  in  bismuth  than  the  sample  and  to  draw  out  the  standard  from  the 
comparison  cylinder  until  the  two  colors  match. 

IT.  C.  Thresh,  Pharm.  Jour.,  641,  1880. 
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B      t  trt    11.A*     fomorp.  8p.gr,  2.45;  m.p.  2200°;  b.p.  sublimes. 
*  '  •    Xcryst.    sp.gr.  2.55;  m.p.  2500°;  b.p.  3500°  C;  oxide,  BjO, 

DETECTION 

FUme  Test.  Boric  acid  is  displaced  from  its  salts  by  nearly  all  acids, 
including  even  carbonic  jELcid.  Upon  ignition,  however,  it  in  turn  drives  out 
other  acids  which  are  volatile  at  lower  temperatures.  A  powdered  borate, 
previously  calcined,  is  moistened  with  sulphuric  acid  and  a  portion  placed  on 
the  loop  of  a  platinum  wire  is  heated  to  expel  the  sulphuric  acid,*  then  moistened 
with  glycerine  and  placed  in  the  colorless  flame;  a  green  color  will  be  imparted 
to  the  flame.  Copper  salts  should  be  removed  with  H2S  and  barium  as  BaS04  if 
present,  as  these  also  color  the  flame  green. 

The  flame  test  may  be  conveniently  made  by  treating  the  powdered  sample 
in  a  test-tube  with  sulphuric  acid  and  alcohol  (preferably  methyl  alcohol).  A 
cork  carrjang  a  glass  tube  is  inserted  and  the  test-tube  gently  warmed.  The 
escaping  gas  will  bum  with  a  green  flame. 

The  test  may  be  made  by  igniting  the  mixture  of  powder,  alcohol,  and  sul- 
phuric acid  in  an  open  porcelain  dish.  The  green  color  will  be  seen  in  presence 
of  a  borate.    The  test  is  not  as  delicate  as  the  one  with  the  test-tube. 

Borax  Bead.  NaiB407  •  lOH^O  fused  in  a  platimmi  loop,  swells  to  several 
times  its  original  volimie  as  the  water  of  crystallization  is  being  driven  out, 
then  contracts  to  a  clear  molten  bead.  If  the  bead  is  dipped  into  a  weak  solution 
of  cobalt  and  plunged  into  the  flame,  until  it  again  becomes  molten,  the  bead 
upon  cooling  will  be  colored  blue. 

Turmeric  Test.  A  few  drops  of  acetic  acid  are  added  together  with  2 
or  3  drops  of  an  alcoholic  tiumeric  solution  to  an  alcoholic  extract  of  the 
sample,  placed  in  a  porcelain  dish.  The  solution  is  diluted  with  water  and  then 
evaporated  to  dryness  on  the  water  bath.  1/1000  milligram  of  boric  acid  will 
produce  a  distinct  color,  2/100  milligram  will  give  a  strong  reddish-brown 
colored  residue,  which  becomes  bluish-black  when  treated  with  a  drop  of  sodium 
hydroxide  solution. 

ESTIMATION 

The  detennination  of  boron  is  required  in  the  valuation  of  borax, 
NasB/XlOH/);  boracite,  4MgB4072MgOMgCh ;  borocalcite,  CaBA-GH^O; 
hydroboracite;  boronatrocalcite,  etc.,  the  element  being  reported  generally  as 
the  oxide,  BjOj.  The  determination  is  required  for  obtaining  the  true  value  of 
commercial  boric  acid,  in  the  analysis  of  fluxes  and  certain  pigments.  It  is 
determined  as  a  food-preservative  in  milk,  meat,  canned  goods,  etc.  The  ele- 
ment is  determined  in  certain  alloys  of  nickel,  cobalt,  zinc,  chromium,  tungsten, 
molybdenum  and  in  the  analysis  of  steel. 

^SiUcateB  should  be  mixed  with  potassium  fluoride  and  potassium  acid  sulphate, 
KHSOi,  then  held  in  the  flame. 
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Preparation  and  Solution  of  the  Sample 

It  will  be  recalled  that  crystalline  boron  is  scarcely  attacked  by  acids  or 
alkaline  solutions;  the  amorphous  form,  however,  is  soluble  in  concentrated 
nitric  and  sulphuric  acids.  Both  forms  fused  with  potassium  hydroxide  are 
converted  to  potassium  metaborate.  Boric  acid  is  more  readily  soluble  in  pure 
water  than  in  hydrochloric,  nitric,  sulphuric,  or  acetic  acids,  but  still  more  soluble 
in  tartaric  acid  (Herz,  Chem.  Zentr.,  1903,  1,  312).  It  is  soluble  in  alcohol  and 
volatile  oils.  Borax  is  insoluble  in  alcohol.  With  acids  it  becomes  transposed 
to  boric  acid  and  the  sodium  salt  of  the  acid. 

Boric  Oxide  in  Silicates,  Enamel,  etc.  About  0.5  gram  of  the  finely  ground 
material  is  fused  with  five  times  its  weight  of  sodium  carbonate,  the  melt  extracted 
with  water  and  the  extracts,  containing  the  sodium  salt  of  boric  acid,  evap- 
orated to  small  volume.  The  greater  part  of  the  excess  sodium  carbonate 
is  neutralized  with  hydrochloric  acid  and  finally  made  acid  with  acetic  acid 
(litmus  paper  test  =: red).  Boric  oxide  is  now  determined  by  the  distillation 
process  according  to  the  procedure  given  later  in  the  chapter. 

Boronatrocalcite,  Borocaldte,  Boracite,  Calcium  Borate.  Ten  grams  of 
the  powdered  material  is  placed  in  a  flask  with  a  reflux  condenser  and  about  50 
cc.  of  normal  hydrochloric  acid  added  and  the  mixture  boiled  for  half  an  hour. 
The  contents  of  the  flask,  together  with  the  washings,  including  those  of  the 
reflux  condenser  (COi-free  water  being  used),  are  filtered  into  a  500-cc.  flask 
and  made  to  volume  with  COi-free  water.  Fifty  cc.  of  this  solution  is  titrated 
with  half-normal  sodium  hydroxide,  using  paranitrophenol  indicator.  When 
a  yellow  color  appears  the  hydrochloric  acid  has  been  neutralized.  A  second 
60-cc.  portion  is  now  taken  for  analysis  and  the  free  hydrochloric  acid  neutral- 
ized with  sodium  hydroxide,  using  the  amount  of  caustic  required  in  the  trial 
analysis  (this  time  without  an  indicator).  Mannitol  or  glycerol  are  now  added 
together  with  phenolphthalein  indicator  and  the  boric  acid  determined  by  titra- 
tion according  to  the  procedure  given  under  the  volumetric  determinations  for 
borax  and  boric  acid. 

Borax,  Boric  Acid.  Ten  grams  of  the  material  are  4i8solved  in  about 
300  cc.  of  water  (free  from  COj)  and  made  to  500  cc.  in  a  graduated  flask,  with 
pure  water.  One  hundred-cc.  portions  are  taken  for  analysis  and  the  solution 
titrated,  in  presence  of  mannitol  or  glycerol,  according  to  directions  given  under 
the  voltunetric  procedures. 

Boric  Acid  in  Mineral  Water.  Water  containing  more  than  0.1  gram 
boric  acid  per  liter,  200  to  300  cc,  is  evaporated  to  small  volume,  the  carbon- 
ates of  calcium,  magnesium,  etc.,  filtered  off,  the  filtrate  and  washings  con- 
centrated, slightly  acidified  with  acetic  acid  and  boric  acid  determined  by  the 
distillation  process. 

With  water  containing  traces  of  boric  acid,  10  to  15  liters  are  evaporated 
down  to  about  1  liter  and  the  deposited  salts  filtered  off  and  washed  with  hot  water. 
The  filtrate  is  evaporated  down  to  a  moist  residue.  If  the  residue  does  not 
amount  to  more  than  4  to  5  grams,  it  is  acidified  with  acetic  acid  and  the  boric 
acid  determined  by  distillation.  If  considerable  residue  is  present,  hydrochloric 
acid  is  added  to  acid  reaction,  and  then  the  mixture  digested  with  absolute 
alcohol  in  a  corked  flask  for  ten  to  fifteen  hours,  with  occasional  shaking.  The 
solution  is  filtered,  the   residue  washed  with  95%  alcohol,  the  filtrate  diluted 

^  water,  10  cc.  of  10%  sodium  hydroxide  solution  added  and  the  alcohol 
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distilled  off.  A  second  alcoholic  extraction  is  generally  recommended.  The 
final  alkaline  solution  is  taken  to  dryness  and  gently  ignited.  The  residue  is 
extracted  with  water,  made  acid  with  acetic  acid  and  BsOi  determined  by  dis- 
tillation. 

Carbonates.  The  material  is  treated  with  sufficient  acid  (M.  0.  indicator) 
to  liberate  all  the  Cd  and  react  with  the  combined  alkali  of  boric  and  carbonic 
acid;  it  is  boiled  in  a  flask  with  reflux  condenser  to  expel  COs,  ten  to  fifteen 
minutes,  the  solution  exactly  neutralized  with  sodium  hydroxide,  (M.  O.),  and  the 
liberated  boric  acid  titrated  in  presence  of  glycerol  and  phenolphthalein  as  usual. 

Boric  Add  in  Milk,  Butter,  Meat  and  Other  Foods 

Milk.^  One  hundred  cc.  of  milk  is  treated  with  1  to  2  grams  of  sodium 
hydroxide,  and  evaporated  to  dryness  in  a  platiniun  dish.  The  residue  is 
thoroughly  charred  *  by  gently  heating;  at  this  stage  care  must  be  exercised  or 
loss  of  boric  acid  will  result;  20  cc.  of  water  are  added,  the  sample  heated  and 
hydrochloric  acid  added  drop  by  drop  until  all  but  the  carbon  has  dissolved. 
The  mixture  is  washed  into  a  100-cc.  flask  with  as  little  water  as  possible,  0.5 
gram  calciimi  chloride  added,  then  a  few  drops  of  phenolphthalein  indicator, 
then  a  10%  sodium  hydroxide  solution  until  a  slight  permanent  pink  color 
is  obtained  and  finally  25  cc.  of  lime  water.  (All  PsOi  is  precipitated  as  calcium 
phosphate.)  The  liquid  is  made  to  100  cc,  mixed  thoroughly,  and  then  filtered 
through  a  dry  filter.  To  50  cc.  of  the  filtrate,  equivalent  to  50  cc.  of  the  milk 
taken,  normal  sulphuric  acid  is  added  until  the  pink  color  disappears,  then 
methyl  orange  indicator  is  added,  followed  by  more  of  the  standard  acid  until 
the  yellow  color  changes  to  a  faint  pink.  Carbon  dioxide  is  expelled  and  the 
liberated  boric  acid  titrated  in  presence  of  glycerine,  according  to  the  procedure 
given  for  evaluation  of  borax  and  boric  acid,  under  "Volumetric  Determination 
of  Boron." 

Butter.*  Twenty-five  grams  of  butter  are  weighed  out  in  a  beaker  and  25 
cc.  of  a  sugar  sulphuric  acid  mixture  added.  (Mix^^G  grams  sugar  of  milk, 
4  cc.  normal  sulphuric  acid  per  100  cc.  of  solution.)  The  beaker  is  placed  in  the 
oven  (100^  C.)  until  the  fat  is  melted  and  the  mixture  is  thoroughly  stirred. 
When  the  aqueous  solution  has  settled,  20  cc.  are  pipetted  out,  phenolphthalein 
added,  the  solution  brought  to  boiling  and  half-normal  sodium  hydroxide  added 
until  a  faint  pink  color  is  obtained.  Ten  cc.  of  neutral  glycerine  are  added 
and  the  titration  carried  on  until  a  permanent  pink  color  appears.  The  dif- 
ference between  the  two  titrations  multiplied  by  the  factor  for  equivalent  boric 
acid  gives  the  weight  of  boric  acid  in  the  portion  taken. 

The  determination  is  not  affected  by  the  phosphoric  or  butyric  acid  or  by 
the  sugar  of  milk  in  the  butter. 

Meat.^  Ten  grams  of  the  chopped  meat  are  mixed  in  a  mortar  with  40  to 
80  grams  of  anhydrous  sodium  sulphate,  and  dried  in  the  water  oven.  The 
mass  is  powdered,  then  placed  in  a  flask  and  100  cc.  of  methyl  alcohol  added 
and  allowed  to  stand  for  about  twelve  hours.  The  alcohol  is  distilled  into  a 
flask  and  saved.  Fifty  cc.  more  of  alcohol  are  added  to  the  residue  and  this 
again  distilled  into  the  first  distillate.    The  distillates  are  made  up  to  150  cc,  a 

»  R.  T.  Thomson,  Ghisgow  City  Anal.  See  Repts.,  1895,  p.  3. 

'The  milk  residue  thoroughly  charred  will  pve  a  colorless  solution  upon  extraction. 

•  H.  Droop  Richmond  and  J.  B.  P.  Harrison,  Analyst,  27,  197. 

•  C.  Fresenius  and  G.  Popp,  Chem.  Centr.,  1897,  2,  69. 
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50-cc.  portion  diluted  with  50  cc.  of  water  and  50  cc.  of  neutral  glycerine  added 
with  phenolphthalein  indicator,  and  the  boric  acid  titrated  with  twentieth- 
normal  sodium  hydroxide. 

One  cc.  N/20  NaOH  =0.0031  gram  boric  acid,  H|B0|. 

Boric  acid  in  canned  goods,  sauces,  cereals,  etc.,  may  be  determined  by 
evaporation  of  the  substance  with  sodium  hydroxide  and  incineration  as  in 
case  of  milk.  The  sodium  hydroxide  is  neutralized  and  boric  acid  titrated  as 
usual. 

GRAVIMETRIC  DETERMINATION  OF  BORON 

The  solubility  of  boron  compounds  prevents  complete  precipitation  by  any 
of  the  known  reagents,  hence  most  of  the  gravimetric  methods  are  indirect. 

Distillation  as  Methyl  Borate  and  Fixation  by  Lime  ^ 

This  excellent  method,  worked  out  by  Rosenbladt  and  Gooch,  and  highly 
recommended  by  Treadwell  and  Hall,  dejjends  upon  the  fact  that  the  borates 
of  alkaline  earths  and  alkalies  give  up  their  boron  in  the  form  of  the  volatile 
methyl  borate  (6.p.,  65°  C),  when  they  are  distilled  with  absolute  methyl  alcohol 
(acetone-free).    The  methyl  borate  passed  over  lime  in  presence  of  water  is 

completely  saponified,  the  liberated 
boric  acid  combining  with  the  lime  to 
form  calcium  borate,  which  may  be 
dried,  ignited,  and  weighed.  The  in- 
crease of  the  weight  of  the  lime  repre- 
sents the  BsOs  in  the  sample. 

2B(OCH,)3+CaO+6H,0 

=6CH,OH+Ca(BO02+3H3O. 

Procedure.  About  1  gram  of  pure 
calcium  oxide  is  ignited  to  constant 
weight  over  a  blast  lamp  and  then 
transferred  to  the  dry,  Erlenmeyer 
receiving  flask  (Fig.  8).  The  crucible 
in  which  the  lime  was  heated  and 
weighed  is  set  aside  in  a  desiccator  for 
later  use. 

0.2  gram  or  less  of  the  alkali  borates, 
obtained  in  solution  by  a  procedure 
given  under  "Preparation  of  the  Sam- 
ple," is  treated  with  afewdrops  of  htmus 
(or  lacmoid),  solution  and  the  free  al- 
kali neutralized  with  dilute  HCl  solution 
added  drop  by  drop.  A  drop  of  dilute 
sodium  hydroxide  solution  is  added  and 
then  a  few  drops  of  acetic  acid.  The  slightly  acid  solution  is  transferred  to  the 
pipette-shaped  retort  /?,  Fig.  8,  by  means  of  the  attached  funnel,  F,  washing 
out  the  beaker  and  funnel  with  three  2-  to  3-cc.  portions  of  water.    The  stop- 

1  Zeit.  f.  anal.  Chem.,  27  (1887,  pp.  18, 364).    Anal.  Chem.,  Treadwell-Hall,  Vol.  2. 
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Fig.  8. — Distillation  of  Methyl  Borate. 
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cock  of  the  funnel  is  closed,  the  apparatus  is  connected  up  as  shown  in  the  illua- 
trationy  the  parafiBne  bath,  heated  to  not  over  140°  C,  placed  in  position  and 
the  liquid  in  the  retort  distilled  into  the  receiver  containing  the  known  amount 
of  lime.  When  all  the  liquid  has  distilled  over,  the  parafiine  bath  is  lowered, 
the  retort  allowed  to  cool  for  a  few  minutes,  10  cc.  of  methyl  alcohol  (acetone- 
free)  added  to  the  residue  in  R  and  the  contents  again  distilled  by  replacing 
the  paraffine  bath.  The  process  is  repeated  three  times  with  methyl  alcohol. 
The  contents  of  the  retort  (which  are  now  alkaline),  are  made  distinctly  acid 
by  addition  of  acetic  acid,  and  three  more  distillations  made  with  100-cc.  portions 
of  methyl  alcohol,  as  before.  The  paraffine  bath  is  now  removed,  the  receiving 
flask  is  stoppered,  the  contents  thoroughly  mixed  by  shaking,  and  set  aside  for 
an  hour  or  more  for  complete  saponification  of  the  methyl  borate.  The  con- 
tents are  now  poured  into  a  large  platinum  dish  and  evaporated  on  the  water 
bath  at  a  temperature  below  the  boiling-point  of  the  alcohol.  (Loss  of  boric 
acid  will  occur  if  the  alcohol  boils.)  The  adhering  lime  in  the  receiving  flask 
is  dissolved  by  wetting  its  entire  surface  with  a  few  drops  of  dilute  nitric  acid 
(the  flask  being  inclined  and  revolved  to  flow  the  acid  over  its  sides).  The 
contents  are  transferred  to  the  dish  with  a  little  water  and  the  evaporation 
repeated.  Xo  loss  of  boric  acid  will  take  place  at  this  stage,  the  alcohol  having 
b«Bn  removed  during  the  first  evaporation.  The  residue  is  gently  heated  to 
destroy  any  calcium  acetate  that  may  have  formed,  the  cooled  borate  and 
lime  are  taken  up  with  a  little  water  and  transferred  to  the  crucible  in  which 
the  lime  was  heated  and  weighed.  The  material  clinging  to  the  dish  is  dis- 
solved with  a  little  nitric  acid  (or  acetic  acid),  and  washed  into  the  crucible. 
The  contents  of  the  crucible  are  evaporated  to  dryness  on  the  water  bath,  then 
heated  very  gently  over  a  flame  (the  crucible  being  covered)  and  finally  more 
strongly.  The  heating  is  continued  until  a  constant  weight  is  obtained.  The 
increase  of  weight  of  the  lime  represents  the  amount  of  BiOs  in  the  sample. 

Notes.  Gooch  and  Jones  worked  out  a  procedure  which  utilizes  sodium  tim^- 
state  as  a  retainer  of  the  methyl  borate,  in  place  of  the  lime.  This  substance  is 
definite  in  weight,  not  hydroscopic,  soluble  in  water,  and  recoverable  in  its  original 
weight  after  evaporation  and  ignition.  "Methods  in  Chem.  Anal.,"  p.  204,  1st  Ed. 
Gooch,  John  Wiley  &  Sons,  Publishers. 

The  receiving  flask  has  a  cork  stopper  with  a  hole  to  accommodate  the  tube  of 
the  condenser  and  a  slit  to  permit  the  escape  of  air  from  the  flask. 

Gooch  recommends  cooling  of  the  receiving  flask. 
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VOLUMETRIC  DETERMINATION  OF  BORON 

Titration  of  Boric  Acid  in  Presence  of  Mannitol  or  Qlycerol 

Evaluation  of  Borax 

The  method  takes  advantage  of  the  fact  that  boric  acid  reacts  neutid 
methyl  orange  (or  paranitrophenol),  but  is  acid  to  phenolphthalein,  and 
be  quantitatively  titrated    in    the  presence  of  mannitol  or  of  glycerol, 
prevent  the  hydrolization  of  sodium  borate.    If  insufficient  mannitol  or 
are  present  the  color  change  takes  place  too  soon,  the  color  fading  upon 
more  of  these  substances.    The  end-point  is  reached  when  the  further 
of  these  reagents  produces  no  fading  of  the  color.    In  the  procedure,  the 
is  neutralized  in  presence  of  methyl  orange  (or  paranitrophenol),  and  the  liberated; 
lK)ric  acid  is  now  titrated. 

Reactions.    Na2H407-|-2HCH-5H,0  =2NaCl+4H,BO, 
H30,-|-NaOH  =NaB0»+2H,0. 

Procedure.  One  hundred  cc.  of  the  solution  containing  the  borax,  p» 
[)arcd  according  to  directions  under  **  Preparation  and  Solution  of  the  Sample,* 
ecjuivalent  to  2  grams  of  the  substance,  is  taken  for  analysis. 

A.  Titration  of  Combined  or  Free  Alkali.  Methyl  orange  indicator  ii 
added  and  the  solution  is  titrated  with  normal  or  half-normal  sulphuric  aeid 
until  the  yellow  color  is  replaced  by  an  orange  red.  (With  paranitrophenol  the 
solution  becomes  colorless.)  From  this  titration  the  combined  alkali,  togeths 
with  any  free  alkali,  is  calculated.  If  free  alkali  is  known  to  be  absent  (floe 
note),  the  amount  of  borax  may  be  calculated. 

One  cc.  N.  H2SO4  =0.031  gram  Na,0,  or  =0.1911  gram  Na,B4O7-10HA 
or  =0.101  gram  NaaB407. 

B.  Titration  of  Boric  Acid.  The  liberated  boric  acid  may  now  be  titratii. 
with  caustic.  This  may  be  accomplished  either  on  the  above  portion  or  on 
fresh  100-cc.  portion  (free  from  methyl  orange  indicator),  to  which  the  am< 
of  acid,  reciuired  to  neutralize  the  alkali,  has  been  added.  Fifty  cc.  of  neutnt 
glycerol  or  1  gram  of  mannitol  are  added,  followed  by  phenolphthalein  indicator.  ] 
Xomial  or  half-normal  sodium  hydroxide  Ls  added  from  a  burette  until  a  change 
of  color  takes  place.  If  methyl  orange  is  [)resent,  the  color,  first  becoming  yellow, 
changes  to  an  orange  red.  In  absence  of  methyl  orange  the  characteristie 
lavender  or  purplish  pink  of  alkali  phenolphthalein  is  obtained.  More  glycerol 
or  mannitol  is  now  added  and  if  the  color  fades  the  titration  is  continued  until 
the  addition  of  these  reagents  no  longer  produces  this  fading  of  the  end-point, 
From  this  titration  boric  acid  is  calculated  and  the  equivalent  borax  determined. 

One  cc.  N.  NaOII  =0.062  gram  H3BO,,  equivalent  to  0.0505  NatBA>  or 
0.0955  \ajB4O7lOH2O. 

Factors.     Na,0  to  XajBA  =3.2581 ,  reciprocal  =0.3069. 

Na^O  to  XaoBA-  IOH2O  =6.1638,  recip.  =0.1622. 

NatjO  to  Xa^COa  =  1.7097,  recip.  =0.5849. 

XajO  to  XaiCOs-  IOH2O  =4.6155,  recip.  =0.2167. 

Notes.  In  borax  (free  from  exceas  lijOj  or  NajO),  the  acid  titration  is  half  the 
subsequent  alkali  titration  (factor,  acid  to  borax  =0.1911,  alkali  to  borax  »> 0.0955). 
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If  the  acid  titration  exceeds  this  proportion,  alkali  other  than  that  combined  with 
boric  acid  is  indicated;  if  the  alkali  titration  is  greater  than  twice  the  acid  titration, 
free  boric  acid  is  indicated. 

The  glycerol  should  be  made  neutral  with  N/10  NaOH  before  use,  in  case  it  con- 
tains free  fatty  acids. 

Mannitol  is  a  solid  and  has  some  advantages  over  glycerol;  it  gives  a  sharper 
end-point,  is  less  apt  to  contain  free  acids  and  does  not  appreciably  alter  the  bulk 
of  the  solution  to  which  it  is  added.     (L.  C.  Jones.  C.  N.,  80,  65,  1899). 

N.B.  Paper  on  use  of  mannitol  and  glycerol  in  determining  boric  acid,  by  R. 
T.  Thomson,  J.  S.  C.  I..  12,  432. 

Example,  By  actual  test  2  grams  NatB407lOHsO  required  10.66  cc.  N.  H3S04» 
10.66X0.1911=2.037  gram  NajB^QT-lOHzO.  The  Uberated  H|B0,  required  21.39 
cc.  of  N.  NaOH  =21.39X0.0955  =  2.043  gram  Na«B407  •  IOH2O.  The  borax  had  lost 
a  small  amount  of  water  of  crystallization,  hence  the  high  results  when  calculated  to 
Na,B^ .  IOH2O. 

EVALUATION  OF  BORIC  ACID 

One  hundred  cc.  of  the  solution,  prepared  as  directed  under  "Preparation 
of  the  Sample,''  equivalent  to  2  grams  of  the  original  material,  is  treated  with 
50  cc.  of  glycerol  or  1  gram  of  mannitol,  and  the  acid  titrated  with  standard 
caustic,  in  presence  of  phenolphthalein  indicator  according  to  the  procedure 
given  in  B^  under  "Evaluation  of  Borax." 

One  cc.  normal  acid  contains  0.062  gram  HsBOa,  hence  the  cc.  of  caustic 
required  multiplied  by  0.062  =  grams  boric  acid. 

Examples.  Two  grams  H»BOi  by  actual  test  required  32.1  cc.  N.  NaOH 
=32.1  X. 062  =  1.99  grams  H,BO,. 

Detection  of  Minute  Amounts  of  Boron. 

Robin's  Test  for  Boron*  To  a  few  drops  of  the  aqueous  solution  under  examination 
(slightly  acidified  with  HCl)  are  added  two  drops  of  a  tincture  of  mimosa  flowers,  and 
the  mixture  evaporated  to  dryness  on  the  water  bath.  The  residue  is  treated  with 
dihite  anunonia  water,  whereupon  in  presence  of  boric  acid,  a  rose  pink  to  blood  red 
color  develops,  according  to  the  amount  present.  L.  Robin  claims  that  as  little  as 
0.0001  milligram  may  be  detected  in  presence  of  nitrates,  chlorides,  iodides,  or  calcium 
sulphate.  Organic  acids  and  sodium  phosphate  interfere.  The  reagent  is  prepared  by 
extracting  the  mimosa  flowers  with  ethvl  alcohol.  The  extract  is  protected  from  the 
light. 
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DETECTION 

Silver  Nitrate    solution    precipitates  silver    bromide,   AgBr,   light 
from  solutions   containing  the   bromine   anion.    The  precipitate   is   i 
in   dilute   nitric   acid,  but   dissolves  with   difficulty  in   anmionium   h; 
and  is  practically  insoluble  in  ammoniimi  carbonate  solution  (distinction 
AgCl). 

Carbon  Disulphide  or  Carbon  Tetrachloride  shaken   with  free    broauBt 
solution,  or  with  a  bromide  to  which  a  little  chlorine  water  has  been  ad< 
(a  large  excess  of  chlorine  must  be  avoided,  as  this  forms  BrCl  compound), 
absorb  the  bromine  and  become  a  reddish-yellow  color,  or^  much  b: 
is  present,  a  brown  to  brownish-black.    In  the  latter  case  a  smaller 
should  be  taken  to  distinguish  it  from  iodine. 

Bromates  are  first  reduced  by  a  suitable  reducing  agent  such  as  cold  oxalie 
acid,  sodium  nitrite,  hydrochloric  acid,  etc.,  and  the  liberated  bromine  tested 
as  directed  above.  Silver  nitrate  added  to  bromates  in  solution  predpttatM 
AgBrOa,  which  is  decomposed  by  hydrochloric  acid  to  bromine  gas. 

Barium  Chloride  precipitates  Ba(Br03)2,  which  is  reduced  readily  to  brominB 
as  directed  above. 

Magenta  Test  for  Bromine.^  The  test  reagent  is  made  by  adding  10  OB. 
of  0.1%  solution  of  magenta  to  100  cc.  of  5%  solution  of  sulphurous  acid  and^ 
allowing  to  stand  until  colorless.  This  is  the  stock  solution.  Twenty-five  oe. 
of  this  reagent  Ls  mixed  with  25  cc.  of  glacial  acetic  acid  and  1  cc.  of  sulphnrie 
acid.     Five  cc.  of  this  is  used  in  the  test. 

Test.  Five  cc.  of  the  magenta  reagent  is  mixed  with  1  cc.  of  the  solutioB 
tested.  Chlorine  produces  a  yellow  color.  Bromine  gives  a  reddish-violel 
coloration.  The  colored  compound  in  each  case  may  be  taken  up  with  chlonh- 
form  or  carbon  tetrachloride  and  a  colorimetric  comparison  made  with  a 
standard. 

In  halogen  mixes,  iodine  is  first  eliminated  by  heating  with  an  iron  per^ 
salt.  Bromine  is  now  liberated  by  adding  sulphuric  acid  and  potassium  chiomate. 
A  glass  rod  with  a  pendant  drop  of  sodium  hydroxide  is  held  in  the  vapor  to 
absorb  bromine,  and  the  drop  then  tested  with  the  magenta  reagent.  After 
iodine  and  bromine  are  eliminated,  chlorine  may  be  tested  by  heating  the  sub-. 
stance  with  potassium  pcnnanganate,  which  liberates  this  halogen. 

1  G.  Dertigds  and  L.  Chelle.  Ann.  Chim.  anal.,  1913,  18,  11-15;  The  Analyst, 
1913,  119. 
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ESTIMATION 

Bromine  never  occurs  free  in  nature.  It  is  found  chiefly  combined  with 
the  alkalies  and  the  alkaline  earths,  hence  occurs  in  many  saline  springs  and 
is  a  by-product  of  the  salt  industry.  It  is  found  in  silician  zinc  ores,  Chili 
saltpeter,  in  sea  water  (probably  as  MgBrs),  in  marine  plants.  Traces  occur  in 
coal,  hence  in  gas  liquors. 

The  substance  is  used  in  metallurgy,  the  arts,  and  medicine.  It  is  a  valu- 
able oxidizing  agent  for  the  laboratory. 

Preparation  and  Solution  of  the  Sample 

The  following  facts  regarding  solubility  should  be  remembered:  The  ele- 
ment bromine  is  very  soluble  in  alcohol,  ether,  chloroform,  carbon  disulphide, 
carbon  tetrachloride,  concentrated  hydrochloric  acid  and  in  potassium  bromide 
solution.  One  hundred  cc.  of  water  at  0**  C.  is  saturated  with  4.17  grams  of 
bromine,  and  at  50**  C.  with  3.49  grams.  The  presence  of  a  number  of  salts 
increases  its  solubility  in  water,  e.g.,  BaClj,  SrCU,  etc. 

XoTE.  The  element  is  a  dark,  brownish-red,  volatile  liquid,  givin^^  off  a  dark  reddish 
vapor  with  suffocating  odor,  irritating  the  mucous  membrane  (antidote  dil.  NH4OH, 
ether),  very  corrosive.  Acts  violently  on  hydrogen,  sulphur,  phosphorus,  arsenic, 
antimony,  tin,  the  heavy  metals,  and  on  potassium,  but  has  no  action  on  sodium, 
even  at  200°  <J.  Bleaches  indigo,  litmus,  and  most  organic  coloring  matter.  It  is  a 
strong  oxidizing  agent.  Bromme  displaces  iodine  from  its  salts,  but  is  displaced  by 
chlorine  from  its  combinations. 

Bromides  are  soluble  in  water,  with  the  exception  of  silver,  mercury,  lead, 
and  cuprous  bromides. 

Bromates  are  soluble  in  water  with  the  exception  of  barium  and  silver  bro- 
mates  and  some  basic  bromates. 

Decomposition  of  Organic  Matter  for  Determination  of  Bromine.  The 
substance  is  decomposed  with  nitric  acid  in  presence  of  silver  nitrate  in  a  bomb 
combustion  tube  by  the  Carius  method  described  in  the  chapter  on  Chlorine, 
under  "Preparation  and  Solution  of  the  Sample "  The  residue,  containing 
the  halides,  is  dissolved  in  warm  ammonia  water,  and  filtered,  as  stated.  The 
filtrate  and  washings  are  acidified  with  nitric  acid,  heated  to  boiling  and  the 
silver  bromide  settled  in  the  dark,  then  filtered  through  a  weighed  Gooch  cru- 
cible, the  washed  precipitate  dried  at  130**  C.  and  weighed  as  AgBr. 

In  presence  of  two  or  three  halogens  the  lime  method  is  recommended,  as 
given  in  the  chapter  on  chlorine,  page  122. 

Salts  of  Bromine.  The  ready  solubility  of  bromides  and  bromates  has  been 
mentioned.  A  water  extract  is  generally  suflicient.  Insoluble  salts  are  decom- 
posed by  acidifying  with  dilute  sulphuric  acid  and  adding  metallic  zinc.  The 
filtrate  contains  the  halogens. 

SEPARATIONS 

Separation  of  Bromine  from  the  Heavy  Metals.  Bromides  of  the  heavy 
metals  are  transposed  by  boiling  with  sodium  carbonate,  the  metals  being  pre- 
cipitated as  carbonates  and  sodium  bromide  remaining  in  solution. 

Separation  of  Bromine  from  Silver  (AgBr)  and  from  Cyanides  (AgCN). 
The  silver  salts  are  heated  to  fusion.    The  mass  is  now  treated  with  an  excess 
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of  zinc  and  sulphuric  acid,  the  metallic  silver  and  the  paracyanogen  fill 
off  and  the  bromine  determined  in  the  filtrate. 

Separation  of  Bromine  from  Chlorine  or  from  Iodine.    Details  of 
procedure  for  determining  the  halogens  in  presence  of  one  another  is  given 
the  chapter  on  Chlorine,  page  130.    Free  bromine  is  liberated  when  the 
tion  of  its  salt  is  treated  with  chlorine. 

Separation  of  Bromine  from  Iodine.^    The  neutral  solution  coni 
the  bromide  and  iodide  is  diluted  to  about  700  cc.  and  2  to  3  cc.  of  dilute 
phuric  acid,  1:1,  added,  together  with  about  10  cc.  of  10%  sodium 
NaNOs,  solution.    (Nitrous  acid  gas  may  be  passed  through  the  solutioa 
place  of  adding  sodium  nitrite,  if  desired.)  *    The  solution  containing  the 
is  boiled  until  colorless  and  about  twenty  minutes  longer,  keeping  the 
of  solution  above  600  cc.    0.5  gram  KI  may  be  decomposed  and  the 
expelled  from  the  bromide  in  half  an  hour.    The  bromine  is  precipitated  from 
residue  remaining  in  the  flask  by  addition  of  an  excess  of  silver  nitrate 
determined  as  silver  bromide. 

The  procedure  for  determining  iodine  is  given  in  the  chapter  on  this  subjeet 


GRAVIMETRIC  METHODS 

Precipitation  as  Silver  Bromide 

The  general  directions  for  determination  of  hydrochloric  acid  and  chloridn 
apply  for  determining  hydrobromic  acid  and  bromides. 

I.  Hydrobromic  Acid  and  Bromides  of  the  Alkalies  and  Alkaline  Sartti. 
Procedure.    The  bromide  in  cold  solution  is  made  slightly  acid  with  nitiil 

acid  and  then  silver  nitrate  added  slowly  with  constant  stirring  until  a  sl%| 
excess  is  present.  The  mixture  is  now  heated  to  boiling  and  the  precipitatf 
settled  in  the  dark,  then  filtered  through  a  weighed  Gooch  crucible,  and  wai^ 
with  water  containing  a  little  nitric  acid  and  finally  with  pure  water  to  removf 
the  nitric  acid.    After  ignition  the  silver  bromide  is  cooled  and  weighed  as  AgBr. 

AgBrX 0.4256=  Br,  or  X0.6337=KBr. 

II.  Heavy  Metals  Present. 
If  heavy  metals  are  present  it  is  not  always  possible  to  precipitate  silwr 

bromide  directly.  The  heavy  metals  may  be  removed  by  precipitation  wift 
anunonia,  sodium  hydroxide  or  carbonate  and  the  bromide  then  determined 
in  the  filtrate  as  usual. 

VOLUMETRIC   METHODS 

Free  hydrohromic  acid  may  be  titrated  with  standard  alkali  exactly  as  is 
described  for  the  determination  of  hydrochloric  acid  in  the  chapter  on  Acids. 
One  cc.  normal  caustic  solution  is  equivalent  to  0.08093  gram  HBr. 

*  F.  A.  Gooch  and  J.  R.  Ensign.  Am.  Jour.  Sci.,  (3),  xl,  145. 

*  Nitrous  acid  gas  Ls  generated  by  dropping  dilute  HjSO*,  by  means  of  a  separaUxy 
funnel  onto  sodium  nitrite  in  a  flask. 
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Determination  of  Free  Bromine.    Potassium  Iodide  Method 

The  method  depends  upon  the  reaction  KI+Br  »KBr+I. 

Procedure.  A  measured  amount  of  the  sample  is  added  to  an  excess  of 
(KHassium  iodide,  in  a  glass-stoppered  bottle,  holding  the  point  of  the  delivering 
borette  just  above  the  potassium  iodide  solution.  The  stoppered  bottle  is 
Aai  well  shaken,  and  the  liberated  iodine  titrated  with  standard  thiosulphate 
nlutioii. 

One  cc.  of  N/10  thiosulphate,  Na,S,Oa  =0.007992  gram  Br. 

Determination  of  Bromine  in  Soluble  Bromides.    Liberation  of 

Bromine  by  Addition  of  Free  Chlorine 

When  chlorine  is  added  to  a  colorless  solution  of  a  soluble  bromide,  bromine 
is  liberated,  coloring  the  solution  yellow.  At  boiling  temperature  the  bromine  is 
rolatiliied,  the  liquid  becoming  again  colorless.  When  the  bromide  is  completely 
iecomposed  and  bromine  expelled,  further  addition  of  chlorine  produces  no  color 
reaction.     KBr+Cl  =KC1+Br. 

Procedure.  Tlie  solution  containing  the  bromide  is  heated  to  boiling  and 
standard  chlorine  water  added  from  a  burette  (protected  from  the  light  by 
being  covered  with  black  paper),  the  tip  of  the  burette  being  held  just  above 
the  surface  of  the  hot  bromide  solution  to  prevent  loss  of  chlorine.  The  reagent 
is  added  in  small  portions  until  finally  no  yellow  coloration  is  produced.  From 
the  value  per  cc.  of  the  chlorine  reagent  the  bromine  content  is  readily  calculated . 

Standard  Chlorine  Water.  The  reagent  is  made  by  diluting  100  cc.  of 
irater  saturated  with  chlorine  to  500  cc.  This  solution  is  standardized  against 
a  known  amount  of  pure  potassium  bromide  (dried  at  170**  C),  the  same 
amount  of  bromide  being  taken  as  is  supposed  to  be  present  in  the  solution 
examined.    The  value  per  cc.  of  the  reagent  is  thus  established. 

Silver«Thiocyanate«Ferric  Alum  Method.    (Volhard) 

The  procedure  is  the  same  as  that  used  for  the  determination  of  chlorine. 
rhe  bromide  solution  is  treated  with  an  excess  of  tenth-normal  silver  nitrate 
solution,  and  the  excess  of  this  reagent  determined  by  titration  with  ammonium 
:hioc>'anate,  using  ferric  alum  indicator.  One  cc.  of  the  thiocyanate  should  be 
equivalent  to  1  cc.  of  silver  nitrate  solution.  The  formation  of  the  red  ferric 
iiioc>'anate  indicates  the  completed  reaction.  (Consult  the  procedure  in  the 
rhapter  on  Chlorine,  page  125.) 

One  cc.  of  N/10  AgNO,  =0.007992  gram  Br. 

Determination  of  Traces  of  Bromine 

By  means  of  the  magenta  reagent, described  under  "Detection,"  small 
imounts  of  bromine  may  be  determined  colorimetrically. 

To  5  cc.  of  the  solution  is  added  0.2  cc.  of  strong  hydrochloric  acid,  1  cc. 
►f  concentrated  sulphuric  acid,  1  cc.  of  the  stock  magenta  reagent  and  0.2  cc. 
>f  a  10%  solution  of  potassium  chromate,  shaking  the  mixture  with  additior 
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of  each  reagent,  and  without  cooling,  1  cc.  of  chloroform  is  added.     CompariBoa 
is  made  with  a  standard  sample  containing  a  known  amount  of  bromide.^ 

Note.    A  solution  containing  0.001  gram  bromine  per  liter  has  a  viol^  to  reddiih  ! 
violet  color. 


Determination  of  Bromates  by  Reduction  with    Arsenous  Add 

and  Titration  of  the  Excess ' 


Bromic  acid  may  be  reduced  by  arsenous  acid  in  accordance  with  the 
tion  3HsAs03+HBrOa=3H»As04+HBr.    In  the  process  a  considerable 
of  ai^cnous  acid  is  added^  the  excess  titrated  with  iodine  and  the  bromate 
calculated. 

Procedure.  The  sample  of  bromate,  dissolved  in  water,  is  treated  with  a 
considerable  excess  of  N/10  arsenous  oxide  (dissolved  in  alkali  hydrogen  ca^ 
bonate)  reagent,  the  solution  then  acidified  with  3  cc.  to  7  cc.  of  dilute  sul- 
phuric acid  (1  :  1)  and  diluted  to  a  volume  not  exceeding  200  cc.  After  boiling 
for  ten  minutes,  the  free  acid  is  neutralized  with  alkali  hydrogen  carbooate 
(NaHCOs  or  KHCOs)  and  the  excess  of  arsenite  titrated  with  N/10  iodine. 

Let  X  cc.  equal  the  difference  between  the  two  titrations  with  N/10  iodine  (Le. 
of  total  arsenite  minus  excess  arsenite)  and  w  equal  the  weight  of  bromate  de- 
sired, then 


w 


-( 


X  cc.Xmol.  wt.  RBK)j\     .,,. 

6X10X1000 j^^^g^- 


ANALYSIS  OF  CRUDE  POTASSIUM  BROMIDE  AND      . 

COMMERCIAL  BROMINE 

Determination  of  Chlorine,  Combined  or  Free 

This  is  the  principal  impurity  present  and  its  estimation  is  concerned  here. 
Andrews'  modification  of  Bugarszk's  method  *  is  as  follows: 

Procedure.  The  following  amount  of  sample  and  reagents  should  be 
taken. 


Approx.  por  cent  Impurity 
if  KCl  Present  I8 

Amount  Substance  to 
be  Taken,  Gram. 

lodatc  Solution  1/5  N. 
Required:  cc. 

LN.  HNOa  Required, 
cc. 

Over  5 
1 . 5  to  5 
0.2to  1.5 

0.6 
1.8 
3.6 

36 

96 

186 

20 
26 
35 

iG.  Denig6s  and  L.  Chellc,  Ann.  Chem.  anal.,  1913, 18-15;  Analyst,  1913,  p.  119. 
By  means  of  the  magenta  reagent  it  is  possible  to  detect  bromine  in  tne  ash  of 

Elants,   beet  root,   spinach,  etc.     The  organic   substance  may  be   decomposed  by 
eating  in  a  combustion  tube.     Filter  paper  moistened  with  the  reagent  and  held  in 
the  funics  of  the  organic  substances  gives  the  characteristic  test  if  bromine  is  present. 
2  Method  of  F.  A.  Gooch  and  J.  C.  Blake,  Am.  Jour.  Sci.,  14,  Oct.,  1902.    Pro- 
cedure conmiunicated  to  the  Editor  by  Prof.  Gooch. 

8  Jour.  Am.  Chem.  Soc,  1907,  29,  275-283;  Zeits.  anorg.  Chem.,  1895,  10,  387. 
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The  mixture  is  gently  heated  to  boiling  in  a  long-necked  Kjeldahl  flask, 
inclined  at  an  angle  of  30°,  potassium  iodate  solution  added,  then  nitric  acid 
and  sufficient  water  to  make  the  volume  about  250  cc.  The  boiling  is  con- 
tinued until  bromine  is  expelled  (test  steam  with  2%  KI  solution  rendered 
faintly  acid  with  hydrochloric  acid).  The  mixture  is  boiled  down  to  not  below 
90  cc.  Now  1  to  1.5  cc.  of  25%  phosphorus  acid  are  added  and  the  mixture 
boiled  for  five  minutes  after  all  the  iodine  has  been  expelled.  The  colorless 
liquid  is  cooled,  mixed  with  a  slight  excess  of  1/20  or  1/50  normal  silver  nitrate 
solution  (according  to  the  proportion  of  chloride),  the  excess  of  silver  nitrate 
then  determined  by  titration  with  standard  thiocyanate  with  ferric  nitrate  as 
indicator.  (See  procedure  for  silver-thiocyanate-ferric  alum  method  of  Volhard 
for  determination  of  chlorine,  page  125.) 

Determination  of  Chlorine  in  Crude  Bromine 

Three  grams  of  bromine  (or  more  if  less  than  0.5%  chlorine  is  present)  in 
50  cc.  of  4%  potassium  iodide  solution  in  a  glass-stoppered  flask  (cooled  in  ice 
during  hot  weather)  are  shaken  and  then  transferred  to  a  Kjeldahl  flask.  Sixty 
cc.  of  1/5  N.  KIOi  solution  and  24  cc.  2N.  HNOj  introduced,  the  solution 
diluted  to  250  cc.  and  chlorine  determined  as  directed  above. 


CADMIUM 

Wilfred  W.  Scott 
Cd,at.wt.  112 A;   ap.gr.  8.642;  nup.  320.9""^;    b.p.   ll^""  C;    oxide,    CdO 

DETECTION 

Cadmium  is  precipitated  by  hydrogen  sulphide  from  an  acid  solution  as 
yellow  cadmium  sulphide,  CdS.  The  precipitate  is  insoluble  in  ammonium 
sulphide  (distinction  from  arsenic,  antimony,  and  tin),  but  dissolves  upon 
addition  of  hot  nitric  acid  (separation  from  mercury).  Upon  addition  of  sul- 
phuric acid  and  expulsion  of  nitric  by  taking  the  solution  to  SOi  fumes,  and 
dilution  with  water,  cadmium  remains  in  solution  (lead  is  precipitated,  PbS04). 
Bismuth  is  precipitated  by  ammonium  hydroxide  and  removed  by  filtration. 
Potassium  cyanide  is  added  to  prevent  the  precipitation  of  copper  sulphide; 
and  hydrogen  sulphide  is  led  into  the  solution,  whereupon  cadmium  precipitates 
as  yellow  CdS. 

Cadmium  gives  a  brilliant  spectrum  of  green  and  blue  lines. 

Blowpipe  Tests.  Heated  on  charcoal  in  the  reducing  flame,  cadmium  gives 
a  brown  incrustation.    The  residue  is  volatile  in  the  reducing  flame. 

ESTIMATION 

The  element  occurs  combined  as  the  sulphide  in  small  quantities.  In  the 
mineral  greenockite  it  occurs  as  the  principal  element.  As  it  occurs  in  prac- 
tically all  zinc  ores  and  is  found  in  most  conunercial  zinc,  it  is  determined  in 
the  analysis  of  these  substances.  It  is  a  by-product  of  lead  and  zinc  smelting. 
The  element  is  determined  in  certain  alloys,  especially  those  used  for  trial  plates 
for  silver  coinage.    It  is  determined  in  paint  pigments;  e.g.,  CdS,  yellow. 

Preparation  and  Solution  of  the  Sample 

The  metal  is  slowly  soluble  in  hot,  moderately  dilute  hydrochloric  acid  or 
sulphuric  acid,  much  more  readily  in  nitric  acid.  It  is  soluble  in  ammonium 
nitrate.    The  oxide  is  readily  soluble  in  acids. 

Treatment  of  Ores 

Sulphides  are  best  dissolved  by  treating  0.5  to  1  gram  of  the  finely  powdered 
ore  with  15  to  20  cc.  of  strong  hydrochloric  acid  and  10  cc.  of  strong  nitric 
acid.  After  standing  on  the  water  bath  for  ten  to  fifteen  minutes,  the  solution 
is  boiled  until  the  sulphides  are  decomposed,  additional  hydrochloric  being 
added  if  necessary.  Unless  silica  is  known  to  be  absent  the  solution  is  taken 
to  drj'^ness  and  the  residue  dehydrated  in  the  air  oven  for  an  hour.  Five  to  ten 
cc.  of  strong  hydrochloric  acid  and  about  25  cc.  of  water  are  added  and  the 

iCir.  35  (2d  Ed.),  U.  S.  Bureau  of  Standards. 
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mixture  heated  to  boiliiig.  The  residue  of  silica  should  appear  white.  This 
\»  fihered  off  and  cadmium  determined  in  the  filtrate  after  making  the  necessar}' 
reparations. 

if  lead  U  prenent  it  is  advisable  to  add  b-%  cc.  of  concentrated  sulphuric 
icid  to  the  cooled  solution  after  the  hydrochloric-nitric  acid  treatment  and 
to  evaporate  to  SOa  fumes.  After  cooling,  50  cc.  of  water  are  added  and  the 
mixture  heated  to  boiling,  then  placed  on  the  steam  bath  until  any  iron  present 
bas  completely  dissolved.  Silica  and  lead  are  now  filtered  off  and  the  filtrate 
treated  as  directed  under  '^ Separations." 

Carbonates  may  be  dissolved  by  hydrochloric  acid  alone.  Evaporation 
to  dn^-ness  is  necessary  if  silica  is  present. 

Alloys  are  best  dissolved  in  hydrochloric  and  nitric  acids,  followed  by  addition 
if  sulphuric  acid,  and  nitric  acid  then  expelled  by  evap>orating  the  solution 
to  SOs  fumes. 

SEPARATIONS 

Reminrsl  of  Silica.  The  procedure  has  been  given  under  ''Preparation 
utd  Solution  of  the  Sample." 

Separation  from  the  Ammonium  Sulphide  Group,  the  Alkaline  Earths 
md  the  Alkalies.  The  solution,  acidified  with  2  cc.  of  concentrated  sulphuric 
acid  or  about  5  cc.  of  strong  hydrochloric  acid  per  100  cc,  is  treated  with 
hydrogen  sulphide  to  saturation.  The  precipitate,  containing  cadmium  sul- 
phide with  other  members  of  the  group  that  were  present  in  the  original  solu- 
tion, is  filtered  off  and  washed  with  hydrogen  sulphide  water  slightly  acidulated 
with  hvdrochloric  acid. 

Removal  of  Arsenic,  Antimony,  and  Tin.  Treatment  in  Absence  of 
Copper.  The  precipitate  is  rinsed  from  the  filter  into  the  beaker  as  completely 
as  possible  with  no  more  water  than  is  necessary.  The  beaker  is  placed  under 
the  filter  and  cold  solution  of  potassium  hydroxide  (20%)  is  poured  onto  the 
filter.  (Sodiimi  hydroxide  will  do.)  Arsenic,  antimony,  and  tin  will  dissolve 
md  leave  cadmium  sulphide.  A  dark-colored  residue  indicates  the  presence 
[rf  bismuth,  lead,  and  less  frequently,  of  mercury. 

Treatment  in  Presence  of  Copper.  A  strong  solution  of  potassium  cyanide 
nay  be  u^ed  in  place  of  a  fixed  alkali  hydroxide.  By  this  treatment,  the  copper 
IS  removed  along  with  arsenic,  antimony,  and  tin. 

If  the  precipitate  is  yellow  or  orange-colored,^  it  is  dissolved  in  hydrochloric 
U'id,  after  thorough  washing  with  hydrogen  sulphide  water,  and  the  solution 
treated  according  to  one  of  the  procedures  given  later. 

Removal  of  Lead  and  Bismuth.  Should  the  above  precipitate  appear 
iark-colored,  lead,  bismuth,  and  possibly  mercury  are  indicated.  In  the  pre- 
.iminar>'  treatment  of  the  ore  with  sulphuric  acid,  the  lead  is  generally  com- 
f>letely  removed  as  lead  sulphate,  but  traces  may  be  present  in  the  filtrate.  The 
noist  precipitate  and  filter  are  placed  in  a  fiask  and  10  cc.  of  strong  hydro- 
;hlonc  acid  added,  with  an  e<][ual  amount  of  water.  The  mixture  is  boiled  until 
the  cadmium  sulphide  dissolves,  the  HiS  gas  being  driven  out  of  the  solution. 
The  srjlution,  diluted  with  25  cc.  of  water,  is  filtered,  and  the  filter  washed  with 
bot  water.  Any  dark  residue  may  be  rejected.  The  filtrate  is  diluted  some- 
prhat  and  then  sodium  carbonate  added  in  slight  excess,  followed  by  1  or  2 
^^rams  of  potassium  cyanide.    After  digesting  for  some  time  at  a  gentle  heat 

*  Cadmium  sulphide  precipitated  from  a  sulphuric  acid  solution  is  orange-colored. 
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the  mixture  is  filtered  and  washed  with  cold  water.  Bismuth  and  lead  remain 
on  the  filter  as  carbonates.  H2S  is  now  passed  into  the  filtrate,  diluted  if 
necessary.  This  should  precipitate  pure  cadmium  sulphide,  unless  mercury 
is  present.  The  residue  is  washed  with  hydrogen  sulphide  water,  and  then 
dissolved  in  hydrochloric  acid. 

Separation  of  Cadmium  from  Mercuzy.  This  separation  is  seldom  re- 
quired. The  procedure  is  based  upon  the  insolubility  of  mercury  sulphide  in  hot 
dilute  nitric  acid,  whereas  cadmium  sulphide  is  readily  soluble.  The  two  sul- 
phides are  boiled  with  nitric  acid,  1  :  3,  filtered  and  the  residue  washed  with  hot 
water.  The  filtrate  is  evaporated  with  a  little  sulphuric  Acid  to  small  volume 
on  the  hot  plate  and  then  to  SOa  fumes.  (Spattering  during  the  last  stages  of 
removal  of  water  will  cause  loss  unless  the  recepticle  is  covered.)  The  cooled 
residue  is  taken  up  with  water  and  if  any  insoluble  matter  remains  it  is  filtered 
off.    Cadmium  is  now  determined  in  the  solution. 


GRAVIMETRIC    METHODS    FOR    THE    DETERMINATION    OF 

CADMIUM 

Determination  as  Cadmium  Sulphate,  CdS04 

The  hydrochloric  acid  solution  of  cadmium  obtained  under  the  section  on 
isolation  of  the  cadmium  is  evaporated  to  dryness  on  the  water  bath  in  a  weighed 
platinum  crucible  or  dish.  The  residue  is  covered  with  a  slight  excess  of  dilute 
sulphuric  acid,  the  solution  again  evaporated  as  far  as  possible  on  the  water 
bath,  and  finally  the  excess  sulphuric  acid  expelled  by  gently  heating.  This 
final  stage  is  best  accomplished  by  placing  the  crucible  in  a  larger  one,  pro- 
vided  with  an  asbestos  ring  to  separate  the  two.  The  outer  crucible  may  now 
be  heated  to  redness  without  danger  of  decomposing  the  cadmium  sulphate. 
The  heating  is  continued  until  no  more  fumes  of  sulphuric  acid  are  evolved. 
The  residue  is  weighed  as  cadmium  sulphate,  CdSOi. 

CdSO4X0.5392=Cd. 
Electrolytic  Determination  of  Cadmium 

This  method  for  determination  of  cadmium  is  exceedingly  accurate.  The 
procedure  recommended  by  Treadwell  ^  gives  excellent  results. 

Procedure.  A  drop  of  phenolphthaleii  i  is  added  to  the  cadmium  sulphate 
solution  (obtained  by  evaporating  the  hyd  ochloric  acid  solution  with  sulphuric 
acid  to  SOa  fiunes),  then  a  solution  of  pure  caustic  soda  until  a  permanent  red 
color  is  obtained.  A  strong  solution  of  potassium  cyanide  is  now  cautiously 
added  with  constant  stirring,  until  the  cadmium  hydroxide  precipitate  just 
dissolves  (an  excess  should  be  avoided).  The  solution  is  diluted  to  100-150 
cc.  with  water  and  electrolyzed  in  the  cold,  using  a  gauze  cathode,  the  cur- 
rent being  0.5  to  0.7  ampere  and  the  electromotive  force  4.8  to  5  volts.  At 
the  end  of  five  or  six  hours  the  current  is  increased  to  1-1.2  amperes,  and  the 
solution  electrolyzed  for  an  hour  more. 

The  liquid  is  quickly  poured  off,  or  better,  the  beaker  lowered,  and  another 

^  Treadwell  and  Hall,  Analytical  Chem.,  Vol.  II.    Beilstein  and  Jawein,  Ber.,  12, 446. 
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of  water  substituted.  The  deposited  metal  is  then  washed  by  dipping  the 
cathode  in  alcohol  and  finally  in  ether.  After  drying  at  100°  C,  the  cooled 
cathode  is  weighed.  The  increase  of  weight  represents  the  deposited  metal, 
cadmium. 

Notes.  Before  washing  and  discontinuing  the  current,  it  is  advisable  to  add 
a  little  water  to  raise  the  level  of  the  liquid  and  continue  the  electrolysis  to  ascertain 
whether  the  deposition  is  complete. 

Traces  of  cadmium  may  be  estimated  in  the  above  solution  by  saturating  this 
with  HsS  and  comparing  the  yellow-colored  colloidal  cadmium  sulphide  solution  with 
a  known  quantity  of  cadmium  and  the  same  amounts  of  potassium  hydroxide  and 
cyanide  as  in  the  solution  tested. 

VOLUMETRIC  DETERMINATION  OF  CADMIUM 
Titration  of  Cadmium  Sulphide  with  Iodine.^ 

The  titration  of  cadmium  sulphide  with  standard  iodine  in  a  hydrochloric 
acid  solution  is  the  same  as  the  procedure  given  for  determination  of  sulphur 
by  the  evolution  method,  the  following  reaction  taking  place: 

CdS+2HCl+L  -CdCU+2HI+S. 

Procedure.  Cadmium  having  been  isolated  as  the  sulphide  according  to 
the  standard  procedures  given,  the  precipitate  is  washed  and  allowed  to  drain 
on  the  filter.  The  filter,  together  with  the  sulphide,  is  placed  in  a  beaker 
or  an  Erlenmeyer  flask,  water  added,  and  the  whole  shaken  to  break  up  the 
precipitate.  A  moderate  quantity  of  hydrochloric  acid  is  added  and  the  solu- 
tion titrated  with  standard  N/5  or  N/10  iodine  solution.  Towards  the  end 
a  little  starch  solution  is  added  and  the  titration  continued  until  the  excess 
of  iodine  colors  the  solution  blue.  If  preferred,  an  excess  of  iodine  solution 
may  be  added  and  the  excess  determined  by  a  back-titration  with  standard 
thiosulphate  solution. 

One  cc.  N/10  iodine  =0.00562  gram  cadmium. 

^  P.  von  Berg  (Z.  a.  C,  26,  23)  transfers  the  precipitate  and  filter  to  a  stoppered 
flask,  expels  the  air  with  COi  and  by  boiling  and  then  titrates  in  an  hydrochloric 
acid  solution.    Experiments  by  the  author  have  shown  this  caution  to  be  unnecessary. 


CALCIUM 

Wilfred  W.  Scott 
CsL^at.wt.  40.07;  8p.gr.  1.5446^*;  m.p.  SIO'^^C;  oxide,  CaO 

DETECTION 

In  the  usual  course  of  qualitative  and  quantitative  analysis  calcium 
into  the  filtrates  from  the  elements  precipitated  by  hydrogen  sulphide  in  acid  ' 
and  alkaline  solutions  (Ag,  Hg',  Hg",  Pb,  Cu,  Cd,  As,  Sb,  Sn,  Fe,  Cr,  Al,  Ml, 
Ni,  Co,  Zn,  etc.),  and  is  precipitateid  from  an  ammoniacal  solution  by  am- 
monium carbonate  as  calcium  carbonate,  along  with  the  carbonates  of  barinm 
and  strontium.  The  separation  of  calciiun  from  bariiun  and  strontium  is  ooih 
sidered  under  Separations.  The  oxalate  of  calcium  is  the  least  soluble  of 
the  alkahne-earth  group.*  All,  however,  are  soluble  in  mineral  acids.  Caldum 
oxalate  may  be  precipitated  from  weak  acetic  acid  solution  by  ammonium 
oxalate. 

Flame  Test.  The  flame  of  a  Bunsen  burner  is  colored  yellowish  red  wfan 
a  platinum  wire  containing  calcium  salt  moistened  with  concentrated  hydrochlo- 
ric acid  is  held  in  the  flame. 

Spectrum.  An  intense  orange  and  green  line  with  a  less  distinct  vioki 
line.    Note  chart  of  the  spectra  of  the  alkaline  earths.    Plate  II. 

See  chapter  on  Barium  under  Separations — ^Preliminary  Tests,  page  52. 

ESTIMATION 

The  determination  of  calcium  is  required  in  complete  analyses  of  ores.  It 
is  of  special  importance  in  the  analysis  of  mortar,  cement,  bleaching  powder, 
phister  of  Paris,  certain  paint  pigments  such  as  phosphorescent  paint,  CaS. 
The  determination  is  required  m  the  analysis  of  water. 

Calcium  occurs  in  the  following  substances:  as  carbonate  in  limeBtooe, 
marble,  chalk,  Iceland  spar,  shells,  coral,  pearl.  Together  with  mftgi^ftwiim  i 
is  found  in  dolomite.  It  occurs  as  sulphate  in  anhydrite,  gypsum,  alabaster, 
selenite;  as  silicate  in  the  mineral  woUastonite,  CaSiOs;  as  phosphate  in  phos> 
phorite,  Ca3(P04)2,  also  in  bones  and  in  apatite,  3Caa(P04)2-CaFi;  as  fluoride 
in  fluorspar,  CaFs.  As  oxalate  it  occurs  in  plant  cells.  It  is  found  in  nearly  aD 
mineral  springs,  artesian  wells,  and  river  waters,  principally  as  bicarbonate  of 
calcium,  CaHCOj. 

Preparation  and  Solution  of  the  Sample 

The  oxide,  hydroxide,  and  salts  of  calcium  are  soluble  in  acids  with  the 
exception  of  g>'psum  and  certain  silicates  which  require  fusion  with  sodiuin 
carbonate  or  bicarbonate  followed  by  an  hydrochloric  acid  extraction. 

»Cir.  35  (2d  Ed.)  U.  S.  Bureau  of  Standards. 

«  Solubility:    CaCj04-H20= 0.000554  gram  per  100  cc.  HiO.  BaGs04 -11,0 -0.0093 
gram.    SrCzC')!  HjO =0.0051  gram.    MgCOiZHjO  =0.07  gram. 
Van  Nostrand's  Chem.  Annual — Olsen. 
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Solution  of  Limestones,  Dolomites,  Magnedtes,  Cements,  Lime,  etc. 
Otte  gram  of  the  powdered  material  is  digested  in  a  250-cc.  beaker  with 
^  cr.  of  water,  5  cc.  of  concentrated  hydrochloric  acid,  and  2  or  3  drops  of 
■itric  acid  (sp.gr.  1.42).  The  beaker  is  covered  to  prevent  loss  by  effervescence. 
^"ben  the  violent  action  has  subsided,  the  sample  is  placed  on  a  hot  plate  and 
boiled  for  a  few  minutes.  The  watch-glass  is  rinsed  into  the  beaker  and  the 
solution  filtered.  The  residue  is  washed,  dried  and  ignited  in  a  platinum  cru- 
mble. an<i  then  fused  with  a  little  sodium  carbonate  or  bicarbonate.  The  cooled 
fusirm  is  diitt<olved  in  hot  dilute  hydrochloric  acid,  the  liquid  added  to  the  main 
Solutiijn  and  calcium  determined  by  precipitation  as  calcium  oxalate,  after  removal 
of  silica,  iron,  alumina,  etc. 

Solution  of  Gypsum,  Plaster  of  Paris,  and  Sulphates  of  Lime,  etc.  The 
treatment  of  the  sample  is  similar  to  the  one  given  above  with  the  exception 
that  it  is  advisable  to  add  a  larger  amount  of  strong  hydrochloric  acid,  e.g., 
about  20  to  25  cc.  If  barium  sulphate  is  present  it  is  indicated  by  the  clouding 
of  the  solution,  upon  acidifying  the  water  extract  of  the  carbonate  fusion. 

Silicates.  Solution  of  silicates  is  best  obtained  by  direct  fusion  of  1  gram 
of  the  powdered  material  with  4  to  5  grams  of  sodium  carbonate,  in  a  plati- 
num crucible.  The  cooled  melt  is  now  covered  with  water  and  dissolved  with 
hydrochloric  acid  according  to  the  standard  procedure  for  carbonate  fusions. 
The  hydrochloric  acid  solutions  are  taken  to  dryness  and  the  silica  dehydrated 
in  an  oven  at  110**  C. 'for  an  hour  and  then  the  residue  is  extracted  with  dilute 
hydrochloric  acid  and  filtered.  The  filtrate  contains  iron,  alumina,  magnesium, 
lime,  etc. 

Chlorides,  Nitrates,  and  Other  Water-soluble  Salts.    These  are  dissolved 
in  water  slii^tly  acidified  with  hydrochloric  acid. 

Sulphides,  Pyrites  Ore,  etc.    The  ore  should  be  oxidized  with  bromine  or 
by  roasting,  previous  to  the  acid  treatment. 

SEPARATIONS 

Removal  of  Silica.  The  solution  obtained  by  one  of  the  above  procedures 
L*  evaporated  to  dryness  and  the  silica  dehydrated  at  110°  C.  for  an  hour.  The 
residue  is  now  extracted  with  dilute  hydrochloric  acid.  Silica  remains  insoluble 
and  may  be  filtered  off.  Tlie  solution  contaia  lime,  together  with  iron,  alumina, 
maf^nesia,  etc.,  as  chlorides. 

Removal  of  Iron  and  Alumina.  The  filtrate  from  the  silica  residue  is 
treated  with  a  few  drops  of  nitric  acid  and  boiled  to  oxidize  the  iron.  Ammonia 
LH  now  added  cautiously  until  the  solution  just  smells  of  it  (a  large  excess  over 
that  required  to  neutralize  the  acid  and  combine  with  iron  and  alumina, 
will  tend  to  dissolve  Al(OH)a).  The  precipitated  hydroxides  are  allowed  to 
settle  and  then  filtered  hot  through  a  rapid  filter  and  washed  with  hot  water. 
Calcium,  together  with  magnesium,  is  in  solution  and  passes  into  the  filtrate. 

Removal  of  Copper,  Nickel,  Cobalt,  Manganese,  Zinc,  and  Elements 
Precipitated  as  Sulphides  in  Acid  and  Alkaline  Solutions.  This  separation 
Ls  required  seldom  in  lime-bearing  ores.  In  analysis  of  p>Tites  and  certain 
other  ores,  containing  members  of  the  hydrogen  sulphide  and  ammonium  sul- 
phifJe  groups,  the  removal  of  these  impurities  Ls  necessary. 

The  solution  from  the  residue  of  silica  is  made  shghtly  ammoniacal  and 
lUS  passed  into  the  solution  to  saturation  (or  ammonium  sulphide  may  be 
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added).  The  precipitated  sulphides  are  filtered  off  from  the  solution  heated  to 
boiling.  The  filtrate  containing  the  calcium  is  boiled  down  to  50  to  75  cc.  and 
the  precipitated  sulphur  removed  by  filtration.  Calcium  is  determined  in  the 
filtrate  by  precipitation  with  anmionium  oxalate  or  oxalic  acid  according  to 
directions  given  later. 

Separation  of  Calcium  from  Magnesium  and  the  Alkalies.  In  the  pres- 
ence of  considerable  amounts  of  calcium  and  comparatively  small  quantities 
of  magnesium  the  oxalate  method  of  precipitating  calcium,  in  presence  of 
ammonium  chloride,  is  generally  sufficient  for  precipitating  calcium  free  from 
magnesium  and  the  alkalies.  In  analysis  of  dolomite,  MgCOj-CaCOa,  and  of 
samples  containing  comparatively  large  amounts  of  magnesium,  a  double  pre- 
cipitation of  calcium  is  generally  necessary  for  removal  of  occluded  magnesium. 

Separation  of  Calcium  from  Barium  and  from  Strontium.  The  alkaline 
earths  are  converted  to  nitrates,  all  moisture  expelled  by  heat,  and  calcium 
nitrate  extracted  from  the  insoluble  nitrates  of  barium  and  strontium  by  a 
mixtiu^e  of  anhydrous  ether  and  absolute  alcohol,  in  equal  parts,  or  by  boiling 
the  dry  nitrates  in  amyl  alcohol  (6.p.,  137.8**  C).  Details  of  the  procedure  are 
given  under  Separations  of  the  Alkaline  Earths  in  the  chapter  on  Barium,  page  53. 

Phosphate  Rocks,  Calcium  Phosphate,  etc.^ 

Determination  of  Lime  in  Presence  of  Phosphates,  Iron,  and  Alumina. 

Should  phosphoric  acid  be  present  in  the  solution,  calcium  will  be  precipitated 
as  a  phosphate  upon  making  the  solution  neutral  or  slightly  alkaline  with 
ammonia,  and  will  remain  with  iron  and  alumina  precipitates. 

Precipitation  of  Calcium  Oxalate  in  Presence  of  Iron  and  Alumina. 
The  solution  containing  the  phosphates  freed  from  silica  is  oxidized  by 
boiling  with  nitric  acid  as  usual.  Ammonia  water  is  added  to  the  cooled 
solution  until  a  slight  precipitate  forms,  and  then  citric  acid  is  added  in  suf- 
ficient quantity  to  just  dissolve  the  precipitate.  If  this  does  not  readily  occur, 
additional  ammonia  is  added,  followed  by  citric  acid  until  the  solution  clears, 
then  about  15  cc.  of  citric  acid  in  excess.  The  solution  is  diluted  to  200  cc. 
and  heated  to  boiling.  Calcium  oxalate  is  now  precipitated  by  addition  of 
anunonium  oxalate.    Iron  and  alumina  remain  in  solution. 

Citric  acid  is  made  by  dissolving  70  grains  of  the  acid,  HsCeHtOy  •  HjO,  in  a 
liter  of  water. 

Wagner's  Solution.  In  place  of  citric  acid,  the  following  solution  may  be 
used.  Twenty-five  grams  of  citric  acid  and  1  gram  of  salicylic  acid  are  dissolved 
in  water  and  made  to  1000  cc.  Twenty-five  to  50  cc.  of  this  reagent  is  effective 
in  preventing  precipitation  of  iron  and  alumina. 

*  Zeit.  ftir  Angewandte  Chemie,  84,  776,  Aug.,  1898. 
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GRAVIMETRIC  DETERMINATION  OF  CALCIUM 
Precipitation  of  Calcium  Oxalate  and  Ignition  to  Calcium  Oxide 

Calcium  oxalate  is  precipitated  from  feebly  ammoniacal  solutions  or  from 
solutions  acidified  with  acetic,  oxalic,  citric,  or  salicylic  acids,  by  means  of 
ammonium  oxalate.  The  presence  of  anmioniiun  chloride  hinders  precipitation 
of  magnesium  and  does  not  interfere  with  that  of  calcium.  If,  however,  much 
magnesium  (or  sodium)  is  present  it  will  contaminate  the  calcium  precipitate 
so  that  a  second  precipitation  is  necessary  to  obtain  a  pure  product.  The 
compound  formed  from  hot  solutions  is  crystalline  or  granular  and  filters  readily, 
whereas  the  fiocculent  precipitate  fonned  in  cold  solutions  does  not.  Calcium 
oxalate,  CaCjOi-HjO,'  decomposes  at  red  heat  to  CaO,  in  which  form  it  is 
weighed. 

Procedure.  If  the  calcium  determined  is  in  the  filtrate  from  previous 
groups,  hydrogen  sulphide  is  expelled  by  boiling  and  the  precipitated  sulphur 
filtered  oflt,  the  solution  having  been  concentrated  to  about  200  cc.  The  fil- 
trate should  contain  sufficient  ammonium  chloride  to  hold  magnesium  in  solu- 
tion in  presence  of  ammonium  oxalate  (i.e,  about  10  grams  NH4CI  per  0.0015 
gram  MgO  per  100  cc.  of  solution.)  *  If  not  already  present,  the  chloride  is 
added  in  sufficient  amount,  and  the  solution  diluted  to  about  400  cc. 

Precipitation.  The  solution  is  heated  to  boiling  and  10  cc.  of  acetic  acid 
added  to  the  neutral  mixture.  Fifteen  cc.  or  more  of  a  saturated  solution  of 
oxalic  acid  *  is  added  and  after  five  minutes  a  slight  excess  of  ammonia.  The 
solution  is  allowed  to  cool  an  hour  or  so,  the  clear  solution  decanted  through 
a  10-cm.  filter  and  the  precipitate  washed  three  times  by  decantation  and  finally 
on  the  filter  with  dilute  ammonia  (1  :  10),  or  1%  ammonium  oxalate. 

To  remove  clinging  impurities  (Na  or  Mg)  the  precipitate  is  dissolved  in 
dilute  nitric  acid  (1  : 4)  and  the  filtrate  collected  in  the  beaker  in  which  the 
first  precipitation  was  made.  The  solution  is  heated  to  boiling  after  addition 
of  a  few  drops  of  oxalic  acid  and  sufficient  ammonium  hydroxide  to  make  the 
solution  slightly  alkaline.  The  precipitated  oxalate  is  allowed  to  settle,  filtered 
and  washed  as  in  the  first  precipitation,  the  oxalate  adhering  to  the  sides 
of  the  beaker  being  carefully  "copped"  out.  The  oxalate  is  ignited  wet  in  a 
weighed  crucible,  the  heat  being  low  at  first,  until  the  filter  has  charred  and 
then  to  the  full  heat  of  the  M6ker  blast  lamp.  Fifteen  minutes  of  blasting 
should  be  sufficient  to  obtain  constant  weight.  If  the  precipitate  is  large  a  second 
igntion  is  advisable  to  insurre  the  complete  decomposition  of  the  oxalate  and 
carbonate  to  oxide. 

The  crucible  is  cooled  in  a  desiccator  and  weighed  as  soon  as  possible.^ 

Factors.  CaOX0.7146=Ca,  or  X  1.7847  =CaC03,  or  X 2.8908  =Ca(HC03),, 
or  X2.428=CaS04. 

» Calcium  oxalate  dried  at  100=CaCjO4.H2O.  Heated  to  200**  C,=  =CaCs04. 
At  500^  C.  the  oxalate  begins  to  decompose,  free  carbon  is  liberated,  and  calcium 
ciurbonate  begins  to  form.  At  bright  red  heat  carbon  burns  off  and  the  carbonate  is 
completely  decomposed  to  the  oxide  and  CO2. 

*  Mellor,  "A  Treatise  on  the  Ceramic  Industries,"  213  (1913). 

*  Approximately  8.6%  at  20°  C.  About  five  times  as  much  ammonium  oxalate 
as  is  required  for  combination  with  calcium  and  magnesium  should  be  added  to  the 
solution. 

*  Calcium  oxide  absorbs  moisture  and  CO2  from  the  air. 


other  Methods.    Qravimetric 

Calcium  may  be  converted  to  carbonate,  Bulphat«  or  fluoride  and  bo  ^ 
The  oxide  above  obtained  may  be  converted  to  sulphate  by  moistenli 
a  few  drops  of  water  and  then  adding  a  slight  excess  of  sulphuric  acid 
dilute).  The  excess  sulphuric  acid  ia  driven  off  by  heating  over  a  loi 
to  SOi  fumes  and  then  more  strongly  at  dull  red  heat  until  the  excess  i 
been  expelled.  A  ring  burner  reduces  the  risk  of  spurting.  Addition  ol 
or  so  of  ammonia  to  the  cooled  residue  and  reheating  assists  expulsioi 
acid.     The  residue  is  weighed  as  CaSO,. 

CaSO.X0.2943-Ca  or  X0.4119=CaO  or  X 0.7352  =CaCO,. 


VOLUMETRIC  DETERMINATION  OF  CALCIUM 
Titration  of  the  Oxalate  with  Permanganate  ' 

This  procedure  may  l>c  applied  successfully  in  a  great  variety  of  i 
on  account  of  the  readiness  with  which  calcium  oxalate  may  be  w 
In  the  presence  of  iron,  alumina,  manganese,  m^neeia,  etc.,  it  is  adv 
make  a  reprecipitation  of  calcium  oxalate  to  free  it  from  adhering  contam 

The  following  reaction  takes  place  when  potassium  permanganate 
to  calcium  oxalate  in  acid  solution: 

5CaC,0.+2KMnO.+8H^O,-5CaSO,+K^O,+2MnSO.+10CO,+fi 

Procedure.  Calcium  oxalate,  obtained  pure,  by  precipitation  and 
according  to  directions  given  under  the  gravimetric  determination  of 
is  washed  into  a  flask  through  a  perforation  made  in  the  filter  paper, 
is  treated  with  a  little  warm,  dilute  sulphuric  acid  '  and  the  adherini 
dissolved  and  washed  into  the  flask.  About  25  cc.  of  dilute  eulphu 
1  :  1,  is  added  and  the  solution  diluted  to  250  to  300  cc. 

When  the  precipitjite  has  dissolved,  the  solution  warmed  to  60  o 
is  titrated  with  standard  potassium  permanganate,  added  cautious]; 
burette  with  constant  agitation,  until  a  faint  permanent  pink  color  is  ob 

One  cc.  N/IO  KMnO*  =0.0020  gram  Ca,»  or  XO.0O28  =CaO. 

Factors.  CaX1.3993=CaO  or  X2.4974=CaCO,  or  X3.3975-C 
X2,581  =Ca,(PO.),. 

AaalysiB  of  Limestone  and  Cement.  See  chapter  on  Cement  by  R 
Meade.  '  ■ 

'  FrcscniuB.  Ilcmpcl,  Mnhr,  Sutton  and  others  have  testified  to  the 
of  this  method  for  the  determination  of  calcium. 

'  HCI  in  niodenitc  quantity  niny  be  used  in  place  of  sulphuric  acid  witho 
of  lilH'ratiniE  free  chlorine  as  is  the  case  in  presence  of  iron. — Fleischer. 

'  From  the  renction  2KMnO,,  equivalent  to  50  or  lOH,  reacta  with 
and  5Ca=(5X4O)-hl0^2O.  A  normal  solution  of  caldum— 20  grants  Ca 
One  cc.  N/10  solution  =0.002  gram  Ca. 
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C,*  at.wt.  12.0;  Bp.gr.  amorp,  1.75-2.10;  cryat,:  graphite,  2.25;  diamond, 
3.47-^3.5585;  m.p.  aublimea  at  3500"  C;  oxides,  CO  and  COs 

DETECTION  2 

Element.  Carbon  is  recognized  by  its  appearance  and  by  its  inertness 
towards  general  reagents.  It  is  seen  in  the  charring  of  organic  matter  when 
heated  or  when  acted  upon  by  hot  concentrated  solphnric  acid. 

Upon  combustion  with  oxygen  or  by  oxidation  with  chromic  and  sulphimc 
acids,  carbon  dioxide  is  formed.  The  gas  passed  into  lime  water  forms  a  white 
precipitate,  CaCO».  White  precipitates  are  formed  when  the  gas  is  led  into 
bar^'ta  water  (BaCOs  ppt.),  or  into  an  ammoniacal  solution  of  lead  acetate 
(PbCO,  pptd.). 

Carbon  Dioxide.  Carbonates.  COt  in  Gas.  A  white  precipitate  with  lime 
water,  baryta  water,  ammoniacal  solutions  of  calcium,  or  barium  chlorides,  or 
lead  acetate  (basic). 

Carbonates.  Action  of  mineral  acids  cause  effervescence,  COi  being  evolved. 
The  gas  is  odorless  (distinction  from  SOt,  HsS,  and  NjOs)  and  is 
colorless  (distinction  from  NsOa).  The  gas  absorbed  in  the 
reagents  above  mentioned  produces  a  white  precipitate.  The 
test  is  best  made  by  placing  the  powdered  material  in  a  large 
test-tube  with  a  stopper  carrying  a  funnel  and  delivery  tube  as 
shown  in  the  illustration,  Fig.  9.  For  small  amounts  of  combined 
COi,  wanning  of  the  test-tube  may  be  necessary.  Sulphuric  or 
phosphoric  acid  should  be  used  to  liberate  the  gas,  which  is 
conducted  into  the  reagent  used  for  the  test. 

Distinction  between  Soluble  Carbonates  and  Bicarbonates. 
The  solution  of  the  former  is  alkaline  to  phenolphthalein  indicator 
(pink).  Bicarbonate  solutions  remain  colorless  with  this  indi- 
cator. Normal  carbonates  precipitate  magnesium  carbonate  when 
added  to  magnesium  sulphate  solution;  bicarbonates  cause  no 
precipitation. 

Free  Carbonic  Acid  in  Water  in  Presence  of  Bicarbon- 
ates.   0.5  cc.  of  rosolic  acid  (1  part  acid  in  500  parts  of  80% 
alcohol),  produces  a  red  color  with  bicarbonates  in  absence  of  free  CO2,  and  a 
colorless  or  faintly  yellow  solution  when  free  COi  is  present. 

Carbon  Monoxide.  The  gas  bums  with  a  pale  blue  flame  and  is  not  ab- 
sorbed by  potassium  hydroxide  or  lime  water  (distinction  from  COs)-  It  is  oxi- 
dised to  COt  and  so  detected.  With  hot,  concentrated  potassium  hydroxide, 
potassium  formate  is  produced. 

The  gas  is  detected  in  the  blood  by  means  of  the  absorption  spectrum. 

'  Van  Nostrand's  Chemical  Annual,  Olsen. 
*  Presoott  and  Johnson,  ''Qual.  Chem.  Anal." 
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Fig.  9.— Test  for 
Carbonate. 


ESTIMATION 

The  element  occms  free  in  natrure  ia  the  crystalline  forms,  diamond  and 
graphite,  and  in  the  amorphoua  form,  charcoal,  coke,  etc.  It  occurs  in  iron, 
steel,  and  in  certain  alloys.  Its  estimation  in  these  metals  is  generally  required. 
Carbon  is  determined  in  the  analysis  of  organic  compounds  in  which  it  is 
invariably  combined  and  may  also  be  present  as  froe  carbon  (asphaltiun). 

Combined  as  a  carbonate  it  occurs  in  a  large  number  of  substances,  among 
which  are  found  calctte,  marble,  limestone,  dolomite,  magnesite,  strontianite, 
witherite,  spatic  iron  ore.  It  occurs  as  the  dioxide  in  the  air,  in  water  (HiO-COj) 
and  in  flue  gas.  Carijon  dioxide  is  the  active  constituent  of  baking  powders 
(NaHCO.). 

Preparation  of  the  Sample 

Iron,  Steel,  and  Alloys.  Drillings  taken  from  different  sections  oT  the  rep- 
resentative bar  should  be  free  from  grease  and  dust.  These  are  best  kept  in 
glass-stoppered  bottles.  Where  a  large  number  of 
daily  samples  are  detemiined,  it  is  found  more 
convenient  to  use  small  inanila  envelopes,  upon 
which  the  record  of  the  analj'sis  may  be  placed. 
Should  it  bo  impossible  to  olitain  drilling  free 
from  grease,  this  impuritj'  may  be  removed  by 
heating  the  sample  in  an  atmosphere  of  nitrogen,  or 
by  repeated  extraction  with  ether. 

Coarse  chiiw,  cast-iron  drillings,  etc.,  should  be 
broken  down  in  a  chiUed-steel  mortar,  Fig.  lO. 
Fig.  10. — Chilled  Sf«el  Mort«r.         Carbon  may   now  be  separated  in  a  definite 
weight  of  the  sample  as  directed  ijeiow,  or  it  may 
be  detennined  by  direct  combustion  or  ijy  oxidation  with  chromic  acid  accord- 
ing to  a  procedure  given  later. 

Organic  Matter.  It  is  advisable  to  fuse  this  in  a  nickel  or  iron  crucible 
with  sodium  peroxide.  The  carbonate  thus  formed  may  be  detemiined  as  usual. 
The  organic  substance  may  be  oxidized  directly  in  the  combustion  furnace. 

Carbonates.  Limestone,  Dolomite,  Cement,  Alkali  Carbonates  and 
Bicarbonates.  The  powdered  material  is  decomposed  by  addition  of  an  acid 
as  directed  in  the  metluxls  given  later. 

Separation  of  Carbon  from  Other  Substances 

The  element  is  generally  determined  as  carbon  dioxide,  in  which  form  it  is 
Uberated  from  most  of  the  combinations  in  which  it  occurs,  free  from  other 
substances  by  ignition  in  a  current  of  oxygen,  or  by  oxidation  with  chromic 
acid  as  directed  later. 

Seporatioa  of  Carbon  in  Iron  and  Steel.  Cupric  Potassium  Chloride 
Method.  0.5  to  2  grams  of  the  drillings  are  treated  with  100  to  200  cc.  of 
cupric  pota-s-tium  chloride  solution  and  !0  cc.  of  hydrochloric  acid  (1.19).  This 
mixture  dissolves  the  iron  according  to  the  reaction 

Fe+CuCI,=FeCl,-|-C>i  and  Cu-|-CuCI,=CujCI,+carbon  as  a  residue. 
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The  sohition  should  be  stirred  frequently  to  hasten  the  solution  of  the  iron. 
It  is  advisable  to  keep  the  temperature  of  the  solution  at  about  50°  C.  When 
the  iron  and  copper  have  dissolved  the  carbon  is  filtered  off  into  a  perforated 
platinum  boat  or  crucible,  as  directed  under  the  methods.  It  is  now  oxidized 
to  CX>s  and  so  determined. 

Note.  The  cupric  potassium  chloride  solution  is  prepared  by  dissolving  150 
parts  of  potassium  chloride  and  170  parts  of  crvstallized  cupric  chloride  in  water 
and  crystallizing  out  the  double  salt.  Three  hunared  grams  of  this  salt  are  dissolved 
in  1000  cc.  The  solution  may  be  used  several  times  by  chlorinating  the  dirty  bit)wn 
filtrate  from  the  carbonaceous  residue.  The  cuprous  chloride  formed  during  the 
solution  of  the  steel  is  converted  again  to  cupric  chloride,  and  the  chlorinated  double 
salt  is  even  more  energetic  in  its  sohrent  action  than  the  freshly  made  reagent.  (Blair.) 


QRAVIMETRIC  METHODS  FOR  DETERMINATION  OF 

CARBON 

The  determination  of  carbon  by  combustion  with  oxygen  is  made  in  two 
general  classes  of  substances:  A,  Steel,  iron  and  in  certain  alloys.  B,  Organic 
compounds.  Carbon  in  steel  and  alloys  is  considered  in  two  forms:  carbide 
or  combined  carbon,  and  graphitic  carbon.  In  organic  substances  carbon  occurs 
principally  combined  with  hydrogen,  oxygen,  and  nitrogen.  For  the  present 
we  will  consider  procedures  for  the  determination  of  carbon  in  steel  and 
allo\^. 

The  most  accurate  procedure  for  determination  of  carbon  in  steel,  alloys, 
and  in  other  materials  containing  the  substance  combined  or  free  is  by  com- 
bustion with  oxygen  in  a  furnace  heated  by  gas  or  electricity;  the  carbon  dioxide 
formed  being  absorbed  in  caustic,  and  weighed. 

Apparatus.  Combustion  Furnace.  Although  the  gas  furnace  has 
been  used  more  commonly  on  account  of  gas  being  more  available  than  elec- 
tricity, the  extension  of  generating  electric  plants  makes  it  possible  to  use  electric 
furnaces,  and  these  are  gradually  displacing  those  heated  by  gas,  as  they  are 
more  compact,  easily  manipulated  and  comparatively  simple  in  structure. 

A  simple  electric  furnace  may  be  made  by  wrapping  a  silica  tube  with  a 
thin  covering  of  asbestos  paper,  which  has  been  moistened  with  water.  On 
di>'ing  the  paper  will  cling  to  the  tube.  A  spiral  coil  of  nichrome  wire  (Driver  • 
and  Harris)  is  wound  around  this  core.  On  a  2-foot  length  of  tube  two  45-foot 
lengths  of  Xo.  18  wire,  connected  in  parallel,  will  heat  the  tube  to  bright  redness, 
attaching  the  terminals  to  an  ordinary  light  socket.  The  coils  should  be 
covered  with  }-in.  coating  of  alundum  cement.  For  appearance'  sake  as  well 
as  for  protection,  the  tube  is  placed  in  a  large  cylinder  of  sheet  iron,  packed 
around  with  asbestos,  and  is  held  in  position  by  circular  asbestos  boards  placed 
at  the  ends  of  the  large  cylinder.    The  cylinder  is  mounted  on  a  stand. 

Absorption  Apparatus.  A  large  number  of  forms  are  for  sale.  The  (jeissler 
and  Liebig  bulbs  have  been  popular  (Figs.  11  and  12),  but  are  now  being  displaced 
by  forms  that  have  less  surface  exposed,  that  are  more  easily  cleaned  and  less 
fragile,  such  as  Gerhardt^s,  Vanier's  and  Fleming's  apparatus  (Figs.  13, 
14  and  16).  The  Vanier  and  the  Fleming  absorption  apparatus  are  especially 
to  be  recommended,  on  account  of  their  capacity,  compactness,  efficiency,  in 
handling  gases  passing  at  a  rapid  rate,  and  their  simplicity  of  form. 
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Procedure  for  Detenoimng  Carbon  by  Combustion.  Mr.  William  R. 
Fleming  >  describes  his  apparatus  in  the  Iron  Age,  Jan.  1,  1014.  The  following 
abstract  is  taken  from  Elmer  A  Amend's  circular,  edited  by  Mr.  FTeming. 

The  greatest  value  of  this  rapid  method  is  realized  when  it  is  uaed  to  follow 
a  bath  of  steel  in  the  open-hearth  furnace  preliminary  to  tapping.     It  abolishes 


PiQ.  1 1.— GeisRler  Bulb.      Fio.  12.— LJebig  Bulb.      Fig.  )3.— Gerhardt  Bulb. 

completely  the  unreliable  and  dangerous  color  carbon.  By  this  method  abso- 
lutely accurate  resulte  can  \>e  reported  to  the  open  hearth  ten  minutes  after 
the  drillings  are  received. 

In  principle  this  method  is  not  new;  in  manipulation  it  is  new.  Hereto- 
fore chemists  have  been  laboring  under  the  impression 
that  the  flow  of  gas  during  a  combustion  must  not  exceed 
a  certain  snail-like  pace.  This  false  impression  has  been 
injected  into  the  minds  of  chemists  by  a  few  who  were 
supposed  to  have  investigated  the  matter.  The  truth  is 
that  the  faster  oxygen  is  fed  to  burning  steel  the  more 
complete  the  combustion  will  be.  The  rate  of  current  is 
limited  by  the  efficiency  of  the  apparatus  used  to  absorb 
the  evolved  carbon  dioxide. 

The  Apparatus  Described.  The  combustion  train  is 
shown  complete  in  FIr.  15.  The  oxygen  is  delivered  to 
the  tram  through  a  regulating  and  reducing  val\-e  such  as 
is  used  for  welding.  The  regulatmg  valve  is  not  essen- 
tial, yet  any  chemist  who  uses  one  will  appreciate  its  con- 
venience, especially  in  this  method.  Its  convenience  wilt  be 
explained  later.  X  is  a  mercury  pressure  gauge.  It  serves 
as  a  guide  during  the  combustion  and  is  an  essential  piece 
of  apparatus.  The  graduated  column  is  6  ins.  high  and  is 
I  washing  bottle  containing  caustic  potash  solution. 
Filled  to  the  mark  indicated  with  SO'^^  solution  it  will  serve  for  at  least  1000  com- 
bustions. It  is  used  solely  to  indicate  the  flow  of  gas,  not  to  purify  it.  If  the 
chemist  desires  he  may  omit  this  from  the  train.  T  is  a  calcium  chloride  jar. 
It  is  filled  to  the  mark  indicated  with  finely  divided  calcium  chloride,  about  pea  size, 
retaining  all  the  dui^t.  K  layer  of  asbestos  is  formed  over  the  chloride  and  the 
remaining  space  filled  with  soda  lime.  The  glass  tubing  leading  from  the  jar  is 
loosely  packed  for  a  distance  of  several  inches  with  asbestos.  This  prevents  any 
soda  lime  dust  being  carried  into  the  combustion  tube.  C  is  a  mercury  valve  like 
that  used  in  Johnson's  train.  It  is  used  solely  to  maintain  an  atmosphere  of 
'  Metallurgist,  Andrews  Steel  Company,  Newport,  Ky. 
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pure  oxygen  in  the  purifying  train,  a  condition  essential  to  accurate  results. 
It  is  not  used  to  prevent  carbon  dioxide  backing  into  the  purifying  train,  of  which 
there  is  not  the  remotest  possibility. 

The  combustion  tube  is  the  ordinary  fused 
silica  tube  glazed  on  the  inside  only.  The  tube 
is  30  ins.  long  with  inside  diameter  of  from  \ 
to  1  in.  One  tube  of  30  ins.  will  serve  twice  as 
long  as  one  of  24  ins.  It  is  loosely  packed  with 
asbestos  for  a  distance  of  6  ins.  at  the  exit  end, 
and  3  ins.  is  allowed  to  project  from  the  furnace. 
For  about  the  first  100  combustions,  the  com- 
bustion boat  is  pushed  close  against  the  asbestos. 
The  portion  of  the  tube  immediately  above  this 
will  become  coated  with  iron  oxide.  The  asbestos 
is  then  moved  up  so  that  it  covers  this  portion 
of  the  tube  and  a  fresh  area  exposed  to  the 
spraying  oxide.  In  this  manner  one  tube  can  be 
Eoade  to  serve  600  combustions  or  even  more. 
Both  platinum  and  nickel  cylinders  have  been 
used  inside  the  tube  to  protect  it  from  the  spraying 
oxide,  but  it  is  doubtful  whether  this  practice  pays. 
These  cylinders  are  not  used  in  this  laboratory 
because  it  is  believed  that  they  delay  incipient 
combustion  for  at  least  thirty  seconds. 

The  Furnace  and  Combustion  Tube.  The 
furnace  used  is  one  of  the  ordinary  resistance 
type.  It  is  constantly  maintained  at  a  tem- 
perature of  1000**  C.  This  temperature  is  verified 
daily  by  the  use  of  a  pjrrometer.  Many  claim  to 
be  expert  at  judging  temperatures,  but  none  are 
expert  enough  to  be  without  a  pyrometer.  The 
two-way  stop  following  the  combustion  tube  will 
be  found  very  convenient  when  it  is  not  desirable 
to  pass  the  current  through  the  jars  Z  and  0. 

Z  is  filled  with  20-mesh  zinc.  Once  filled  it 
will  serve  for  several  thousand  combustions.  As 
a  matter  of  fact  it  is  included  in  this  train  as 
a  filter.  If  nickel  boats  and  aluminum  are  used 
the  chemist  may  omit  this  zinc  jar  from  the 
train,  for  with  all  ordinary  grades  of  steel  it  serves 
DO  purpose. 

O  is  the  phosphoric  anhydride  jar.  A  little 
asbestos  is  placed  in  the  lower  part  just  above 
the  lower  stopper.  The  remaining  space  in  the 
jar  is  completely  filled  with  phosphoric  anhydride. 
The  upper  stopper  is  packed  tightly  enough  to 
pTPvent  any  powder  being  swept 'into  the  weigh- 
ing appMiratus.  As  the  anhydride  liquefies  it 
down  into  the  lower  stopper,  where  it  can 
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be  removed  conveniently  without  disturbing  the  anhydride  above  it.    Likewise 
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the  anhydride  can  be  replenidied  by  removing  only  the  upper  stopper.  The 
jar  need  not  be  washed  oftener  than  once  in  500  combustions.  When  filled 
with  anhydride,  fresh  reagent  need  not  be  added  for  at  least  150  combustione. 
After  each  combustion  the  jar  should  be  given  a  few  sharp  taps  with  the  hind 
to  prevent  canals  being  formed. 

Details  of  the  Absorption  Apparatus.    The  absorption  apparatus,  shown 

in  detail  in  Fig.  16,  has  been  modified  slightly  at  the  sus* 
gestion  of  Henry  G.  Martin,  of  the  Railway  Steel  Spring 
Company,  Chicago  Heights,  111.  This  apparatus  is  no  moie 
efficient  than  the  old  style,  but  it  is  much  more  convement* 
and  less  troublesome.  In  the  old-style  tube  the  anhydriik 
would  liquefy  after  several  days  and  require  replenishiog. 
To  overcome  this,  Mr.  Martin  suggested  using  separate  cham- 
bers for  the  anhydride  and  soda  lime,  so  that  communicaticNi 
could  be  broken  when  the  tube  was  standing  idle.  The  tube 
shown,  Fig.  16,  is  Fleming's  modification  of  Mr.  Martm's 
suggestion.  When  properly  filled  this  tube  will  serve  for  aft 
least  70  combustions  when  operating  on  1.5  grams  of  san^de 
containing  1.03%  carbon. 

The  anhydride  in  the  upper  chamber  serves  for  at  leMfc 
^^^^^  300  combustions.    Soda  lime,  placed  in  the  lower  tube  in  alter* 

F     tc pi     •       ^^^  layers  (J  in.)  of  the  different  meshes,  has  proven  a  veiy 

Absorption  Ai^    convenient  and  desirable  reagent.    The  ll^mesh  soda  lime  for 
paratus.  nitrogen  can  also  be  used  with  excellent  results.     If  this  ii 

employed,  part  of  it  should  be  ground  to  about  60-mesh  sad 
alternate  layers  of  fine  and  coarse  used. 

It  is  exceedingly  important  that  the  tube  be  loaded  with  alternate  layen 
of  coarse  and  fine  reagent,  for,  if  the  12-mesh  reagent  is  transferred  directif 
from  the  bottle  to  the  absorption  tube,  the  latter  will  fail  to  be  effective  for 
more  than  30  combustions  and  in  some  cases  less.  The  reason  for  this  is  evident 
The  lower  stopper  is  packed  loosely  with  asbestos,  also  the  lower  portion  of  the 
soda  lime  chamber  just  above  the  stopper.  Beginning  with  a  layer  ef 
12-mesh  soda  lime,  the  entire  chamber  is  filled  with  alternate  layers  of  fine  ant 
coarse  reagent.  The  small  diameter  of  the  anhydride  chamber  is  packed  witk 
asbestos  and  the  remaining  space  filled  with  phosphoric  anhydride.  FinaQf, 
the  upper  stopper  is  packed  with  asbestos.  The  anhydride  chaml)er,  filled 
indicated,  will  not  require  refilling  for  at  least  300  combustions.  It  is 
necessary  to  turn  the  chamber  to  break  communication  while  the  tubes 
idle,  for  the  packing  of  the  small  diameter  ^vith  asbestos  prevents  the  absoi 
of  moisture  from  the  soda  lime.  The  tubes  must  be  used  in  pairs,  so  that 
serves  as. a  tare  in  weighing  the  other.  A  pair  of  tubes  assures  the  operator 
of  at  least  140  combustions.  A  glass  or  rubber  tubing  about  12  ins.  long  senm 
as  a  guard  for  tiie  absorption  tube.  It  coimects  the  bottle.  Pi,  which  is  ueod 
to  indicate  flow  of  gas. 

The  use  of  clay  boats  has  been  abandoned  in  favor  of  nickel  boats  filled 
alundum.    These  are  greatly  sui)erior  to  clay  boats  in  every  conceivable 
The  alundum  is  labeled  as  being  free  from  carbon,  but  this  is  not  true.     In  b 
some  of  it  contains  considerable  carbon.    It  should  always  be  burned  in  oxy| 
at  1000®  before  using.    The  boats  are  formed  out  of  22-gauge  pure  sheet  wA 
One  boat  will  serve  for  about  100  to  150  combustions,  some  more,  some  less. 


CARBON  99 

Details  of  the  Analysis.  The  furnace  being  at  1000^,  the  two  freshly 
prepared  absorption  tubes  are  placed  in  the  train  and  oxygen  run  through  at 
the  rate  of  300  cc.  per  minute  for  fifteen  minutes.  This  insures  the  displace- 
ment of  all  air  from  the  purifying  train  as  well  as  the  absorption  tubes.  Remove 
one  absorption  tube  from  the  train  and  turn  on  the  oxygen  until  the  mercury 
stands  at  about  2  ins.  The  rate  of  current  is  then  measured  by  inverting  a 
graduated  cylinder  filled  with  water.  Several  trials  will  establish  a  rate  of 
about  325  cc.  per  minute.  Note  the  reading  of  the  column  of  mercury  at  this 
rate  and  subsequently,  when  using  the  same  absorption  tube,  maintain  this 
same  pressure  in  the  train  and  the  rate  of  flow  will  be  325  cc,  the  rate  during  all 
combustions.  Shut  off  the  oxygen  and,  when  it  comes  to  a  slow  bubbling 
through  Pi,  close  the  upper  stopper  of  the  absorption  tube.  Disconnect  it  from 
the  train,  but  do  not  close  the  lower  stopper  for  about  five  seconds  after  dis- 
connection. Weigh  against  its  mate  as  a  tare.  It  is  now  ready  for  the  first 
combustion. 

Weigh  1.5  grams  of  drillings,  preferably  thin,  curly  drillings  from  a  twist 
driU,  and  spread  out  in  the  nickel  boat  which  is  half  filled  with  alundum.  Place 
the  absorption  tube  in  the  train  and  place  its  mate  beside  it.  With  the  oxygen 
flowing  about  100  cc.  per  minute,  the  drillings  are  pushed  into  the  combustion 
tube.  The  current  is  immediately  run  up  to  the  desired  pressure,  which  gives 
325  cc.  per  minute.  The  regulator  will  do  the  rest.  It  will  feed  the  oxygen 
automatically  to  the  burning  steel.  As  a  rule  the  drillings  are  entirely  burned 
one  and  one-half  minutes  after  insertion.  Continue  the  flow  of  oxygen  foi 
three  and  one-half  minutes  more  (five  minutes,  total  time)  and  disconnect 
as  before  the  absorption  tube.  Weigh  immediately.  The  result  will  be  accurate 
and  reliable.  Whether  determining  carbon  in  a  standard  steel,  where  the 
greatest  accuracy  is  required,  or  in  a  bath  test,  the  time  required  is  alwa3r8 
five  minutes. 

The  weight  of  the  boat,  plus  refractory  lining,  should  be  kept  as  low  as 
possible,  so  as  not  to  introduce  too  much  cold  material  into  the  combustion 
tube.  The  boats  used  in  this  laboratory  are  i  in.  wide,  i  in.  deep  and  3  ins.  long. 
Sheet  nickel  varies  in  percentage  of  carbon.  As  a  rule,  a  nickel  boat  must  be 
ignited  in  oxygen  at  1000°  for  one  to  two  hours. 

There  seems  to  be  a  difference  of  opinion  concerning  the  physical  condition 
of  the  steel  after  burning,  some  chemists  believing  that  inaccurate  results  are 
obtained  if  the  drillings  have  fused  during  combustion.  Others  maintain  that 
ecnnplete  fusion  of  the  drillings  is  essential  to  accurate  result.  If  drillings 
which  happen  to  be  a  little  thick  are  used,  low  ra^ult?  are  obtained  unless  these 
are  perfectly  fused, 

Qraphitic  Carbon 

In  Iron  and  Steel.  The  sample  of  1  gram  of  pig  iron  or  10  grams  of 
steel  is  treated  with  15  cc.  of  nitric  acid  (sp.gr.  1.2),  per  gram  of  sample  taken. 
When  all  the  iron  has  dissolved,  th6  graphite  is  allowed  to  settle  and  the  super- 
natant liquid  decanted  onto  an  ignited  asbestos  filter,  using  either  a  perforated 
boat.  Fig.  17,  or  a  filtering  tube.  The  residue  is  transferred  to  the  filter, 
and  washed  thoroughly  with  hot  water.  It  is  treated  with  hot  caustic 
solution  (sp.gr.,  1.1),  washed  thoroughly  again  with  hot  water,  then  with  a 
little  dilute  hydrochloric  acid,  and  finally  with  hot  water.  The  carbon  is 
now  burned  by  one  of  the  procedures  given — the  oxidation  in  the  combustion 

85521 


100 


CARBON 


furnace  being  recommended.    The  C02  is  absorbed  in  caustic  and  estimated 
according  to  the  standard  procedure  given  for  carbon. 

COaX  0.2727=  graphitic  carbon. 

The  perforated  boat,  shown  in  the  cut,  fits  snuf^ 
into  the  receptacle  below.  Sufficient  asbestos  is  poured 
into  the  boat  to  form  a  film  over  the  bottom.  A  sed 
is  made  around  the  boat  with  additional  asbestos,  the 
apparatus  having  been  inserted  in  a  rubber  stopper 
in  the  neck  of  a  suction  flask  and  suction  applied. 

The  apparatus  is  recommended  by  Blair  for  com- 
bustion of  graphitic  carbon  or  of  total  carbon  liberated 

T?,«  IT     n^*     jij  ij      from  iron  or  steel  by  the  cupric  potassium   chlonde 
1«IG.  17. — neat  and  Holder         ,,     ,       ^,      ,       .    "^  i  i       j     j«     \^      •      ^i 

forCarlwn  Determina-   method.     The  boat    may  be    placed    directly  m  the 

tion.  combustion  tube  and  the  carbon  oxidized  as  usual. 


'01 


The  Shimer  Combustion  Apparatus  ^ 

The  apparatus,  designed  for  the  rapid  determination  of  iron  and  steel,  is 
in  general  applicable  to  the  same  class  of  chemical  operations  as  is  the  com- 
bustion tube  of  platinum,  silica,  or  porcalain.  It 
offers  the  advantage  of  neatness,  reduction  in  the 
number  of  parts  to  be  handled,  diminished  con- 
sumption  of  gas,  and  increased  ease  of  manipula- 
tion. The  simplified  form,  shown  in  the  cut,  Fig. 
18,  enables  the  use  of  the  standard  form  of  plati- 
num crucible.  A,  with  its  inner  wall  ground  to  fit  a 
tapered  nickel,  water-jacketed  stopper,  B.  The  rub- 
ber jacket  of  the  original  type  is  eliminated  and  a 
detachable  nickel  reinforcing  ring,  C,  at  the  top  of 
the  crucible  serves  the  double  purpose  of  completing 
the  security  of  the  seal  and  as  a  support  for  the 
apparatus.  B  o 

Water  is  circulated  through  the  stopper  through  Fig.  18.— Shimer  CombustioB 
the  tubes  C  and  D.  The  current  of  oxj'gen  passes  Apparatus,  Simplified  Fbnn. 
through  A  into  the  crucible,  oxidizing  the  material 

within  the  crucible,  which  is  heated  to  red  heat  with  a  burner  placed  below  it 
The  carbon  dioxide  formed  passes  through  B  to  the  absorption  train.  The 
remainder  of  the  apparatus  for  the  determination  is  the  same  as  is  used  with 
the  combustion  tube.  An  asbestos  shield  protects  the  upper  portion  of  the 
outfit,  the  crucible  fitting  snugly  in  a  hole  in  the  asbestos  board. 


Combined  Carbon 

Indirect  Method.  The  excess  of  carbon  remaining  when  the  graphitic 
carbon  is  subtracted  from  t^)tal  carbon  (in  iron  and  steel),  is  calculated  as  com- 
bined carbon.  This  difference  method  is  generally  accepted  as  being  the  most 
accurate  for  estimation  of  combined  carbon. 

^  Courtesy  of  Baker  Platinum  Works. 
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^^oTEs.  lo  chrcxniuiD,  tunpten  and  titanium  steels  a  temperature  of  1500**  C. 
»  necemary  to  oxidize  the  carbon  by  direct  combustion  for  thirty  minutes.  (J.  R. 
Cain  and  H.  E.  Cleaves,  J.  Wash.  Acad.  Sci.,  1»4,  4,  393-397.) 

Carbon  in  SaiU.  One  to  3  grams  of  60-mesh  sample  is  treated  with  a  solu- 
tion oC  3.3  grains  CrOi+lO  cc.  H,0  and  50  cc.  cone.  H^S04  (1.84).  The  evolved 
CO,  is  absorbed  in  standard  caustic  and  titrated  with  acid,  phenolphthalein  and  methyl 
offmnce  bein^  osed  as  indicators.     (J.  Ind.  Eng.  Chem.,  1914,  6,  843-846.) 

DETERMINATION  OF  CARBON  IN  ORGANIC  SUBSTANCES 

Combustion  of  Organic  Substances  Free  of  Nitrogen,  Halogens, 

Sulphur,  and  the  Metals 

The  following  modification  of  the  procedure  described  for  determination 
of  carbon  in  iron  and  steel  is  applicable  to  the  determination  of  carbon  in  organic 
suhBtances  free  from  the  substances  mentioned  above. 

Apparmtos.  This  is  practically  the  same  as  that  shown  in  Fig.  19,  with  the 
exceptions  that  copper  plugs  may  be  used  to  advantage  in  place  of  the  plati- 
num plu0B.  In  the  al^rption  end  of  the  train  a  calcium  chloride  tube  iis 
preferred.  The  calcium  chloride  should  have  been  saturated  with  dry  Cd 
gas,  the  excess  of  which  has  been  removed  by  a  current  of  pure  air.    This  tube 

Copper 
Flatinum  Boat,    Platinum  Oxide     .Platinum 


Flo.  19. — Diagnunmatic  Sketch  of  Combustion  Tube. 

is  ^-eighed  as  well  as  the  potash  bulb,  the  calcium  chloride  retaining  the  water 
formed  by  the  combustion  of  the  hydrogen  of  the  organic  substance,  which 
is  thus  determined. 

The  organic  substance,  if  a  solid,  is  introduced  into  the  combustion  boat 
directly;  if  it  is  a  liquid,  it  is  held  in  a  bulb  blown  in  a  capillary  tube.  One 
end  of  the  tube  is  sealed  and  a  bulb  blown.  When  cool,  the  tui)e  is  weighed,  and 
the  material  then  introduced  by  first  wanning  the  bulb  and  then  inserting  the 
open  end  of  the  tube  into  the  liquid  to  be  examined.  By  cooling  the  bulb,  liquid 
is  drawn  into  the  tube.  The  end  is  wiped  off,  and  the  liquid  expelled  from 
the  ci4>illary  by  gently  heating  this  portion.  The  end  is  now  sealed  if  the 
liquid  is  volatile,  otherwise  it  is  left  open,  and  the  tube  is  weighed.  The 
increased  weight  is  due  to  the  organic  substance.  The  tip  of  the  capillary  is 
now  broken,  if  sealing  was  necessary,  by  means  of  a  file.  The  tube  containing 
the  sample  is  placed  in  the  boat,  the  open  end  of  the  capilkry  pointing  toward 
the  open  end  of  the  combustion  tube.  After  connecting  up  the  apparatus, 
the  copper  oxide  end  of  the  tube  is  heated  to  redness  and  oxygen  slowly  passed 
throu^  the  tube  at  such  a  rate  that  the  bubbles  in  the  potash  bulb  can  be 
readily  counted.  The  entire  tube  is  now  heated  and  remaining  operation  is 
the  same  as  has  been  described  for  iron  and  steel  combustion. 

Tlie  gain  of  weight  of  the  calcium  chloride  tube  is  due  to  water  formed  by 
the  combustion  of  hydrogen  of  the  compound,  that  of  the  potash  bulb  to  the 

cartx^n. 

H,OX0.1121-H, 
CO,  X  0.2727  =C. 
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Note.  The  oxygen  gas  should  be  free  from  hydrogen.  A  preheater,  i 
before  the  purifying  tubes  of  the  train,  causes  the  combustion  of  the  hydroge 
the  absorption  of  the  water  formed  before  the  gas  enters  the  combustion  tube. 

Determination  of  Carbon  and  Hydrogen  in  Nitrogenous 

Substances 

A  modification  of  the  first  procedure  described  for  determinations  of  c 
and  hydrogen  in  organic  substances  must  be  made,  since  from  subs 
containing  nitrogen,  nitroso  and  nitro  compounds,  oxides  of  nitrogen  are  f< 
which  would  be  absorbed  in  the  calcium  chloride  and  potash  bulbs,  givini 
results  for  hydrogen  and  carbon.  To  overcome  this  difficulty,  a  copper 
that  has  been  reduced  (See  note  below)  is  placed  in  the  front  end  < 
combustion  tube  (to  the  right  in  Fig.  19)  to  reduce  the  oxides  of  nitrof 
nitrogen. 

Note.  Reduction  of  copi>er  spiral  may  be  accomplished  as  follows:  The 
spiral  is  prepared  bv  rolling  together  a  piece  of  copper  gauze  about  10  oenti 
wide,  making  it  as  large  as  will  conveniently  pass  into  the  combustion  tube 
spiial  is  heated  till  it  glows  by  holding  it  in  a  large  gas  flame,  and  whi 
hot  it  is  dropped  into  a  test-tube  containing  1  or  2  cc.  of  methyl  alcohol  or 
This  quickly  boils  away,  igniting  at  the  end  of  the  tube.  The  copper  is  csom 
reduced  to  bright  metallic  copper.  The  spiral  is  taken  out  with  a  pair  of  c 
tongs  and  dried  by  quickly  passing  it  through  a  flame  a  few  times,  and  whi 
still  warm  it  is  introduced  into  the  front  of  the  combustion  tube.* 

rii;  .nq  The  substance  is  introduced  into  the  tube  and  the  connections  made. 

i]i,*iJj  copper  oxide  spiral,  that  was  pushed  after  the  boat,  is  heated,  and  tb 

vt;-"  V,  reduced    spiral    (right   end   of   tube).    The   oxide   near  the  boat,  and 

ici  i  the  entire  tube  is  heated  to  a  red  heat.    When  the  bubbles  cease  to  si 

t''  *  the  potash  bulb,  the  stopcock  is  opened  to  the  oxygen-purifying  train 

i':  .  'j'  slow  flow  of  oxygen  turned  on,  the  gas  allowed  to  pass  through  the  tub 

"fe   I  it  can  be  detected  with  a  glowing  splinter  at  the  exit  of  the  absorption 

I  ■  r  the  apparatus. 

I , ' '  If  the  substance  is  difficult  to  bum,  it  is  mixed  with  freshly  ignited 

'^  copper  oxide,  which  assists  combustion. 
l^  The  remainder  of  the  operation  is  the  same  as  has  been  described. 

.  if  Organic  Substances  Containing  Halogens 

T  3;  The  procedure  is  the  same  as  that  described  for  nitrogenous  subs 

with  the  exception  that  a  silver  spiral  is  used  in  place  of  the  reduced  ' 

spiral.    The  heating  of  this  spiral*  should  be  between  180  and  200**  C 
over  200**). 

Organic  Substances  Containing  Sulphur 

These  are  best  ignited  with  sodium  peroxide  and  the  carbonate  fon 
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ii  ^   ['  determined  by  the  procedure  given  for  carbon  dioxide  in  carbonates. 

1    . 
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The  Wet  Combustion  Process  for  Determination  of  Carb 

The  method  depends  upon  tiie  oxidation  of  carbon  to  carbon  dioxid< 
the  powdered  material  is  digested  with  a  mixture  of  concentrated  sul 
acid  and  chromic  acid,  or  potassium  dichromate,  or  permanganate.    TI: 

*  Treadwell  and  Hall,  "Quantitative  Analysis."    John  Wiley  A  Sodb. 
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cedure  is  applicable  to  oxidation  of  free  carbon,  carbon  combined  in  organic 
substances  and  in  certain  instances  to  carbon  combined  with  metals,  where 
the  substance  may  be  decomposed  by  the  action  of  the  acids.  ^  It  is  of  value 
in  detennination  of  carbonates  in  presence  of  sulphides,  sulphites,  thiosulphates 
and  nitrites,  which  would  vitiate  results  were  they  not  oxidized  to  more  stable 
fonnSy  from  passing  into  the  potash  bulb  with  the  carbon  dioxide. 

Apparatus.  The  apparatus  is  identical  with  that  used  for  determining 
carbon  dioxide  in  carbonates,  Fig.  20,  with  the  exception  that  in  place  of  the 
acid  bulb  nearest. the  decomposition  ^ask  two  bulbs  are  placed.  The  first  of 
these  contains  a  strong  solution  of  chromic  and  sulphuric  acids,  the  second 
is  filled  with  glass  beads  moistened  with  chromic  acid  solution.  Following  this 
is  the  dr3dng  bulb  containing  concentrated  sulphuric  acid  and  finally  the 
absorption  apparatus,  as  shown  in  the  illustration. 

Procedure.  0.2  to  1  gram  of  the  powdered  material,  fine  drillings,  free 
carbon,  or  organic  substance  is  placed  in  the  decomposition  flask.  If  the 
material  is  apt  to  pack  it  is  advisable  to  mix  with  it  pure  ignited  sea-sand  to 
prevent  this.  Five  to  10  grams  of  granular  potassium  dichromate  are  added 
and  the  apparatus  swept  free  of  carbon  dioxide  by  passing  purified  air  through 
it  before  attaching  the  absorption  apparatus.  The  potash  bulb  is  now  weighed, 
using  a  counterbalance  bulb  and  following  the  precautions  given  in  the  dry* 
combustion  method.    The  bulb  is  attached  to  the  train. 

Oxidation.  Concentrated  sulphuric  acid  placed  in  the  acid  funnel,  attached 
to  the  decomposition  flask,  is  allowed  to  flow  down  on  the  sample  until  the 
funnel  is  almost  empty;  the  stop-cock  is  then  closed.  A  flame  is  placed  under 
the  flask,  when  the  vigorous  action  has  ceased,  and  the  material  gently  heated 
until  the  reaction  is  complete  and  the  organic  matter  or  carbon  completely 
oxidized. 

The  apparatus  is  now  swept  free  of  residual  COs  by  applying  suction,  the  gas 
being  completely  absorbed  by  the  potash,  or  the  soda  lime  reagent. 

The  increase  of  weight  of  the  absorption  bulb  is  due  to  carbon  dioxide. 

COaX0.2727=C. 

Note.  The  following  additional  purifiers  are  frequently  advisable:  (a)  an  absorp- 
tion bulb  containing  silver  sulphate  to  absorb  chlorine  and  vapors  from  sulphur 
compounds;  (6)  a  capillary  tube  of  silica  or  platinum  heated  to  a  dull  redness  to  oxidize 
any  nydrocarbons,  carbon  monoxide,  etc.,  that  may  be  evolved  and  imperfectly  oxidized 
by  the  chromic  acid. 

DETERMINATION  OF  CARBON  DIOXIDE  IN  CARBONATES 

The  method  is  applicable  for  determination  of  carbon  dioxide  in  limestone, 
dolomite,  magnesite,  strontianite,  witherite,  spatic  iron  ore,  carbonates  of  sodium, 
and  potassium,  bicarbonates  in  baking  powder,  carbon  in  materials  readily 
oxidized  to  COi  chromic  sulphuric  acid  mixture.  The  procedure  depends  upon 
the  evolution  of  carbon  dioxide  by  a  less  volatile  acid,  or  the  oxidation  of  carbon. 
The  COt  is  absorbed  in  caustic  and  weighed. 

Apparatus.  »The  iUustration  shows  the  apparatus  found  suitable  for  this 
determination.  It  is  Knorr's  apparatus  slightly  modified.  The  absorption 
bulb  or  bottle  should  be  one  that  will  effectively  absorb  carbon  dioxide  entering 

*  Not  applicable  for  determining  carbon  in  ferro-silicon,  ferro-chrome  or  tungsten 
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at  a  rapid  rate.     The  Vanier  or  the   Fbming   forms   is  satisfactory  for 
purpose. 

Procedure.  A  sample  weighing  0.5  to  2  grams,  according  to  the  ca 
dioxide  content,  is  placed  in  the  dry  decomposition  flask  (C).  The  flu 
closed  by  inserting  the  funnel  tube  (fl)  fitted  with  the  soda  lime  tube  (A), 
connected  by  means  of  a  condenser  to  the  train  for  removing  impurities  j 
carbon  dioxide,  leading  to  the  absorption  bulb,  as  shown  in  Fig.  20. 


Fia.  20. — Apparatus  tor  Determining  Cnrl>on  Dioxide. 

The  apparatus  is  swept  out  with  a  current  of  dry,  purified  air  before  attac 
the  weighed  absorption  bottle.  This  is  accompliKhed  by  applying  gentle  sue 
at  the  end  of  the  purifying  train.  The  absor]>tion  apparatus  is  now  attai 
(Fleming  absorption  apparatus  is  shown  in  the  illustration).  The  tube 
is  nearly  filled  with  dilute  sulphuric  acid  (1  :  3),  the  stop-cock  (B')  being  ck 
The  soda  lime  tube  is  now  inserted  into  place  as  shown  in  the  cut.  "nie 
in  (S)  is  now  allowed  to  run  slowly  down,  on  the  sample  at  a  rate  that  en 
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gas  not  too  rapidly  to  be  absorbed;  1  to  2  cc.  of  acid  being  retained  in  {B)  to 
act  as  a  seal,  the  stop-cock  (B')  being  then  closed. 

When  the  violent  action  has  ceased,  the  solution  in  (C)  is  heated  to  boiling 
and  boiled  for  about  three  minutes.  If  the  sample  is  baking  powder,  or  con- 
tains organic  matter,  the  decomposition  flask  is  protected  from  excessive  heat  by 
placing  a  casserole  of  hot  water  under  it.  This  prevents  charring  of  the  starch 
or  organic  matter,  which  would  be  apt  to  occur  if  the  direct  flame  was  used. 
Gentle  suction  is  now  applied  to  the  absorption  end  of  the  apparatus  and  the 
stop-cock  {B')  opened,  allowing  the  remainder  of  the  acid  to  flow  into  the  flask  (C) 
and  admitting  a  current  of  air,  purified  by  passing  through  the  soda  lime  in 
{A).  The  suction  should  be  gentle  at  first,  and  then  the  speed  of  the  flow 
increased  to  the  full  capacity  of  the  absorption  bottle.  A  fairly  rapid  current 
is  preferred  to  the  old-time  procedure  of  bubbling  the  gas  through  the  apparatus 
at  a  snail-like  pace,  but  discretion  should  be  used  in  avoiding  a  too  rapid  flow. 

In  the  analysis  of  baking  powders,  where  foaming  is  apt  to  occur,  the  decom- 
position flask  should  be  of  sufficient  capacity  to  prevent  foaming  over.  A  small 
flask  is  generally  to  be  preferred  for  obvious  reasons.  By  gently  heating  to 
boiling  during  the  passage  of  the  air,  steam  assists  in  expelling  any  residual 
COs  in  the  flask.  When  thie  passage  of  air  is  rapid,  this  boiling  should  be  dis- 
continued. 

The  increase  of  weight  of  the  absorption  bottle  is  due  to  the  carbon  dioxide 
of  the  sample.    This  procedure  gives  total  COt. 

Determination  of  Carbon  Dioxide  by  Measuring  the  Qas 

Fairly  accurate  results  may  be  obtained  by  measuring  the  gas  evolved.  A 
iai^e  cylindrical  tube  having  a  capacity  of  about  1100  cc.  is  used.  The  tube 
is  graduated  from  1000  cc.  to  0  at  the  upper  portion  of  the  cylinder;  a  space  of 
about  100  cc.  remains  at  the  upper  portion.  A  tube  extending  from  a  little 
above  the  0  graduation  to  the  bottom  of  the  cylinder  carries  out  the  water  as 
the  gas  is  admitted. 

To  make  the  run,  the  cylinder  is  filled  to  the  mark  0  with  saturated  salt 
solution.^  It  is  now  connected  to  a  condenser.*  Twenty-five  cc.  of  saturated 
salt  solution  are  admitted  to  the  decomposition  flask,  and  the  generated  gas 
measured  by  the  water  displacement  in  the  tube  described.  Calculations  are 
made  after  reduction  to  standard  conditions.  5.1  cc.  CO2  at  0°  C.  and  760 
mm.  weigh  0.01  gram. 

Residual  Carbon  Dioxide 

This  is  the  COi  remaining  after  baking  powder  has  been  treated  with  water 
and  the  evolved  COt  expelled  by  warming. 

The  procedure  recommended  by  the  U.  S.  Department  of  Agriculture  is  as 
follows:* 


» H.  W.  Brubacker,  Jour.  Ind.  Eng.  Chem.,  1915,  7.  432. 
*The  nitrometer  ir       " 
tions  obtained  as  usual 

(P-w) 


*  The  nitrometer  may  be  used  in  place  of  the  cylinder  and  atmospheric  condi- 

Ell.    Formula  for  reduction  to  760  millimeters  and  0   C: 


^'    ^  760(1 -h  .003670' 
*  Bureau  of  Chem.  Bulletin  No.  107. 
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Weigh  2  grams  of  baking  powder  into  a.  flask  suitable  for  the  si 
determination  of  carbonic  acid,  add  20  cc.  of  cold  water,  and  allow  to 
twenty  minutes.    Place  the  flask  in  a  metal  drj'ing  cell  surrounded  by  b 
water  and  heat,  with  occasional  shaking,  for  twenty  minutes. 

To  complete  the  reaction  and  drive  off  the  last  traces  of  gas  fn»n  the 
solid  mass,  heat  quickly  to  boiling  and  boil  for  one  minute.    Aspirate  until  tb 
air  in  the  flask  is  thoroughly  changed,  and  determine  the  residual  carbon  dioiidi 
by  absorption,  as  described  under  total  carbonic  acid. 

The  process  described,  based  on  the  methods  of  McGill  and  Catlin, 
as  far  as  practicable,  the  conditions  encountered  in  baking,  but  in  such  a 
that  concordant 'results  may  be  readily  obtained  on  the  same  sample,  and  MB- 
parable  results  on  different  samples. 

Available  Carbon  Dioxide 

The  residual  is  subtracted  from  the  total,  and  the  difference  taken  as  «yi4- 


Determination  of  Carbon  Dioxide  by  Loss  of  Weight 

An  approximate  estimation  of  the  carbon  dioxide  in  carbonates— bikii| 
powders,  bicarbonate  of  soda,  limestone,  etc.,  may  be  obtained  by  the  km  it 
weight  of  the  material  when  treated  with  a  known  weight  of  acid. 


Fio.  21.— Schroetter's  Alkalimeter.        Fio.  22.— Mohr's  Alkalimeter. 

Various  foniis  of  apparatus  are  used  for  this  determination.     The  Schroettet 
and  Mohr  types  are  shown.  Figs.  21  and  22. 

About  0.5  to  1.0  gram  of  sample  is  taken  and  placed  in  the  bottom  of  tltt  | 
flask,  dilute  hydrochloric  and  strong  sulphuric  acids  then  placed  in  the  bolbl 
AS  indicated  in  the  ill uutrat ions.  The  apparatus  is  weighed  as  it  is  thus  charged. 
The  bydroclilorio  acid  is  now  allowed  to  flow  down  on  the  carbonate  and  the 
stojjper  closed.  The  evolved  gas  passes  through  the  strong  sulphuric  acid, 
which  absorbs  the  moisture.    After  the  vigorous  action  has  subsided  the  b{^m- 
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ratus  is  placed  over  a  low  flame  and  the  solution  heated  to  boiling  and  boiled 
very  gently  for  about  three  minutes.  COr-free  air  is  aspirated  through  the 
sf>lution  to  expel  the  last  traces  of  COt,  by  applying  gentle  suction  at  a  and 
opening  6,  the  air  being  purified  by  passing  through  soda  lime.  The  apparatus 
is  ag3in  weighed  and  the  loss  of  weight  taken  as  the  COt  of  the  material. 

Available  COi  in  baking  powder  may  be  determined  by  substituting  water 
in  place  of  hydrochloric  acid. 

VOLUMETRIC   METHODS   FOR  THE   DETERMINATION    OF 

CARBON 

Total  Carbon.    Absorption  of  Carbon  Dioxide  in  Barium  Hydroxide 

The  carbon  dioxide  evolved  by  oxidation  of  the  material  by  dry  combustion 
with  oxygen  or  by  oxidation  with  chromic  sulphuric  acid  mixture  is  absorbed 
in  barium  hydroxide,  free  from  carbonate,  and  the  precipitated  barium  car- 
bonate titrated  with  standard  hydrochloric  acid. 

Procedure.  The  essential  difference  in  this  method  from  those  already 
d^cribed  under  the  gravimetric  methods  is  in  the  fact  that  a  perfectly  clear 
saturated  solution  of  barium  hydroxide  is  used  for  absorption  of  the  carbon 
dioxide  in  place  of  caustic  potash.  Considerable  care  must  be  exercised  to 
prevent  contaminating  the  reagent  with  carbonate.  The  solution  is  drawn 
by  suction  through  a  siphon,  dipping  below  the  surface  of  the  reagent,  into  the 
absorption  tube,  which  should  be  of  such  construction  that  the  material  may 
readily  be  poured  out.  After  absorption  of  the  Cd  gas,  the  apparatus  is  dis- 
connected and  the  excess  barium  hydroxide  neutralized  with  dilute  hydro- 
chloric acid  (1:4)  using  phenolphthalein  indicator.  A  few  drops  of  methyl 
orange  are  now  added  and  a  measured  excess  of  standard  hydrochloric  acid 
run  in  from  a  burette.  After  heating  to  boiling  the  excess  acid  is  titrated  with 
standard  caustic  solution,  1  cc.  of  which  is  equivalent  to  1  cc.  of  the  hydro- 
chloric acid. 

HC1X0.1646=C. 

1  cc.  N/10  HCloO.0022  gram  COi. 

Note.  The  method  is  used  in  the  Omaha  laboratory  of  the  Union  Pacific  Rail- 
road. Dr.  N.  F.  Harriman,  Chief  Chemist,  informed  the  writer  (W.  W.  Scott),  that 
with  care  no  difficulty  is  experienced  with  contamination  of  the  barium  hydroxide 
and  excellent  results  are  obtained.  The  Victoi^Meyer  bulb  is  used  for  holding  the 
barium  hydroxide. 


Determination  of  Carbon  by  Measurement  of  the  Volume  of  Carbon  Dioxide  Evolved 
by  Oxidation  of  Carbon,  or  by  the  Decomposition  of  Carbonates  with  Acid. 

Description  of  the  Scheibler  and  Dietrich  Process  and  that  of  Lunge  and  March- 
lewski  are  given  in  Mellor's  work  on  "Inorganic  Analysis,"  pp.  555-559,  Ist  Ed. 
A  modification  of  Wiborg's  method  is  described  in  Blair,  ''^Chemical  Analysis  of  Iron," 
pp.  146-149,  7th  Ed. 

Determination  of  Carbon  Dioxide  in  a  Gas  Mixture. 
See  Gas  Analysis. 
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Direct  Colorimetric  Method  for  Determination  of  Combined 

Carbon 

The  procedure  is  of  value  to  the  steel  laboratory  where  a  large  number  of 
daily  determinations  of  combined  carbon  are  required.  By  this  method  over  a 
hundred  determinations  a  day  may  be  made  by  an  experienced  manipulator. 
The  method  depends  upon  the  color  produced  by  combined  carbon  dissolved 
in  nitric  acid,  the  depth  of  color  increasing  with  the  combined  carbon  content 
of  the  material.  Comparison  is  made  with  a  standard  sample  of  iron  or  steel, 
which  is  of  the  same  kind  and  in  the  same  physical  condition  as  the  material 
tested.*  That  is  to  say,  a  Bessemer  steel  should  be  compared  with  a  Bessemer 
standard,  open  hearth  with  open  hearth,  crucible  steel  with  crucible  steel,  the 
standards  containing  approximately  the  same  amounts  of  carbon,  and  as  nearly 
as  possible  the  same  chemical  composition.  The  samples  should  be  taken 
from  the  original  bar  which  has  not  been  reheated,  hammered^  or  rolled.     Copper, 


Fig.  23.  Fig.  24. 

Hot  Water  Racks  for  Test  Tubes.     Color  Carbon  Determination. 

cobalt,  and  chromium  will  interfere  with  the  test;  the  other  elements  have  very 
little  effect. 

Procedure.  One  standard  sample  of  0.2  gram  and  the  same  amount  of 
sample  drillings  are  taken  for  analysis.  The  weighings  are  conveniently  made 
in  brass  or  aluminum  pans,  boat-shaped  to  enable  the  drilUngs  to  be  dumped 
into  test-tubes.  A  counterpoise,  weighing  the  same  as  the  boat,  is  placed  on 
the  opposite  pan,  together  with  the  0.2  gram  weight.  A  magnetized  knife  will 
assist  in  removing  the  excess  of  material.  The  weighed  sample  is  brushed  into 
a  test-tube  6  ins.  long  (150  mm.)  f  in.  ()6  mm.)  in  diameter.  (Each  test-tube 
has  a  label  near  the  open  end  to  distinguish  the  sample.)  A  rack  or  a  600-cc. 
beaker  may  be  employed  for  holding  the  t.est-tubes  during  the  weighing.  After 
the  batch  is  ready  the  tubes  are  transferred  to  a  perforated  rack  (Figs.  23  or  24) 
and  this  then  stood  in  the  water  bath  filled  with  cold  water. 

The  proper  amount  of  nitric  acid  (sp.gr.  1.2;  e.g.,  1  cone.  HNOs  :  1  HjO), 
from  a  burette,  is  now  added  to  each  test-tube. 


3  cc.  HNOa  for  0.3%  C. 

4  cc.  HNO,  for  0.3  to  0.5%. 

5  cc.  HNO3  for  0.5  to  0.8%  C. 


6  cc.  HNO3  for  0.8  to  1%  C. 

7  cc.  HXO3  for  over  1%  C.  steel*. 


*  Blair,  **The  Chemical  Analysis  of  Iron." 
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The  depth  of  color  produced  by  the  acid  will  give  an  idea  of  the  amount 
required.  One  cc.  of  acid  is  added  at  a  time  until  the  depth  of  color  is  correct. 
This  requires  experience  gained  from  observation  of  the  color  produced  by  standard 
samples.  The  acid  is  added  slowly  to  the  coarse  drillings.  Insufficient  acid 
gives  a  darker  tinted  solution  than  it  properly  should  be.  The  nitric  acid  should 
be  free  from  chlorine  and  hydrochloric  acid,  since  these  produce  a  yellow  color. 
(a  and  FeCl,  are  yellow.) 

A  glass  bulb  or  a  small  funnel  is  placed  in  each  test-tube  and  the  water  in 
the  bath  then  heated  to  boiling  and  boiled  until  all  the  carbonaceous  matter 
has  dissolved,  the  tubes  being  shaken  from  time  to  time  to  prevent  formation 
of  a  film  of  oxide.  Low-carbon  steels  require  about  twenty  minutes,  whereas 
steels  of  over  1%  carbon  require  about  forty-five  minutes.  (Blair.)  As  soon 
as  the  bubbles  cease  and  the  brownish  flocculent  matter  disappears,  the  rack 
is  removed  from  the  bath  and  placed  in  a  casserole  of  cold  water.  (Prolonged 
heating  and  strong  light  each  causes  fading  of  the  color  due  to  combined  carbon.) 


<^ 


yJKJ 
Fig.  25. — Carbon  Tubes. 


Fig.  26. — Color  Comparator  or  Camera. 


Color  Comparison.  This  is  made  in  graduated,  clear,  colorless,  glass  cyl- 
inders called  carbon  tubes.  The  form  shown  in  Fig.  25  was  found  by  the 
writer  *  to  be  the  most  satisfactory  type  for  a  steel-works  laboratory  where  rapidity 
of  manipulation  was  essential.  The  bend  at  the  upper  ()ortion  of  the  tube 
facilitates  mixing  of  the  solution  upon  dilution  with  water,  the  tube  being  tilted 
back  and  forth  until  the  solution  is  homogeneous,  the  bend  preventing  the 
liquid  from  spilling.  The  dilution  should  be  at  least  twice  that  of  the  amount 
of  nitric  acid  used,  as  this  amount  of  water  is  necessary  to  destroy  the  color 
due  to  ferric  nitrate. 

The  standard  is  poured  into  the  carbon  tube  and  the  rinsings  from  the  test- 
tube  added.  The  solution  is  diluted  to  a  convenient  multiple  in  cc.  of  the 
carbon  content.  For  example,  0.45%  carbon  sample  may  be  diluted  to  9  cc, 
then  each  cc.  will  represent  0.05%  carbon.  The  sample  is  placed  in  a  second 
tube  of  exactly  the  same  diameter,  wall  thickness,  and  form.  If  the  solution 
of  the  sample  is  darker  than  the  standard,  water  is  added  little  by  little, 


1  W.  W.  Scott. 
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followed  by  mixing,  until  the  shade  matches  the  standard.    If  the  si 
on  the  other  hand;  is  darker  than  the  sample,  a  greater  dilution  of  the 
is  necessary,  the  cc.  again  representing  a  multiple  of  the  carbon  content, 
example  dilution  of  the  .45%  carbon  sample  to  15  cc.  makes  each  cc.  to  iqi^j 
sent  0.03  carbon.      (It  is  frequently  advisable  to  take  a  standard  of  lower  ctriNaj 
content  in  place  of  greater  dilution  of  the  standard.) 

Example.    Suppose  in  the  first  case  the  dilution  of  the  sample  was  15 
in  order  to  match  the  standard,  then  15X0.05  »0.75%  carbon.     Six  cc.  dihrtioil] 
case  2  =6X0.03  =0.18%  carbon. 

The  color  comparison  can  be  best  made  in  a  "camera,"  a  long  box  with 
end  closed  by  a  ground-glass  screen.  Fig.  26.  Parallel  to  the  screen  and 
it,  two  holes  through  the  top  of  the  box  admit  the  test-tubes.  The  inner  mb; 
of  the  camera  are  blackened  to  prevent  reflection  of  light.  If  a  camera  is  iiOl< 
available,  the  tubes  may  be  held  side  by  side  and  compared  against  a 
of  white  paper  held  as  a  background. 

ANALYSIS  OF  GRAPHITE 
Determination  of  Carbon 

The  procedure  for  determining  carbon  in  graphite  is  the  same  as  that  dd* 
scribed  /or  determination  of  carbon  in  difficultly  combustible  organic  substanoes. 

The  material  is  broken  down  in  a  steel  mortar  and  powdered  in  an  agiti 
mortar.  About  0.2  gram  is  taken  for  the  determination  and  mixed  with  coppcf 
oxide  to  assist  the  combustion,  then  placed  in  the  boat  and  the  combustioi 
of  the  carbon  carried  on  according  to  the  standard  method  in  the  combustioi 
tube. 

CO,  X  0.2727  =C. 

VOLUMETRIC  DETERMINATION  OF  HYDROCYANIC  ACID* 

The  method  depends  upon  the  decolorization  of  the  blue  ammoniacal  solu- 
tions of  cupric  salts  by  a  soluble  cyanide,  the  reduction  to  cuprous  conditioo 
being  available  for  an  accurate  quantitative  estimation  of  the  cyanide. 

Standard  Copper  Sulphate.  Twenty-five  grams  of  copper  sulphate, 
CuSO^-SHjO  are  dissolved  in  a  1000-cc.  flask  with  500  cc.  of  distilled  water  and 
anunonium  hydroxide  added  until  the  precipitate  that  first  forms  dissolves  and 
a  deep  blue  solution  is  obtained.  Water  is  now  added  to  make  the  volume  exactly 
1000  cc.  The  cupric  solution  is  standardized  by  running  a  portion  into  a  sdu- 
tion  containing  0.5  gram  pure  potassium  cyanide,  KCN,  per  100  cc.  of  water 
and  5  cc.  of  ammonium  hydroxide  until  a  faint  blue  color  is  evident.  Chlorides 
do  not  interfere. 

Procedure.  0.5  gram  of  the  soluble  cyanide  is  dissolved  in  100  cc.  of  water 
and  5  cc.  strong  ammonium  hydroxide  added.  The  standard  cupric  sulphate 
solution  is  now  added  until  the  blue  color  is  obtained.  The  cc.  required  mul- 
tiplied by  the  factor  of  the  copper  salt  in  terms  of  the  salt  sought  gives  the 
weight  of  that  salt  in  the  sample. 

Note.  Test  for  Cyanide.  This  depends  upon  the  solvent  action  of  HON  upoi 
freshly  precipitated  HgO  in  presence  of  KOH.  The  filtrate  is  tested  for  mereuiy 
in  an  acid  solution  by  addition  of  IhS.     (Hood.) 

» J.  McDowell,  C.  N.,  1904,  p.  221. 
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Uebig's  Method  for  Determination  of  Hydrocyanic  Acid.    Soluble 

Cyanides  ^ 

Silver  nitrate  reacts  with  an  alkali  cyanide  in  neutral  or  alkaline  solution  as 
foUows:  AgN0,+2KCN  =-Ag(CN) JC+KNO,.  The  potassium  silver  cyanide  is 
soluble,  hence  the  precipitate  that  first  forms  immediately  dissolves  on  stirring 
as  long  as  the  cyanide  is  present  in  excess  or  in  sufficient  quantity  to  react 
according  to  the  equation.  A  drop  of  the  silver  salt  in  excess  will  produce 
a  pennanent  turbidity,  owing  to  the  following  reaction: 

Ag(CN)JC+AgN0,=2AgCN+KN0„  the  insoluble  AgCN  being  formed. 

Procedure.  The  alkali  cyanide  contained  in  a  beaker  placed  over  a  sheet 
of  black  glazed  paper,  is  treated  with  4  to  5  cc.  of  10%  KOH  solution  and 
diluted  to  100  cc.  The  liquid  is  now  titrated  with  standard  silver  nitrate,  with 
constant  stirring,  until  a  faint  permanent  turbidity  is  obtained. 

One  cc.  N/10  AgNO, =0.0013022  gram  KCN. 

For  his  review  and  criticism  of  this  chapter  the  author  wishes  to  mention  Mr.  J.  M. 
Cratty,  Chief  Chemist,  U.  S.  Navy  Yards,  Philadelphia,  Pa. 

^  Ann.  d.  Chem.  und  Pharm.,  77,  p.  102. 
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Group- 


Symbol. 


YUrium Yt 

Erbium Er 

Holmium Ho 

Thidium Tm 

Dysprosium  . Dy 

Ytterbium Yb 

(Neo-ytterbium) 

Lutecium Lu 

Europium Eu 

Victxyrium 

Group  2: 

Terbium Tb 

Gadolinium Gd 

Group  3: 

Cerium Ce 

Lanthanum La 

Neodymium Nd 

Praseodymium Pr 

Samarium Sa 

Scandium Sc 

Decipium 


At.  Wt.t 


88.7 
167.7 
163.5 
168.5 
162.5 
173.5 

175.0 

152.0 

Discovery 

159.2 
157.3 

140.25 
139.0 
144.3 
140.9 
150.4 
44.1 
Discovery 


Sp.  Gr. 


3.800 
4.770 


not    confinr. 


1.310 

6.625 
6.163 
6.544 
6.544 
7.700 

not   confirm 


M.  P. 


1250 


Oxides. 


1800 


ed. 


YtA 
Er^EiA 

TmA 

YbA 


950 


ed. 


840 

940 

1350 

1300 


TbA 
GdA 

Ce,0«,CeA 
LaiOt 
NdA 
Pr,0, 
Sm,Os 
SciOt 


*  According  to  Bohm  (Browning,  "  Introduction  to  the  Rarer  Elements.*') 
t  International  atomic  weights,  1016. 

DETECTION 

The  samples  having  been  brought  into  solution  by  one  of  the  methods 
detailed  under  preparation  and  solution  of  the  sample,  the  elements  may  be  ' 
detected  by  one  of  the  following  tests: 

Spectroscopic.    Many  of  the  rare  earth's  elements  have  either  charactoi-  ' 
istic  spark  spectrums  or  absorption  spectrums  and  their  presence  may  be  detected 
by  this  means. 

no   absorption  spectrum;   gives  brilliant  spark  spectrum, 
gives 


Yttrium, 
Erbium, 
Ytterbium.  no 

Terbium,  no 

Cerium,  no 

Lanthanum,  no 

Samarium,         gives 
Scandium,  no 

Praseodymiun»,     no 

no 
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no   spark  spectrum. 
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Neod>aniuni, 

Cerium  shows  lines  of  greatest  intensity  in  the  arc  spectrum  at  4337.9, 
4527.5,  4386.9,  4594.1.  In  the  spark  si)ectrum  at  4460.3,  4562.5,  4572.4,  4594.1, 
4628.3.    All  of  these  lines  are  in  the  visible  spectrum. 

*  Research  Chemist,  New  York  City. 
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In  the  wet  way  cerium  may  be  detected  when  in  the  form  of  cerium  nitrate 
by  boiling  with  lead  peroxide  and  nitric  acid.  A  deep  yellow  color  is  imparted 
to  the  solutioii,  due  to  the  formation  of  eerie  nitrate. 

Cerium  may  be  detected  by  the  addition  of  sodium  hypochlorite  to  the  solu- 
tion of  a  colorless  cerous  salt.  Red  eerie  hydroxide  is  precipitated.  The  test 
may  be  confirmed  by  the  chlorine  gas  evolved  when  the  precipitate  is  dissolved  in 
hydrochloric  acid. 

Ceft)us  salts  are  precipitated  by  fixed  alkalies  and  are  insoluble  in  excess. 
Tartaric  acid  hinders  the  precipitation.  Ammonium  sulphide  also  precipitates 
the  hydroxide.  Oxalic  acid  precipitates  cerous  oxalate,  white,  from  moderately 
acid  solutions.  It  is  soluble  in  hot  ammonium  oxalate  but  precipitated  by 
dilution  with  cold  water. 

T^fifhatifim  may  be  detected  by  adding  iodine  to  the  washed  precipitate, 
formed  by  the  addition  of  ammonium  hydroxide  to  a  solution  of  its  salts.  A 
characteristic  blue  coloration  results. 

Praseodymium,  neodymium,  may  be  detected  by  the  reddish  color  of  their 
solutions  also  by  the  rose  red  or  violet  color  imparted  to  a  bead  of  microcosmic 
salt  when  heated  in  the  flame  of  a  blow  pipe. 

ScandiimL.  The  hydrochloric  acid  solution  of  a  scandium  salt,  when  boiled 
for  thirty  minutes  with  solid  NajSiFU  gives  a  precipitate  which  is  free  from  all 
the  other  rare  earths,  the  scandium  taking  the  place  of  the  sodium  in  the  com- 
pound. 

Ytterbium  may  be  detected  by  adding  to  a  neutral  solution  H2Se03»4HiO. 
A  white  precipitate  of  YbaCSeOOa,  which  is  insoluble,  results. 

In  the  flame  test  this  earth  gives  an  intense  green  light. 


ESTIMATION 

The  estimation  of  the  rare  earths  is  not  required,  other  than  Cerium,  at 
the  present  time  except  in  a  few  special  instances  as  the  various  elem.ents  have 
found  but  limited  conunercial  applications.  They  have  all  been  separated 
from  their  native  combinations,  but  only  a  few  have  been  isolated  and  many  are 
still  believed  to  be  combinations  of  elements. 

Cerium  enters  into  the  manufacture  of  Welsbach  mantles;  in  the  form  of 
CesfSO^)!  it  is  used  in  the  manufacture  of  aniline  black;  as  oxalate,  it  is  used  in 
medicine,  and  as  metal  in  alloys. 

Yttrium  is  employed  in  the  fabrication  of  Ncmst  lamp  filaments  and  gas 
mantles. 

The  most  important  ores  which  contain  the  rare  earth  elements  are: 

Monazite,  (Ce,  La,  Di,  Th)xP04,  raw  material  for  Ce,  La. 

Gadolinite,  Be,FeY,8i,0,o, 

Xenotime,  YtP04, 

Euxenite,  R'"(\bC)3),R/"(TiO,),.3/2H20, 

Cerite,  (Ca,  Fe)(CeO)(Ce,.30H)(SiOa)3, 

Samarskite,  R/'R,'"(Nb,  Ta),0«, 

Yttrotantalite,  R"R,'"(Nb,  Ta)40,5-4H20, 

Sipylite,  complex, 

Keilhauite,  complex  silicate, 

In  the  formulas  given  above  R"  stands  for  any  dibasic  radical  or  element 
while  R'"  stands  for  any  tribasic  radical  or  element. 


Yt  earths. 

Yt 

Yt 

Ce 

Yt 

Yt 

Yt 

Yt 

[ 
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Preparation  and  Solution  of  the  Sample 

1.  Fusion  Method.  The  finely  pulverized  sample  is  fused  with  sodiiai 
carbonate  and  the  melt  after  cooling  is  extracted  with  cold  water.  A  suffieiaft 
quantity  of  hydrochloric  acid  to  impart  an  acid  reaction  is  added.  The  wb- 
tion  obtained  is  evaporated  to  dryness  and  baked  to  dehydrate  the  silica,  tlm  j 
treated  with  a  little  hydrochloric  acid  and  after  dilution  with  water,  fihend. 
Anmionia  water  is  added  to  the  solution  in  slight  excess  and  the  solution  aUofwed 
to  stand  until  the  precipitate  has  settled.  It  is  then  filtered  off,  washed  with  eoM 
water  and  dissolved  in  hydrochloric  acid.  All  of  the  rare  earths  are  then  pnatai 
in  the  solution  as  chlorides. 

2.  Acid  Extraction.  Decomposition  of  the  finely  pulverized  sample  majf 
be  effected  by  mixing  it  with  a  sufficient  quantity  of  sulphuric  acid  to  make  t 
paste  and  then  heating  the  mass,  slowly  at  first  and  then  gradually  iacreaaiiiK 
the  heat  to  dull  redness  when  fumes  of  SOs  appear.  After  cooling,  the  mafl 
is  extracted  with  cold  water  and  the  metals  of  the  HtS  group  removed  in  the  usoal 
way.  The  rare  earths  are  then  present  in  the  solution  as  sulphates  and  may  be 
separated  by  one  of  the  methods  detailed  below. 

3.  Acid  Extraction.  A  strong  mixture  of  nitric  acid  and  hydrochloric  add 
may  be  used  to  effect  the  decomposition  of  some  of  the  minerals.  The  soIutioB 
after  being  evaporated  to  dryness  and  baked  leaves  a  residue  which  containi 
the  mixed  rare  earths.  The  rare  earths  are  dissolved  in  dilute  hydrochloric  acid. 
Any  silica  present  is  filtered  off  and  the  rare  earths  present  in  the  clear  solution 
may  be  separated  by  one  of  the  methods  detailed  below. 

4.  Decomposition  by  Means  of  Hydrofluoric  Acid.^  Samarskite  tnil 
euxenite  in  the  finely  powdered  state  are  moistened  with  their  own  weight  of  v»ter 
and  twice  as  much  fuming  hydrofluoric  acid.  The  attack  takes  place  in  a  few 
seconds.  When  the  violent  action  is  over  the  solution  is  evaporated  to  diyne» 
on  the  steam  bath,  taken  up  with  water  (30  to  40  cc.  for  a  5-gram  sample)  and 
the  contents  of  the  dish  filtered  and  washed.  The  mineral  is  then  divided  into 
two  portions,  the  filtrate  containing  all  the  metallic  acids,  iron  and  manganeee, 
the  insoluble  portion  containing  all  the  rare  earths  and  uranic  acid. 

The  difficulty  of  attack  increases  in  proportion  to  the  amount  of  tantalie 
acid  present  in  the  sample.  The  rare  earths  are  then  extracted  from  the  incoluWe 
portion  by  one  of  the  methods  previously  mentioned.  Fusion  with  sodium  car 
bonate  is  preferred. 

SEPARATIONS 

Separation  of  the  rare  earths  from  iron,  aluminum  and  thorium  *  may 

be  effected  by  adding  sodium  fluoride  to  the  hydrochloric  acid  solution  of  th* 
Iron  Group  which  has  been  precipitated  as  hydroxide.  The  precipitate,  which 
consists  of  the  double  fluorides  of  the  rare  earths  and  thorium,  is  washed  thorouglUy 
and  evaporated  with  sulphuric  acid  on  the  sand  bath  to  decompose  the  fluoridtt. 
This  process  removes  the  alkaline  earths  as  insoluble  sulphates.  The  excess  acid 
is  removed  by  fuming  and  the  solution  of  the  sulphates  after  diluting  and  wann- 
ing is  treated  with  sodium  thiosulphatc  in  solution.  Thorium  thiosulpfaate  ii 
precipitated.    In  solution  arc  the  sulphates  of  all  the  rare  earths.    Scandiani 

*  Prescott  and  Johnson. 

*  Browning's  "Introduction  to  the  Rarer  Elements." 
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is  aL$o  precipitated  as  thiosulphate  if  the  solution  in  sulphuric  is  fumed  too  long 
and  a  neutral  solution  results. 

Calfdmn  and  manganese,  which  may  also  come  down  with  an  oxalate  pre- 
cipitate of  the  rare  earths,  may  be  separated  from  the  earths  of  the  yttriimi  group 
by  precipitation  of  the  solution  with  oxalic  acid,  filtering  off  the  precipitate,  dis- 
solving it  in  nitric  acid  and  evaporating  to  dryness  to  decompose  the  manganese 
salts.  Extracting  with  water  leaves  the  manganese  in  the  residue.  Treat  the 
filtrate  with  anunonia  water.  The  3rttrium  group  precipitates  as  hydroxides 
and  may  be  filtered  from  the  calcium,  which  remains  in  solution. 

Cerium,  lanthanum,  praseodymium,  neodymium,  europium  and  gado- 
linium may  be  separated  from  the  other  rare  earths  by  adding  a  saturated  solu- 
tion of  potassium  sulphate  to  the  sulphate  or  chloride  solution  of  all  of  the 
rare  earths.    The  above-mentioned  elements  fonn  insoluble  double  salts. 

Scandium  may  be  separated  from  yttrium  by  boiling  a  solution  of  the  nitrates. 
A  basic  scandium  nitrate  is  first  precipitated. 

Tttrimn  Group.  Barium  carbonate  forms  no  precipitate  in  the  cold,  hence 
the  elements  comprising  same  may  be  separated  from  alumimmi,  iron,  chromium, 
thorium,  cerium,  lanthanum,  praseodymium,  and  neodymium  by  this  means. 

Tttrium  Group.  The  precipitation  of  the  group  as  hydroxides  is  not  affected 
by  the  presence  of  tartaric  acid.  Hence  the  members  may  be  thus  separated 
from  alununum,  glucinum,  thorium,  zirconium,  and  iroii. 

Praseodymium,  neodymium,  lanthanum,  and  samarium  may  be  separated 
from  each  other  by  the  fractional  precipitation  of  a  dilute  solution  of  the  nitrates 
with  a  very  dilute  solution  of  anunonia  water  (1  gram  of  NHj  in  500  cc).  The 
first  precipitates  are  rich  in  samarium;  the  did3maiums  come  down  next  and 
the  lanthanum  in  the  last  portions.  By  a  continual  repetition  nearly  pure  salts 
may  be  obtained. 

Besides  the  separations  mentioned  above  the  group  members  may  be  freed 
from  each  other  by  various  other  methods,  as  for  example: 

(1)  Fractional  crystallization  of  the  picrates. 

(2)  Fractional  crystallization  of  the  double  magnesium  nitrates. 

(3)  Fractional  precipitation  of  the  oxalates  in  a  nitric  acid  solution,  etc. 


QRAVIMETRIC  ESTIMATIONS 

Owing  to  the  fact  that  the  quantitative  separation  of  the  rare  earths  is  only 
accomplished  by  the  expenditure  of  a  vast  amount  of  time  and  labor  and  that 
the  various  elements  with  the  exception  of  but  few  have  found  no  conunercial 
application,  exact  methods  have  not  been  worked  out  for  the  various  quanti- 
tative assays. 

Cerium,  however,  which  is  the  most  important,  may  be  determined  as 
follows: 

The  element  having  been  brought  into  solution  by  one  of  the  methods  detailed 
above  and  separated  from  the  base  metals,  silica  and  thorium  may  be  isolated 
from  the  other  rare  earths  by  precipitation  in  a  slightly  acid  solution  with  oxalic 
acid.  The  precipitate  is  allowed  to  settle  twenty-four  hours,  filtered,  washed 
with  water  and  ignited.  The  oxides  are  then  dissolved  in  hydrochloric  acid  and 
precipitated  as  hydroxide  by  the  addition  of  an  excess  of  caustic  potash.    The 
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precipitate,  suspended  in  solution,  is  subjected  to  the  action  of  chlorine  gas 
which  is  bubbled  through  in  a  steady  stream.  All  of  the  rare  earths  except 
cerium  are  converted  into  the  chlorides,  while  the  latter  remains  as  a  reddish, 
gelatinous  precipitate,  eerie  hydroxide — (CeCOH)*).  This  may  be  filtered  off, 
washed,  ignited  and  weighed  as  oxide  (CeOt). 

Cerium  may  be  determined  in  its  salts  by  precipitation  with  oxalic  acid, 
allowing  to  settle  out,  filtering,  washing,  and  igniting  to  the  oxide. 

VOLUMETRIC  METHOD  FOR  THE  DETERMINATION 

OF  CERIUM 

Method  of  Franz  Stolba.*  The  cerium  having  been  separated  from  all 
of  the  other  rare  earths  by  some  procedure,  as,  for  example,  that  outlined  above 
under  Gravimetric  Determination,  may  be  precipitated  as  eerie  oxalate.  (Dis- 
solving the  hydroxide  in  hydrochloric  acid  and  then  precipitating  with  oxalic 
acid.)  The  oxalate  precipitate  is  filtered  off,  washed  with  water  until  free  from 
hydrochloric  acid,  and  transferred  to  a  beaker  containing  a  small  quantity  of 
sulphuric  acid  and  a  sufficient  quantity  of  water.  The  nxixture  is  warmed  to 
about  70**  C.  and  titrated  with  a  standard  solution  of  KMnO^.  During  the 
process  of  titration  the  quantity  of  undissolved  matter  diminishes  and  the 
change  of  color  at  the  end  is  very  distinct.  The  solution  of  KMnO*  used  is  pre- 
viously standardized,  using  a  known  amount  of  pure  eerie  sulpl^te  and  the  same 
quantities  of  water  and  sulphuric  acid. 

Determination  of  Cerium  in  Welsbach  Mantles. 

Colorimetric  Method  ^ 

Bum  off  the  organic  matter  and  heat  with  about  three  times  their  own  weight 
of  HjS04  (cone.)  on  a  sand  bath.  Allow  to  cool  and  pour  into  20  cc.  of  water. 
In  twenty-four  hours  the  sulphates  are  completely  dissolved  and  the  solution 
after  neutralizing  the  excess  of  acid  with  ammonia  water  is  precipitated  with 
oxalic  acid.  The  oxalates  after  settling  out  are  filtered,  washed,  transferred  to 
a  porcelain  casserole  and  digested  with  nitric  acid,  a  little  being  added  at  a  time 
until  complete  decomposition  has  taken  place.  Evaporat/e  w  dryness  to  remove 
the  excess  acid.  The  nitrates  of  cerium  and  thorium  are  dissolved  in  water 
and  made  to  volume.  Aliquots  are  then  taken  and  diluted  in  comparison  tubes, 
1  cc.  H1O2  (Merck's  perhydrol)  is  added.  On  adding  ammonia  water  Th(OH) 
is  colored  orange  in  proportion  to  the  amount  of  cerium  present.  In  dilute 
solutions  citric  acid  prevents  the  precipitation  of  the  hydroxides  and  the  color 
can  be  easily  compared  with  standards  containing  known  amounts. 

*  Crooke's  "Select  Methods  of  Analysis." 

«  Method  of  E.  Benz,  Z.  angew  Chem.,  16,  300,  1902. 
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RARE  EARTH  OXALATES 

Convert  into  the  sulphates  by  evaporating  with  sulphuric  acid, 
•olid  sodium  sulphate  in  excess  to  the  nearly  neutral  solution. 


Dissolve  in   water  and  add 


(1)  Precipitatb: 

Th,  Ce,  La,  Pr,  Nd.  Sa,  Eu,  Gd,  etc.,  as  double  sodium  sul- 
phates. 

Boil  with  an  excess  of  sodium  hydroxide,  filter,  wash  with  hot 
water  and  dissolve  in  nitric  acid.  ^  Treat  the  nitrates  with 
an  excess  of  sine  oxide  and  potassium  permanganate. 


(3)  Precipitatb: 

CeOi  and  ThOs^MnOt  is  pres- 
ent is  removed  by  solution  in 
hjrdrochloric  acid  and  then 
precijHtation  of  the  Ce  and  Th 
ss  double  sulphates  with  so- 
dium. 

Ftecipitate  is  boiled  with  an 
excess  of  sodium  hydroxide, 
crashed  with  hot  water  and 
dissolved  in  nitric  acid.  Add 
ammonia  and  ammonium  ox- 
alate and  ammonium  acetate. 


Pexcipitate: 

Cerium  oxalate. 
Treat  with  ex- 
cess of  sine  oxide 
and  solution  of 
potassium  per- 
manganate. Ce- 
rium oxide  pre- 
cipitates. Dis- 
solve in  hydro- 
chloric acid  and 
precipitate  ce- 
rium aa  oxalate 
with  oxalic  acid. 


Filtrate: 

Thorium 
oxalate   is 
treated 
with    am- 
monia    in 
excess,  ig- 
nite. 
ThOj. 


(3)  Filtrate: 

Saturate  the  solution  with 
sodium  sulphate  and  wash 
the  precipitate  formed 
with  a  solution  of  sodium 
sulphate. 


Precipitate: 

Boil  with  excess 
of  sodium  hy- 
droxide, filter 
and  wash  with 
hot  water. 
Dissolve  in  a 
known  amount 
of  nitric  acid 
and  add  an 
equivalent 
amount  of 
magnesium  ni- 
trate in  solu- 
tion. Evapo- 
rate the  solu- 
tion until  upon 
blowing  on 
surface  small 
crystals  form. 
Spray  water  on 
surface  and  al- 
low to  crystal- 
lise. 

Lanthanum 
crystallises  1st, 
Praaeodiftnium 
crystallises  2d, 
Neodymium 
crystallises  3d 
Samarium 
crystallises  4th 
Europium 
crystallises  5th 
Gadolinium 
crystallises  6th 

The  crystallisa- 
tion is  con- 
trolled by  the 
spectroscope. 
The  greater 
number  of 
ti  mes  the 
earths  are  frac- 
tionated the 
purer  the  prod- 
uct will  be. 


Fil- 
trate: 

Combine 
with  fil- 
trate 
No.  1. 


(1)  Filtrate: 

As  double  sodium  sulphates.  Yt,  Tb, 
Dy,  Ho,  Er,  Tm,  Yb,  Sc,  etc. 

Add  oxalic  acid  in  excess  to  precipitate 
the  earths  as  oxalates. 


(2)  Precipitate: 

As  an  excess  of  sulphuric 
acid  and  evaporate  to  form 
anhydrous  sulphates  of  Yt, 
Tb,  drouB  sulphates  of  Yt. 
Yb,  Dy,  Ho,  Er.  Tm,  Sc, 
Yb,  etc. 

Dissolve  in  cold  water  and 
pour  over  an  excess  of 
barium  bromate.  Stir 
weQ  and  place  on  the  hot 
water  batn.  When  double 
decomposition  is  complete 
(when  the  liquid  gives  no 
further  precipitate  with 
barium  bromate  solution 
after  diluting  and  boiling), 
the  mass  is  filtered  and 
evaporated  to  crystallisa- 
tion. 

Terbium  crystallises  1st, 
Dytprosium  crystallises 
2d,  Holmium  crystallises 
3d,  Yttrium  crystallises 
4th,  Erbium  crystallises 
Thulium  5th,  crystallises 
6th 

The  mother  liquor  is  made 
neutral  with  ammonia  and 
saturated  with  potassium 
sulphate. 


I 


PRECIPI- 

I  TATE 

Scandium. 
Potassium 
Sulphate. 


(2)     Fil- 
trate: 

Add     to 
filtrate 

No.  3. 


Filtb\te: 

Add     oxalic 
acid.  \ 

Ytterbium   is 
precipitat- 
ed as  oxal- 
ate. 


CHLORINE 

Wilfred  W.  Scott  and  Wm.  F.  Doerflinoer 

Cl^at.wt.  35.46;  D.  (air),  2.491;  m.p.  -lOLfi"";^  b.p.  —33.6'' C;  oxi 

C1,0,  C10„  CUOt. 

DETECTION 

Free  Chlorine.  The  yellow  gas  is  recognized  by  its  characteristic  odorJ 
It  liberates  iodine  from  io<lides;  it  bleaches  litmus,  indigo,  and  many  oiiguMj 
coloring  substances. 

Chlorides.  Silver  Nitrate  Test.  In  absence  of  bromides  and  iodidei, 
which  also  form  insoluble  silver  salts,  silver  nitrate  precipitates  from  solutiwl 
containing  chlorides  white,  curdy,  silver  chloride,  AgCl  (opalescent  with  traoeB), 
soluble  in  NH4OH  (AgBr  slowly  soluble,  Agl  difficultly  soluble),  also  solabb 
in  concentrated  ammonium  carbonate  (AgBr  is  very  slightly  soluble;  Agl  is  insol- 
uble).    Silver  chloride  turns  dark  upon  exposure  to  light. 

Free  Hydrochloric  Acid.  Manganese  Dioxide,  Potassium  Pennangiuiatei 
and  certain  oxidizing  agents  liberate  free  chlorine  gas  when  added  to  solutkmi 
containing  free  hydrochloric  acid.  The  gas  passed  into  potassium  iodide  lib- 
erates free  iodine,  which  produces  a  blue  solution  with  starch. 

Concentrated  Sulphuric  Acid  added  to  chlorides  and  heated  liberates  HCl 
gas,  which  produces  a  white  fume  in  presence  of  ammonium  hydroxide. 

Detection  in  Presence  of  Cyanate,  Cyanide,  Thiocyanate.  An  exces 
of  silver  nitrate  Ls  added  to  the  solution,  the  precipitate  filtered  off  and  boiled 
with  concentrated  nitric  acid  to  oxidize  the  cyanogen  compounds  and  the  white 
precipitate,  silver  chloride,  subjected  to  the  tests  under  chlorides  to  coofiim 
the  compound. 

Detection  in  Presence  of  Bromide  and  Iodide.  About  10  cc.  of  the 
solution  is  neutralized  in  a  casserole  with  acetic  acid,  adding  about  1  to  2  cc 
in  excess,  and  then  diluting  to  about  6  volumes  with  water.  About  half  t 
gram  of  potassium  persulphate,  KjSjOg,  is  added  and  the  »^^ytion  heated. 
Iodine  is  liberat-ed  and  may  be  detected  by  shaking  the  solution  with  carboi 
disulphide,  which  is  colored  blue  by  this  element.  Iodine  is  expelled  by  boilingi 
the  potassium  persulphate  being  repeatedly  added  until  the  solution  is  coloite. 
Bromine  is  liberated  by  adding  2  or  3  cc.  of  dilute  sulphuric  acid  and  additkmd 
persulphate.  A  yellowish-red  color  is  produced  by  this  element.  Carbon 
disulphide  absorbs  bromine,  becoming  colored  yellowish  red.  Bromine  is  expelled 
vnth  additional  jx^rsulphate  and  by  boihng.  The  volume  of  the  solution  ^ukL 
be  kept  to  about  60  cc,  distilled  water  being  added  to  replace  that  which  iB 
expelled  by  boiling.  When  bromine  is  driven  out  of  the  solution,  the  silver 
nitrate  test  for  chlorides  is  made.  A  white,  curdy  precipitate,  soluble  in 
anuuonium  hydroxide  and  repreripitated  upon  acidifying  with  nitric  acid,  is 
produced,  if  chlorides  jire  jiresont. 

1  Ref.  Cis.  35  (2d  Ed.),  U.  S.  Bureau  of  Standards. 
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If  Chlorates  are  Present  The  halogens  are  precipitated  with  silver  nitrate, 
the  precipitate  dissolved  with  zinc  and  sulphuric  acid  and  the  solution  treated 
IS  directed  in  the  preceding  paragraph. 

Test  for  Hypochlorite.  Potassium  hypochlorite,  KCIO,  shaken  with  mer- 
cun*  foniis  the  yellowish-red  compound  Hg20CU/  which  does  not  form  with  the 
other  potassium  salts  of  chlorine,  i.e.,  KCl,  KClOi,  KClOa,  KCIO4. 

Hypochlorites  decolorize  indigo,  but  do  not  decolorize  potassium  perman- 
iganate  solutions.  If  arsenious  acid  is  present,  indigo  is  not  decolorized  until 
^ all  of  the  arsenious  acid  has  been  oxidized  to  the  arsenic  form. 

Tests  for  Chlorite.  Potassium  permanganate  solution  is  decolorized  by 
ehlorites.     (The  solution  should  be  dilute.) 

A  s^»lution  of  indigo  is  decolorized,  even  in  presence  of  arsenious  acid  (dis- 
tbction  from  hypochlorites). 

Detection  of  Chlorate.  The  dry  salt  heated  with  concentrated  sulphuric 
tcid  detonates  and  evolves  yellow  fumes. 

Chlorates  liberate  chlorine  from  hydrochloric  acid. 

Perchlorate.  The  solution  is  boiled  with  hydrochloric  acid  to  decompose 
lljrpochlorites,  chiorites  and  chlorates.  Chlorides  are  removed  by  precipitation 
»ith  silver  nitrate,  the  filtrate  evaporated  to  dryness,  the  residue  fused  with 
lodium  carbonate  to  decompose  the  perchlorate  to  form  the  chloride,  which  may 
now  be  tested  as  usual. 

ESTIMATION 

The  detemunation  of  chlorine  is  required  in  a  large  number  of  substances. 
It  occurs  combined  as  a  chloride  mainly  with  sodium,  potassium  and  mag- 
nesium. Rock  salt,  XaCl,  sy Ivine,  KCl,  camallite,  KCl  •  MgCU  •  6HjO,  matlockite , 
E^'UPbO;  horn  silver,  AgCl,  atacamite,  CuCU«3Cu(0H)a,  are  forms  in  w^hich  it 
is  found  in  nature.  Chlorine  is  determined  in  the  evaluation  of  bleaching  powder. 
It  is  estimated  in  the  analysis  of  water. 

Preparation  and  Solution  of  the  Sample 

In  dissolving  the  sample  the  following  facts  should  be  borne  in  mind: 
Ailthough  chlorides  are  nearly  all  soluble  in  water,  silver  chloride  is  practically 
insoluble  (100  cc.  dissolves  0.000152  gram  at  20^  C);  mercurous  chloride  is 
nearly  as  insoluble  as  silver  chloride  (0.00031  gram);  lead  chloride  requires  heat 
to  bring  it  I  o  solution  (in  cold  water  only  0.673  gram  soluble  per  100  cc.  of 
water).  Chlorides  of  antimony,  tin,  and  bismuth  require  free  acid  to  keep 
them  in  soluiion.  Hydrochloric  acid  increases  the  solubility  of  silver,  mercur}', 
lead,  antimooyy  bismuth,  copper  (Cu')i  gold  and  platinum,  but  decreases  the 
solubility  of  cadmium,  copper  (Cu")*  nickel,  cobalt,  manganese,  barium,  cal- 
cium, strontium,  magnesium,  thorium,  sodium,  potassium  and  ammonium  chlorides. 

Chlorine  gas  is  most  readily  dissolved  in  water  at  lO''  C.  (1  vol.  H2O  dissolves 
3.0d5  vols.  CI).    Boiling  completely  removes  chlorine  from  water. 

H>7X>chlorites,  chiorites,  chlorates,  and  perchlorates  are  soluble  in  water. 

The  chlorine  may  be  present  either  combined  or  free.  In  the  combined 
!*tate  it  may  be  present  as  free  hydrochloric  acid  or  as  a  water-soluble  or  insol- 
uble salt. 

^  Prescott  and  Johnson,  Qual.  Chem.  Anal.    D.  Van  Nostrand  Co. 
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Water-soluble  Chlorides.    Chlorides  of  the  alkali  or  alkaline  earth 
may  be  treated  directly  with  silver  nitrate  upon  making  slightly  acid  inA\ 
nitric  acid,  the  chlorine  being  detennined  either  gravimetrically  or  volumetriea%' 
according  to  one  of  the  procedures  given  later.    It  is  convenient  to  work  witk>j 
samples  containing  0.01  gram  to  1  gram  of  CI.    The  sample  Ls  dissolved  in  abod 
150  cc.  of  water,  made  acid  with  nitric  acid  with  about  5  to  10  cc.  in  exoeas  of 
the  point  of  neutralization,  should  the  sample  be  alkaline.    Then  the  chloiiae 
combined  as  chloride  is  determined  as  directed  later. 

If  the  water  solution  contains  a  chloride  of  a  heavy  metal  which  fonni 
basic  salts  (e.g.,  stannic,  ferric,  etc.,  solutions),  or  which  may  tend  to  reduee 
the  silver  solution,  it  is  necessary  to  remove  these  by  precipitation  with  ammo* 
nium  hydroxide,  or  by  sodium  hydroxide,  or  potassium  carbonate  solutioB. 
The  salt  is  dissolved  in  water  and  acidified  with  HNOi,  adding  about  10  cc.  in 
excess,  for  about  150  cc.  of  solution.  (This  excess  HNOi  should  be  sufficient 
to  oxidize  substances  which  would  tend  to  reduce  the  silver  reagent;  e.g.,  FeSOi, 
etc.)  Ammonia  solution  (free  from  chloride)  is  added  in  sufficient  quantitr 
to  precipitate  the  heavy  metals  iron,  manganese,  aluminum,  etc.  The  mixture  is 
filtered  and  the  residue  washed  several  times  with  distilled  water.  Chlorine 
is  determined  in  the  filtrate  by  acidifying  with  HXOi  as  directed  above. 

Water-insoluble  Chlorides.  The  chloride  may  frequently  be  decompoeed 
by  boiling  with  sodium  carbonate  solution.  Many  of  the  minerals,  however, 
require  fusion  with  sodium  carbonate  to  prepare  them  for  solution;  e.g.,  apatite, 
sodalite,  etc.    Silver  chloride  may  also  be  decomposed  by  fusion. 

Silver  Chloride.  The  sample  is  mixed  with  about  three  times  its  weight  of 
NasCOa  and  fused  in  a  porcelain  crucible  until  the  mass  has  sintered  together. 
The  soluble  chloride,  NaCl,  is  leached  out  with  water,  leaving  the  water-in- 
soluble carbonate  of  silver,  which  may  be  filtered  off.  The  filtrate  is  acidified 
with  HXOs  and  chlorine  determined  as  usual.  i 

Chlorine  in  Rocks.  The  finely  ground  material  is  fused  with  about  five  times 
its  weight  of  potassium  carbonate.  The  melt  is  extracted  with  hot  water,  cooled 
and  the  solution  acidified  with  nitric  acid  (methyl  orange  indicator),  and  the 
solution  allowed  to' stand  several  hours  (preferably  over  night).  If  silicic  acid 
preci])itates,  the  solution  is  treated  with  ammonia  and  boiled,  filtered  and  the 
filter  washed  with  hot  water.  The  cooled  filtrate  is  acidified  with  nitric  acid  and 
chlorine  determined  as  usual.  If  silicic  acid  does  not  separate,  the  addition  of 
ammonia  may  he  omitted  and  chlorine  detennmed  in  the  solution. 

Free  Chlorine.  Free  chlorine  may  be  determined  volmnetricAlly  according 
to  the  procedure  given  imder  this  section.  If  it  is  desired  to  determine  this 
griiviniotrically,  a  definite  amount  of  the  chlorine  water  is  transferred  by  means 
of  a  ]npette  to  a  fiask  containing  ammonia  solution  and  the  mixture  heated 
to  boiling.  The  cooled  solution  is  acidified  with  nitric  acid  and  the  chloride 
precipitated  with  silver  nitrate  according  to  the  standard  procedure  given 
on  page  127. 

Note.  Free  chlorine  cannot  be  j)recipitated  directly,  as  the  following  reaetion 
takes  place:  6Cl+6AKN(),+3H2()=5AgCl+AgC10a-f6HNOt. 

Reaction  of  chlorine  with  ammonia:  2Cl+2NH40H  =  NH^l+NHKK::i-fHA 
When  the  solution  is  boUed,  XH4OCI  breaks  down,  e.g,  3NH/K;1+2NH,=3NHX1 
+X2+3II2O. 

Chlorine  in  Ores  and  Cinders.  One  hundred  grams  of  the  finely  ground 
ore  or  cinder  are  placed  in  a  500-cc.  flask,  containing  300  cc.  of  strong  sulphuric 
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cid  (Cl-free).  The  flask  is  shaken  to  mix  the  sample  with  the  acid  and  then 
nnected  with  an  absorption  apparatus,  containing  distilled  water  or  dilute 
MiBtic  solution.  The  sample  is  gradually  heated,  the  distillation  flask  resting 
pon  a  sand  bath.  After  two  hours,  which  is  sufficient  to  expel  all  the  chlorine 
I  hydrochloric  acid,  the  contents  of  the  absorption  tubes  are  filtered,  if  free 
ilphur  is  present  (sulphide  ores),  nitric  acid  added  and  the  filtrate  brought 

►  boiling  to  oxidize  any  SOi  that  may  be  present.  Chlorine  is  precipitated 
xording  to  the  standard  procedure  on  page  124. 

During  the  run  the  distilling  flask  should  be  shaken  occasionally  to  prevent 
tking.  Suction  applied  at  the  absorption  end  of  the  apparatus  and  a  current 
'  air  swept  through  the  system  aids  in  carr>dng  over  the  HCl  into  the  water 
•  NaOH. 

etermination  of  Halogens  in  Organic  Compounds.    Method  of 

Carius  ^ 

Organic  compounds  are  decomposed  by  heating  with  concentrated  nitric  acid 
;  high  temperatures  under  pressure.  If  this  heating  is  conducted  in  the 
pesenoe  of  silver  nitrate,  the  halogen  hydride,  formed  by  the  action  of  nitric 
M  on  the  organic  compound,  is  converted  to  the  silver  halide  as  fast  as  the 
ilogen  hydride  is  formed.  Arsenic,  phosphorus,  and  sulphur  are  oxidized  to 
rsenic,  phosphoric,  and  sulphuric  acids,  the  metals  present  l)eing  converted 

>  nitrates. 

Procedure.  About  0.5  to  1  gram  of  powdered  silver  nitrate  is  introduced, 
y  means  of  a  glazed  jwiper  funnel,  into  a  heavy-walled,  bomb-glass  tube,  which 

sealed  at  one  end  and  is  50  cm.  long,  2  cm.  in  diameter  and  about  2  mm.  thick- 
ess  of  wall.  About  40  cc.  of  strong  nitric  acid  (sp.gr.  1.5),  free  from  chlorine, 
re  introduced  by  means  of  a  long-stemmed  funnel,  to  avoid  wetting  the  upper 
ortion  of  the  tubing.  About  0.15  to  0.2  gram  of  the  substance,  contained 
I  a  small  glass  tube  closed  at  one  end  (5  cm.  long,  5  mm.  in  diameter),  is  intro- 
iiced  into  the  bomb  tube,  inclined  to  one  side.  The  small  tube  should  float  in 
le  nitric  add,  as  it  is  important  that  the  material  should  not  come  in 
»tact  with  nitric   acid   until   the  bomb  has  been  sealed,  as  loss  of   halogen 

apt  to  occur  with  open  tubes.  The  upper  end  of  the  bomb  is  softened  in 
le  blast'lamp  flame,  drawn  out  to  a  thick-walled  capillar}'  tube  and  the  passage 
ised. 

When  cold  the  bomb  is  wrapped  in  asbestos  paper,  shoved  into  an  iron 
lantle  of  a  bomb  furnace  and  the  heat  turned  on.  The  heating  is  so  regulated 
;iat  the  temperature  is  raised  to  200**  C.  in  three  hours.  If  a  higher  tempcra- 
ne  is  neccflpory,  the  heating  should  be  such  as  to  cause  a  rise  of  50°  C.  in  three 
mm.  Substances  of  the  aromatic  series  require  eight  to  ten  hours  heating  at 
50  to  300®  C,  while  aliphatic  substances  may  be  decomposed  at  200°  C.  in 
bout  four  hours.  Occasionally  it  is  necessary  to  relieve  the  pressure  in  a 
ibe  after  heating  to  200®  C,  before  taking  to  a  higher  temperature,  by  softening 
le  tip  of  the  cooled  bomb  in  a  flame,  allowing  the  accumulated  gas  to  blow 
lit,  resealing  and  again   heating  to  the  desired  temperature.     Decomposition 

complete  when  neither  crystals  nor  drops  of  oil  are  evident  in  the  tube. 
Then  the  bomb  is  cooled,  it  is  removed  by  taking  out  the  iron  sheath  from  the 

» Ann.  d.  Chem.  u.  Pharm.  (1865),  136,  p.  129. 
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furnace  and  inclining  it  so  that  the  glass  capillary  tip  slides  partly  out  of  the 
tube.  (The  eyes  should  be  protected  by  goggles.)  The  point  of  the  capillary 
is  held  in  the  flame  until  the  tip  softens  and  the  gas  pressure  is  released  by 
blowing  through  a  passage  in  the  softened  glass.  When  the  gas  has  escaped, 
a  scratch  with  a  file  is  made  below  the  capillary  and  the  tip  broken  ofif  by 
touching  the  scratch  with  a  hot  glass  rod.  The  contents  of  the  bomb  are  poured 
out  into  a  beaker,  the  tube  washed  out  with  water  and  the  combined  solution 
made  to  about  300  cc.  This  is  heated  to  boiling  and  then  allowed  to  cool. 
The  halide  precipitate  Is  filtered  through  a  Gooch  crucible,  then  dried  and 
weighed. 

If  pieces  of  glass  should  be  present,  the  precipitates,  AgCl  or  AgBr,  are 
dissolved  in  ammonium  hydroxide,  filtered  and  reprecipitated  by  acidifying 
with  nitric  acid.  Agl  may  be  dissolved  by  means  of  dilute  sulphuric  acid  and 
zinc.  The  excess  zinc  is  removed,  the  glass  washed  free  of  iodine,  dried  and 
weighed  and  its  weight  subtracted  from  the  original  impure  Agl,  giving  the  weight 
of  the  pure  silver  iodide. 

Lime  Method  for  Determination  of  Halogens  in  Organic  Matter 

A  layer  of  lime  (free  from  chloride),  about  6  cm.  long,  is  introduced  into 
a  difficultly  fusible  glass  tube,  closed  at  one  end  (40  cm.  long  and  with  1  cm. 
bore) ,  followed  by  0.5  gram  of  the  substance,  and  5  cm.  more  of  the  lime.  The  sub- 
stance is  thoroughly  mixed  by  means  of  a  copper  wire  with  a  spiral  end.  The 
tube  is  now  nearly  filled  with  lime,  then  placed  on  its  side  and  gently  tapp>ed 
to  cause  the  lime  to  settle  and  form  a  small  canal  above  the  layer.  The  tube  is 
placed  in  a  small  carbon  combustion  furnace.  The  heat  is  turned  on,  so  that 
the  front  end  of  the  tube  is  heated  to  dull  redness  and  then  the  end  containing 
the  substance.  When  the  organic  matter  has  been  decomposed,  the  tube  is 
cooled  and  the  contents  transferred  to  a  beaker  and  the  lime  dissolved  in  dilute 
nitric  acid  (Cl-free).  The  carbon  is  filtered  off  and  the  halogen  determined  as 
usual  in  the  filtrate. 

If  calcium  sulphate  is  present  in  the  lime,  it  is  reduced  to  the  sulphide  by 
the  organic  matter,  so  that  AgS  will  be  precipitated  along  with  the  halides.  To 
prevent  this,  hydrogen  peroxide  is  added  to  the  solution  which  should  be 
slightly  alkaline.  The  mixture  is  boiled  to  remove  the  excess  of  HiOi  and  is 
then  acidified  with  nitric  acid,  the  solution  filtered  and  the  halide  determined 
in  the  filtrate. 

With  substances  rich  in  nitrogen,  some  soluble  cyanide  will  be  formed.  The 
silver  precipitate  containing  the  halides  and  the  cyanide  is  heated  to  fusion. 
The  residue  is  now  treated  with  zinc  and  sulphuric  acid,  the  metallic  silver 
and  the  paracyanogen  filtered  off  and  the  halides  determined  in  the  filtrate. 

Sodium  Peroxide  Method 

Organic  compounds  may  be  decomposed  by  sodium  peroxide  in  an  open 
crucible  without  recourse  to  a  sealed  tube,  as  is  required  by  the  Carius  method. 
The  following  is  the  procedure  outlined  by  Pringsheim.^ 

About  0.2  gram  of  substance  in  a  small  steel  crucible  is  treated  with  a  cal- 

» C.  N.,  1905,  91,  2372,  215. 
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euJated  quantity  of  sodium  peroxide.^  The  crucible  should  be  only  two-thirds 
of  its  height  fuU;  this  is  put  in  a  large  porcelain  crucible,  in  which  a  little  cold 
water  is  carefully  placed,  so  that  the  steel  crucible  stands  out  1  to  2  cm.  This 
latter  crucible  is  covered  with  its  own  cover,  in  which  is  a  hole  through  which 
an  iron  wire  heated  to  redness  can  be  introduced  with  the  object  of  starting 
the  combustion.  As  soon  as  the  combustion  is  completed  the  whole  is  plunged 
into  the  water  in  the  larger  crucible.  The  porcelain  crucible  is  covered  with  a 
watch-glass  and  heated  gently  until  the  whole  mass  is  dissolved.  This  point  is 
recognized  when  no  more  bubbles  are  given  off  and  when  there  are  no  more 
particles  of  carbon  which  have  escaped  combustion.  The  steel  crucible  is  then 
removed  and  washed  carefully;  the  solution  is  filtered  and  treated  with  an 
excess  of  sulphurous  acid  (to  neutralize  the  alkaline  liquid,  and  to  reduce  the 
oxidized  products:  bromic,  iodic  acids,  etc.).  The  solution  is  acidulated  with 
nitric  acid,  then  made  to  a  volume  of  about  500  cc,  and  the  halogens  precip- 
itated with  silver  nitrate  and  the  precipitate  washed,  dried  and  weighed  as 
usual. 

SEPARATIONS 

Separation  of  Chlorine  and  the  Halides  from  the  Heavy  Metals.  Halides 
of  the  heavy  metals  are  transposed  by  boiling  their  solutions  with  sodium  car- 
bonate, the  heavy  metals  being  precipitated  as  carbonates  and  the  halides  going 
into  solution  as  sodium  salts. 

Separation  of  Halides  from  Silver  and  from  Silver  Cyanide.  The  silver 
salt  is  treated  with  an  excess  of  zinc  and  sulphuric  acid,  the  metallic  silver 
and  the  [laracyanogen  filtered  off,  and  the  halides  determined  in  the  filtrate. 

Separation  of  the  Halides  ifrom  One  Another.  Separation  of  Chlorine 
from  Iodine.  The  method  depends  upon  the  fact  that  nitrous  acid  sets  iodine 
free  from  dilute  solutions  containing  a  mixture  of  halogen  salts,  bromides  and 
chlorides  bemg  unaffected.    2KI+2KNO,-h4H2S04=4KHS04-h2NO+2H20+l2. 

The  solution  of  the  chloride  and  the  iodide  in  an  Erlenmeyer  flask  is  diluted 
to  400  cc.  and  10  cc.  of  dilute  sulphuric  acid,  1:1,  are  added.  The  gas  from  2 
grams  of  sodium  nitrite  is  passed  into  the  solution  at  the  rate  of  about  five  bub- 
bles per  second.*  (Pure  sodium  or  potassium  nitrite  may  be  added  directly  to  the 
solution  in  the  flask.)  The  hberated  iodine  is  now  completely  expelled  by  boiling 
until  the  evolving  steam  no  longer  reacts  upon  litmus  paper.  Should  a  deter- 
mination of  iodine  be  desired  the  evolved  gas  is  absorbed  in  a  hydrogen  per- 
oxide sodium  hydroxide  solution  according  to  the  procedure  described  under 
iodine.* 


>  C.-harge  of  sodium  peroxide  is  judged  as  follows: 

Per  rent  C  and  O  in  material. 

Amoant  of  sugar  to  add. 

Amount  of  NatOs  required. 

Over  75 
30  to  75 
25  to  50 
Below  25 

0 

0 
i  the  wt.  of  sub. 
An  equal  weight 

18  times  wt.  of  sub. 
16  times  wt.  of  sub. 
16  times  wt.  of  sub. 
16  times  wt.  of  sub. 

*  Nitrous  acid  is  generated  b3^  addition  of  dilute  H2SO4  to  NaNOj,  the  acid  being 
added  cbrop  by  drop  wough  a  thistle  tube  with  glass  stop-cock. 

*  Method  of  Jannasch,  see  chapter  on  Iodine. 
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The  contents  of  the  flask  are  treated  with  silver  nitrate  and  the  predp^J 
silver  chloride  determined  as  usual. 

Separation  of  Chlorine  and  Bromine  from  Iodine.  The  procedi^^'^  ^ 
similar  to  the  separation  of  chlorine  from  iodine  with  the  exception  that  &•  ""^ 
dilute  solution  is  necessary  to  prevent  the  volatilization  of  i)romine  witfc  *** 
iodine.  ^^ 

The  neutral  solution  containing  the  halogens  is  diluted  to  about  700  cc-  ^^^ 
about  2  to  3  cc.  of  dilute  sulphuric  acid,  1  :  1,  are  added  and  a  sufficient  vaoo^^ 
of  pure  sodium  nitrite  introduced  or  nitrous  acid  gas  passed  into  the  8oluti^ 
as  directed  above.    The  solution  is  boiled  until  colorless  and  until  the  evoh^. 
steam  no  longer  acts  upon  litmus  paper.    About  twenty  minutes'  boiling 
the  color  of  iodine  has  disappeared  from  the  flask  will  completely 
iodine;  in  this  case,  however,  water  should  be  added  to  the  flask  to  replaoe 
evaporated  before  the  solution  has  l)een  reduced  to  a  volume  of  less  than  600  tt.' 

For  determination  of  bromine  in  the  residue  remaining  in  the  flask,  see 
chapter  on  this  subject,  page  79. 

GRAVIMETRIC  METHOD 

Determination  of  Chlorine  Combined  as  Chloride  by  Precipitatki 

as  Silver  Chloride 

The  procedure  is  the  reciprocal  to  the  one  for  determination  of  silver;  in  thil 
case  the  soluble  silver  salt  is  added  to  the  sodium  chloride  solution,  in  whiA 
chlorine  is  to  be  detenuined. 

Procedure.    To  the  nitric  acid  solution  of  the  chloride,  prepared  accordingti. 

directions  given  under  "Preparation  and  Solution  of  the  Sample,"  is  added  nhnr 

nitrate  solution  in  slight  excess,  stirring  during  the  addition  of  the  reagent.    (Sti^ 

ring  aids  the  coiigulation  of  the  AgCl  and  hastens  settling.    It  is  advisable  to  aDov 

the  precipitat<>  to  settle  sufficiently  to  clear  the  upper  portion  of  the  solutioB 

in  order  to  detect  whether  further  precipitation  takes  place  upon  addition  o£ 

more  of  the  reagent.)    The  mixture  is  now  heated  until  it  is  hot  to  the  touch 

and  then  allowed  to  settle  for  half  an  hour  or  more,  preferably  in  the  dark.   II-; 

is  filtered  through  a  weighed  Gooch  crucible,  washing  the  precipitate  by  decuh 

tation  several  times  with  cold  water,  slightly  acid  with  nitric  acid,  and  thflt 

the  precipitate  transferred  to  the  (iooch  is  washed  free  of  silver  nitrate  (Hfl 

test)  with  cold  distilled  water.    The  Gooch  is  dried  for  fifteen  to  twenty  minutei^ 

at  100°  C.  and  then  at  about  180°  C.  to  constant  weight.    The  sample  is  mwr  ' 

weighed  as  AgC'l.^ 

AgCl  X  0.2474  =(M. 

XoTKs.  Freo  cliloiiiio  is  converted  to  chloride  according  to  the  procedure  giroi 
for  ])rep;irin>s  the  sainplo,  and  then  detenuined  according  to  the  procedure  i^m 
al)ove.  If  chlorine  and  chlorides  arc  both  ])re8ent  in  the  solution  and  each  is  deamd, 
the  free  clilorint^  is  detc^rniined  according  to  the  volumetric  procedure  given  hto. 
and  the  total  chloride  detenuined  gi avimetrically ,  then  free  chlorine  subtn^M 
iioni  total  chlorine  and  the  result  taken  a.s  combined  chlorine  of  the  solution. 


•  The  silver  chloride  should  be  completely  soluble  in  ammonia.     If  it  is  not,  ti 
oduct  is  iiiipuie.     To  separate  it  from  SiC),,  A^Oa,  and  other  impurities,  the  ni 


tilt 

I)roauct  IS  iiiipuie.  lo  separate  it  irom  MU?,  AI2W3,  ana  otner  impurities,  tbe  prs- 
ci}>itate  is  dissolved  in  anunonia,  the  solution  filtered  free  from  the  imparitiMy 
and  the  A^U  rei)recii)itated  by  acidifying  with  nitric  acid  and  adding  a  few  drops 
of  silver  nitrate. 


J 
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If  a  paper  filter  is  used  in  place  of  the  Gooch  crucible,  the  greater  part  of  the 
precipitate  is  removed,  the  paper  ignited  separately,  the  reduced  silver  oxidized  with 
HNcJi,  a  drop  or  so  HCl  added,  then  evaporated  off,  and  the  residue  combined  with 
major  portion  of  AgCl  and  ignited  gently  until  the  salt  begins  to  melt. 

VOLUMETRIC  METHODS 

Determination  of  Chlorine  in  Acid  Solution,  Silver  Thiocyanate 

Ferric  Alum  Method 

The  method,  devised  by  Volhard,^  is  applicable  to  titration  of  chlorine  in 
acid  solutions,  a  condition  frequently  occurring  in  analysis,  where  the  Silver- 
Chromate  Method  of  Mohr  cannot  be  used.  The  method  is  based  on  the  fact 
that  when  solutions  of  silver  and  an  alkali  thiocyanate  are  mixed  in  presence 
d[  a  ferric  salt,  the  thiocyanate  has  a  selective  action  towards  silver,  combining 
with  this  to  form  thiocyanate  of  silver,  any  excess  of  that  required  by  the  silver 
reacting  with  the  ferric  salt  to  form  the  reddish-brown  ferric  thiocyanate,  which 
color  serves  as  an  indication  of  the  completion  of  the  reaction.  An  excess  of 
silver  nitrate  is  added  to  the  nitric  acid  solution  containing  the  chloride,  AgCl 
filtered  off,  and  the  excess  of  silver  titrated  with  the  thiocyanate  in  presence  of 
the  ferric  salt. 

Copper  (up  to  70%),  arsenic,  antimony,  cadmium,  bismuth,  lead,  iron,  zinc, 
mai^^nese,  cobalt,  and  nickel,  do  not  interfere,  unless  the  proportion  of  the  latter 
metals  is  such  as  to  interfere  by  intensity  of  the  color  of  their  ions. 

Preparation  of  Special  Reagents.  N/10  Ammonium  or  Potassium  Thio- 
cyanate Solution,  About  8  grams  of  ammonium  or  10  grams  of  potassium  salt 
are  dissolved  in  water  and  diluted  to  one  liter.  The  solution  is  adjusted  by 
titration  against  the  N/10  silver  nitrate  solution.  It  is  advisable  to  have  1  cc. 
of  the  thiocyanate  equivalent  to  1  cc.  of  the  silver  nitrate  solution.  Owing  to 
the  deliquescence  of  the  thiocyanates  the  exact  amount  for  an  N/10  solution 
cannot  be  weighed. 

fi;  10  Silver  Nitrate,  This  solution  contains  10.788  grams  Ag  or  16.989  grams 
AgNOs  per  liter.  The  silver  nitrate  salt,  dried  at  120°  C,  or  pure  metallic  silver 
may  be  taken,  the  required  weight  of  the  latter  being  dissolved  in  nitric  acid 
and  made  to  volume,  or  17.1  grams  of  the  salt  dissolved  in  distilled  water  and 
made  to  1000  cc.  The  solution  is  adjusted  to  exact  decinormal  strength  by 
standardizing  against  an  N/10  sodium  chlojide  solution,  containing  5.846  grams 
of  pure  NaCl  per  liter. 

Ferric  Indicator,  Saturated  solution  of  ferric  ammonium  alum.  Should 
this  not  be  available,  FeSOi  may  be  oxidized  with  nitric  acid,  and  the  solution 
evaporated  with  an  excess  of  H3SO4  to  expel  the  nitrous  fumes.  A  10%  solution 
is  desired.    Five  cc.  of  either  of  these  reagents  are  taken  for  each  titration. 

Pure  Nitric  Acid,  This  should  be  free  from  the  lower  oxides  of  nitrogen. 
Pure  nitric  acid  is  diluted  to  contain  about  50%  HNOa,  and  boiled  until  per- 
fectly colorless.  The  reagent  should  be  kept  in  th^  dark.  Dilute  nitric  acid 
does  not  interfere  with  the  method. 

Procedure.  To  the  solution,  containing  0.003  to  0.35  gram  chlorine,  in 
combination  as  a  chloride,  is  added  sufficient  of  the  pure  HNO3  to  make  the  solu- 
tion acid  and  about  5  cc.  in  excess.  To  the  solution,  diluted  to  about  150  cc, 
is  added  an  excess  of  standard  silver  nitrate  reagent.    The  precipitated  AgC'l 

'Li^ig's  Ann.  d.  Chem.,  190,  1;   Sutton,  "Volumetric  Analysis,"  10  Ed. 
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is  filtered  off  and  washed  free  of  silver  nitrate.    The  filtrate  and  ynjAam^gs  tf* 
combined  and  titrated  with  standard  thiocyanate.^ 

The  filtrate  from  the  precipitated  chloride  i^  treated  with  5  cc.  of  tte 
solution,*  and   the  excess   silver  determined  by  addition    of  the 
until  a  permanent  reddish-brown  color  is  produced.    Each  addition  of 
reagent  will  produce  a  temporary  reddish-brown  color,  which  immediately 
as  long  as  silver  uncombined  as  thiocyanate  remains.     The  trace  of 
produces  ferric  cyanate,  the  reddish-brown  color  of  this  compound  being 
seen  against  a  white  background.     From  this  titration  the  amount  of  si0^ 
nitrate  used  by  the  chloride  is  ascertained. 

One  cc.  N/10  AgXO,  =0.00355  gram  CI  or  0.00585  gram  NaCl. 

Volumetric  Determination  of  Chlorine  in  a  Neutral  SdiitiQlr 

Silver  Chromate  Method 

The  method,  worked  out  by  Fr.  Mohr,»  is  applicable  for  detenninatiot 
chlorine  in  water  or  in  neutral  solutions  containing  small  amounts  of  cl 
the  element  should  be  present  combined  as  a  soluble  chloride.    Advantage  P 
taken  of  the  fact  that  silver  combines  with  chlorine  in  presence  of  a  cl 
AgtCr04   being    decomposed    as    follows:     AgsCr04-|-2XaCl=2AgCl+NaiCi(V^ 
When  all  the  chlorine  has  gone  into  combination  as  AgCl,  an  excess  of  K^CiQi 
immediately  forms  the  red  Ag2Cr04,  which  shows  the  reaction  of  AgNOi  wift 
the  chl  ride  to  be  complete. 

Reagents.     Tenth  Normal  Silver  Nitrate  Solution.    Theoretically  16.1 
grams  AgNOs  per  liter  are  required.    In  practice  17.1  grams  of  the  salt  are  dih 
solved  per  1000  cc.  and  the  solution  adjusted  against  an  N/10  NaCl  solutioi 
containing  5.846  grams  NaCl  per  liter. 

Potassium  Chromate.    Saturated  solution. 

Procedure.    To  the  neutral  solution  (made  so,  if  necessary,  by  addition  of 
nitric  acid  or  ammonium  hydroxide),  are  added  2  or  3  drops  of  the  potaariisl 
chromate  solution.    A  glass  cell  <  (or  a  50-cc.  beaker)  is  filled  to  about  1 
in  depth  with  water  tinted  to  the  same  color  as  the  soli|jbion   being  titratBd^^ 
The  cell  is  placed  on  a  clear  glass  plate  half  covering  the  casserole  containing 
sample.    The  standard   silver  solution  is  now  added  to  the  chloride  sol 
from  a  burette  until  a  faint  blood-red  tinge  is  produced,  the  red  change 
easily  detected  by  looking  through  the  blank,  coloretl  cell. 

One  cc.  N/10  KjCrO*  =0.003546  gram  Cl. 

Notes.  '  Chlorides  having  an  acid  reaction  (AlClj)  are  treated  with  an  oxcMi  d. 
neutral  solution  of  sodium  acetate  and  then  titrated  with  silver  nitrate.  ■: 

Elements  whose  ions  form  colored  solution  with  chlorine  are  precipitated  (torn) 
the  solution  by  sodium  hydroxide  or  ])otassiuni  c^irbonate,  and  the  filtrate,  fainttf.i 
acidified  with  acetic  acid,  is  titrated  as  usual. 

^Tirne  is  save<l  by  filterinfi:,  through  a  dry  filter  paper,  only  a  portion  of  the 
made  to  a  definite  volume,  and  titrating  an  aliquot  portion.     The  first  10-15  cc.  of 
filtrate  are  rejected. 

*  lJ])on  addition  of  the  ferric  solution  no  color  should  develop.  If  a  reddiih 
or  yellowish  color  results,  more  nitric  acid  is  required  to  destroy  this.  The  amounl 
of  nitric  acid  does  not  affect  results  when  \iithin  reasonable  limits. 

»  Z.  anorg.  Cheni.,  63,  330  (1909). 

*  Depr6,  Analyst,  5,  123. 
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Free  hydrochloric  acid  is  neutralized  with  ammonium  hydroxide  and  titrated. 

The  accuracy  of  the  method  is  seriously  interfered  with  by  high^  temperatures.' 
It  is  advisable  to  titrate  the  sample  under  the  same  conditions  as  those  observed 
during  standardization. 

Free  chlorine  should  be  converted  to  a  chloride  before  titration.  This  may  be 
aeeompUshed.  as  stated  imder  preparation  of  the  sample^  by  boiling  with  ammonium 
hydroxide.  Free  chlorine  may  be  determined  by  sweepmg  the  gas,  by  means  of  a 
current  of  air,  into  a  solution  containing  potassium  iodide,  the  liberated  iodine  titrated 
by  N/IO  thiosulphate,  NatSsOi,  and  the  equivalent  chlorine  estimated. 

Volumetric  Determination  of  Free  Chlorine 

The  determination  depends  upon  the  reaction  C1+KI=KC1+I.  The  iodine 
liberated  by  the  chlorine  is  titrated  with  Na«SsOi  and  the  equivalent  CI  cal- 
culated. 

Procedure.  A  measured  amount  of  the  chlorine  water  is  added  to  a 
solution  of  potassium  iodide  in  a  glass-stoppered  bottle  by  means  of  a  pipette, 
tlie  delivery  tip  of  which  is  just  above  the  surface  of  the  iodide  solution.  The 
bottle  is  then  closed  and  the  contents  vigorously  shaken.  The  liberated  iodine  is 
titrated  with  tenth-normal  sodium  thiosulphate  (2NasSiOi+Is-2NaI+NaiS40e). 
When  the  yellow  color  of  the  iodine  has  become  faint,  a  little  starch  solution 
is  added  and  the  titration  completed  to  the  fading  out  of  the  blue  color. 

One  cc.  X/10  Na,S,0,  =0.003546  gram  CI. 

Determination  of  Hypochlorous  Acid  in  the  Presence  of  Chlorine 

The  determination  depends  upon  the  reactions: 

2KI+H0CUKC1+K0H+I,  and  2KI+CU=2KC1+I,. 

The  alkali  liberated  by  hypochlorous  acid  and  the  total  iodine  are  determined 
and  the  calculations  made  for  each  of  the  constituents. 

Procedure.  A  measured  volume  of  N/10  HCl  is  added  to  a  potassium  iodide 
solution.  To  this  the  sample  containing  the  hypochlorous  acid  and  chlorine 
are  added.  The  liberated  iodine  is  titrated  with  N/10  NasSsOs.  (The  addition 
of  starch  is  omitted.)  The  colorless  solution  is  treated  with  methyl  orange 
indicator  and  the  excess  of  hydrochloric  acid  is  titrated  with  N/10  NaOH. 
The  potassium  hydroxide,  produced  by  the  action  of  the  hypochlorous  acid 
apon  the  iodide,  requires  half  as  much  acid  for  neutralization  as  the  volume 
of  thiosulphate  required  by  the  iodine  set  free  by  the  hypochlorous  acid, 

Calculatioii.  The  cc.  back  titration  with  NaOH  are  subtracted  from  the 
total  cc.  of  HCl  taken  =cc.  HCl  required  by  NaOH  liberated  by  H0C1=A. 
Then  2A  cc.  =cc.  Na&O,  required  by  the  I  liberated  by  HOCl.  Cc.  A  X0.005247 
«Kram  HOCl.  The  total  NatSiOi  titration  minus  2A  cc.  (due  to  the  iodine 
liberated  by  HOCl)=cc.  Na«StOa  that  are  required  by  the  iodine  liberated  by 
chlorine.  The  cc.  thus  requh^  multiplied  by  0.003546=  grams  chlorine  in  the 
sample  taken. 

\W.  G.  Young,  Analyst,  18,  125. 


Qravimetrtc  Determination  of  Chloric  Acid,  HCIO3,  or  Chl^*^'** 
by  Reduction  to  Chloride  and  Precipitation  as  Silver  Chloa~i£ 

Reduction  of  tiie  Chlorate.    AnuinK  the  methods  of  reduction  of  ehXoi 
the   following;  (icscnft  special   niontJon:     1,  Reduction  trith   Stdi^ui 
2.  Fpm>us  Kulphiite.     3.  Zinc. 

1.  Aliout  0.2  to  0.i>  Rrani  of  the  siilt  is  dissolved  in  100  cc.  of  distilled  < 
and  cither  SOi  gas  passed  int^i  the  solution  or  Hulphurous  acid  in  solutioD  i^ 
ill  excpsR.  Tlic  solutiiiii  is  now  boiled  to  expel  SOt  and  the  chloride  precipK 
as  AgC'l  in  prescnw  of  frc<!  nitric  ai"id. 

2.  The  sample  in  1(K)  cc.  of  distilled  water  is  treated  with  50  c 
tallizod  ferrous  Hulpliato  (10'/,'.  solution),  hcat«d  to  boiling,  with  con.<itatit  st 
and  then  iKiiled  for  fifteen  minutes.    Nitric  aci<l  is  added  to  the  cooled  at 
until  the  deposited  basic  ferric  salt  is  dissolved.    The  chloride  is  r 
itated  us  AjtC'l.  as  usual. 

\i.  The  dilute  chlorate  solution  is  treated  with  acetic  acid  until  it  i 
distinctly  acid.  An  cxccks  of  powdered  zinc  is  now  added  and  the  s 
boiled  for  an  hour.  Nitric  acid  is  added  to  the  cooled  flotutiun  in  mflidntl 
quantity  to  dissolve  the  zinc  renniininiE.  The  solution  is  filtered,  if  ncceaMij,  T 
uid  the  chloride  pn^'ipitnted  an  usnul. 

Factors.    A(t('lX0.S.W -KC'IO,.  or  X0.2474  =  CI. 

NirrK.     In  uhxi-iirtr  of  ryaiii<ln«,  carhunntiM  and  acids  docompoerd  and  Tib-v 
tilixMl  by  hj-droc'liliirin  acid,  or  ovidcs,  hvdroxi<lcs  and  substanrcH  other  than  chlcnHil 
that  nuiy  be  d«ciiiii|>osc<l  or  ai-lcd  upon  by  thin  acid,  evaporation  of  the  salt  with  HQl 
and  iiniition  nf  the  residue,  or  addition  of  an  cxcchs  of  amuionium  chloride,*  and  n' 
xripicnt  hcatiuK  will  give  a  residue  of  chloridi-,  which  may  be  determined  aa  un 
and  thi!  equivalent  chlorate  calculated.    M(-tho«i  by  L.  Illangcy. 

The  inetli(«ls  inav  lie  used  in  determining  chloratM  in  presence  of  pcrcUonD 
onlv  the  former  beinK  reduced  to  chlorides.    Outline  of  the  procedure  is  given  later. 


Qravimetrlc  Determination  of  Perchloric  Acid  by  Reduction  ts  J 
Chloride 

A  {Ktrchloruttt  iitniteil  with  about  four  times  its  weight  of  ammonium  chloriita  I 
in  a  platinum  dUh  may  be  doconiixiscd  to  chloride.    A  second  treatment  ii  | 
usually  ne<'e.<sitr>'  to  <-han)!e  the  salt  comi)letely.     Platinum  appears  to  act  ai 
catalys<'r.  so  nuist  be  added  in  solution  if  a  porcelain  crucible  is  ut<ed. 

Procedure.  About  0.2  tn  0.5  p'am  of  iwtiissium  perchloratc  is  intimatalr  | 
mixi'<l  with  about  2  fsxtinm  of  ammonium  chloride  in  a  platinum  crucible,  tl»  1 
hitler  then  covered  with  a  watch-fclass  ami  the  charge  ignited  i^ntly  for  0 
and  a  hiilf  to  two  hours,  the  tcnux-rature  l)eing  l>clow  the  fuaing-point  of  the  ) 
residual  chloriiie  fotbenvisf?  the  platinum  would  be  attacked).  A  second  addi- 
tion  of  aitimotLhiiii  chloride  is  made  and  the  mix  again  heated  as  before.  The  | 
resulting  cbhiridc  mnv  nnw  be  dclermined  as  usual. 

Kiictors.     Agf'lxi).iH-.fi7-KC-l(),.  X0.2474=CI. 


'  ItllltllCT 

■  IVn^hloi 


I'  dr-njiru>'»cd  1 


Zeil.  Heji.,  l-.m,  24,  7fl3. 

-  iKiLitiiiii  with  NH,CI  in  presence  of  platinum. 
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tomjnatjon  of  Chlorates  and  Perchlorates  in  Presence  of  One 

Another 

[Ij  A  portion  of  the  sample  is  treated  with  about  twelve  times  its  weight  of 

iooiuin  chloride  in  a  platinum  dish  (or  in  a  porcelain  dish  with  the  addition 

w.  of  hydroplatinic  acid),  and  the  mixture  heated  according  to  the  procedure 

for  perchloric  acid  (page  128).    The  resulting  chloride  is  determined  as 

This  is  the  total  chlorine  in  the  sample. 

In  a  second  portion  the  chlorate  is  reduced  by  means  of  SO2  or  FeS04, 
mg  to  directions  given  for  determination  of  chloric  acid,  and  chlorine 
wed.  TTie  chlorine  of  this  portion  is  subtracted  from  the  total  chlorine, 
erence  multiplied  by  3.9075  =KC104.  The  chlorine  of  the  second  portion 
ed  by  3.4563  =KC10,,  or  AgCl  in  (2)  subtracted  from  AgCl  of  (1) 
difference  multiplied  by  0.9667  =  KCIO4.    AgCl  of  (2)  multiplied  by  0.855  = 


lination   of  Hydrochloric,   Chloric,   and   Perchloric  Acids 
in  the  Presence  of  One  Another 

I'otal  Chlorine.    If  the  determination  is  made  in  the  valuation  of  niter 

1  sample  is  fused  with  about  three  times  its  weight  of  alkali  carbonate  ' 

m  hydroxide,*  in  a  platinum  dish,  whereby  all  the  chlorine  compounds 

erted  to  chlorides.    If  the  compounds  are  present  as  alkali  salts,  fusion 

Bonium  chloride  in  a  platinum  dish  may  be  made  and  the  total  chlorides 

ed  after  dissolving  the  residue  in  nitric  acid. 

Ihloride  and   Chlorate.    If  the   estimation  is  being  made  in  niter,  5 

■  the  salt  are  treated  with  10  grams  of  zinc  dust  (Cl-free)  in  presence 

p.  of  1%  acetic  acid.    The  solution  is  boiled  for  half  an  hour,  filtered, 

chloride  determined.    In  a  mixture  of  alkali  salts  of  hydrochloric,  chloric, 

rhloric  acids,  reduction  may  be  accomplished  by  passing  in  SOj  gas  or 

ig  ferrous  sulphate  and  boiling  according  to  directions  given  for  the 

ation  of  chlorate.    The  chloride  now  present  in  the  residue  is  due  to  the 

chlorate  and  to  the  original  chloride  of  the  sample. 

"he  chloride  of  the  sample  is  determined  by  acidifying  tlie  salt  with 

d  (cold)  and  precipitating  as  AgCl. 

ikmte.    The  chloride  and  chlorate  in  terms  of  chlorine  are  subtracted 

d  chlorine  of  (1)  and  multiplied  by  the  factor  for  the  salt  desired. 

mte.    The  chlorine  of  (3)  is  subtracted  from  chlorine  of  (2)  and  mul- 

f  the  factor  for  the  compound  desired. 

ide.    The  AgCl  of  (3)  is  multiplied  by  the  appropriate  factor. 

re.     AgClX0.2474=Cl,    or    X0.2544-HC1,    or    X0.4078  =NaCl,    or 

«KC1 

X  0.855 -KCIO,,  or  X  0.9667  ^KCIO*. 

.4563=KC10„  or  X 3.9075  =KC104,  or  X2.1027=KC1,  or  X3.0028  = 

or  X  3.4535  =  XaC10«,  or  X  1.6486  =  XaCl. 

»  Mennick,  Chem.  Zeit.  Rep.,  1898,  22, 117. 

«  Blattnerand  Brasseur,  Chem.  Zeit.  Rep.,  1900,  24,  793. 
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Determination  of  Chlorine,  Bromine,  and  Iodine  in  the  Presence 

of  Each  Other 

The  procedure  is  Bekk's  modification  of  Baubigny's  method.* 
Procedure.  The  halogens  are  precipitated  with  an  excess  of  silver  nitrate, 
filtered  onto  asbestos  or  glass  wool,  washed,  dried,  and  weighed  as  total  halogens 
as  silver  salts.  A  second  portion  is  precipitated  and  the  moist,  washed  silver 
salts  (0.3  to  0.4  gram)  are  treated  with  a  solution  of  2  grams  of  potassium 
dichromate  in  30  cc.  of  concentrated  sulphuric  acid  at  95°  C,  and  digested  for 
thirty  minutes.  By  this  procedure  the  iodine  is  oxidized  to  hydriodic  acid 
(HIO,)  and  chlorine  together  with  bromine  is  liberated  in  form  of  the  free 
halogen.  Toward  the  end  of  the  reaction  a  stream  of  air  is  led  through  the 
solution  to  remove  any  chlorine  and  bromine.  This  is  now  diluted  to  300  to  400 
cc,  filtered,  and  the  hydriodic  acid  reduced  by  adding,  drop  by  drop,  with  con- 
stant stirring,  a  concentrated  solution  of  sodium  sulphite,  NasiSOs,  until  a  faint 
odor  of  SOi  remains  after  standing  ten  minutes.  (Under  certain  conditions  an 
excess  may  result  in  a  partial  reduction  of  the  silver  iodide.)  The  precipitated 
silver  salt  is  filtered,  washed  with  hot,  dilute  nitric  acid,  dried  and  weighed  as  Agl. 
The  filtrate  containing  the  silver,  formerly  with  the  chlorine  and  bromine,  is 
treated  with  potassium  iodide  in  sufficient  amount  completely  to  precipitate 
the  silver  as  Agl.  This  is  filtered,  washed  and  weighed.  From  the  three  weights 
the  chlorine,  bromine  and  iodine  can  be  easily  calculated. 

Note.    Bekk  claims  an  accuracy  within  less  than  0.15%. 

EVALUATION  OF  BLEACHING   POWDER,   CHLORIDE  OF 

LIME,   FOR  AVAILABLE  CHLORINE 

When  chloride  of  lime  is  treated  with  water,  it  is  resolved  into  calcium 
hypochlorite,  Ca(0Cl)2,  and  calcium  chloride,  CaCU.  The  calcium  hypochlorite 
constitutes  the  bleaching  agent.  The  technical  analysis  is  confined  to  the 
determination  of  available  chlorine,  which  is  expressed  as  percentage  by  weight 
of  the  bleaching  powder.* 

Procedure.  Ten  grams  of  the  sample  are  washed  into  a  mortar  and  ground 
with  water,  the  residue  allowed  to  settle  and  the  supernatant  liquor  poured  into 
a  liter  flask.  The  residue  is  repeatedly  ground  and  extracted  with  water  until 
the  whole  of  the  chloride  is  transferred  to  the  flask.  The  combined  extracts 
are  made  up  to  1000  cc. 

To  50-cc.  portions  (0.5  gram)  of  the  solution,  3  to  4  grams  of  solid  potassium 
iodide  and  100  cc.  of  water  are  added  and  the  solution  acidified  with  acetic 
acid.  Iodine  equivalent  to  the  available  chlorine  is  liberated.  This  is  titrated 
with  N/10  arsenious  acid.' 

One  cc.  N  /lO  arsenious  acid  =0.003546  gram  CI.    This  multiplied  by  200  =  %C1. 

Uulius  Bekk,  Chem.  Ztg..  89,  405-6  (1915).     C.  A.,  9,  2042,  (1915). 

*  In  France  the  strength  is  given  in  Gay-Lussac  degrees,  e.g.,  liters  of  gas 
evolved  by  2  kilograms  of  bleaching  powder,  0°  C.  and  760  mm.    100** =31.78%  CI. 

*  The  standard  arsenious  acid  is  made  by  dissolving  4.95  grams  of  pure  Asjd 
together  with  20  grams  of  sodium  bicarbonate  in  50  cc.  of  warm  water.  When  dis- 
solved the  solution  is  made  up  to  1  liter. 
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Note.  In  the  analysis  of  compounds  containing  h3rpochlorite8  and  chlorides, 
the  conversion  of  hypochlorites  to  chlorides  by  heating  with  hydrogen  peroxide  is 
a  great  convenience. 

For  instances  in  the  analysis  of  bleach  liquors,  washes,  etc.,  the  (OCl)  and  CI 
may  be  verv  easily  and  quickly  determined  by  titrating  an  aliquot  with  AssOs  and  then 
a  similar  aliquot  with  AgNOs  after  converting  all  the  OCl  to  CI  by  warming  with 

HA. 

It  ifl  also  a  convenience  in  getting  rid  of  OCl  as,  for  instance,  in  the  deter- 
mination of  CO]  in  bleaching  powder,  which  is  often  of  great  importance.  It  is 
preferable  to  the  use  of  ammonia,  which  is  always  liable  to  suspicion  of  having  taken 
opahtUe  CO3,  and  there  is  no  danger  of  NH4CI  fumes  which  are  sometimes  a  nuisance. 


CHROMIUM 

Wilfred  W.  Scott 

Cr,  at.wt.  52.0;  sp.gr,  6.92;  m,p.  1520**;  b.p.  2200°  C;  oxidea,  CrQi; 

CriO,,  CrO,. 

DETECTION 

Chromium  is  precipitated  by  hydrogen  sulphide  and  ammonium  hydroxkk 
as  bluish-green,  Cr(OH)i,  along  with  the  hydroxides  of  iron  and  aluminum 
(members  of  previous  groups  having  been  removed).  The  chromic  compound 
is  oxidized  to  chromate  by  action  of  chlorine,  bromine,  sodium  peroxide,  or 
hydrogen  peroxide  added  to  the  substance  containing  an  excess  of  caustic  alkali 
The  chromate  dissolves  and  is  thus  separated  from  iron,  which  remains  insol- 
uble as  Fe(OH)j.    The  alkali  chromatcs  color  the  solution  yellow. 

Barium  acetate  or  chloride  added  to  a  neutral  or  slightly  acetic  acid 
solution  of  a  chromate  precipitates  yellow  barium  chromate,  BaCr04.  Addition 
of  ammonium  acetate  to  neutralize  any  free  inorganic  acid  aids  the  reactioo. 

Lead  acetate  produces  a  yellow  precipitate  with  chromates,  in  neutnl 
or  acetic  acid  solutions. 

Mercurous  nitrate  or  silver  nitrate  gives  red  precipitates  with  chromates. 

Hydrogen  peroxide  added  to  a  chromate  and  heated  with  an  acid,  sndi 
as  sulphuric,  nitric,  or  hydrochloric,  will  form  a  greenish-blue  colored  solution. 
Chromatcs  are  reduced  by  hydrogen  peroxide  in  acid  solution,  the  action  betng 
reversed  in  alkaline  solution. 

Reducing  agents,  hydrogen  sulphide,  sulphurous  acid,  ferrous  sattii 
alcohol  fonn  green  chromic  salts  when  added  to  chromates  in  acid  solution. 

Ether  shaken  with  a  chromate  to  which  nitric  acid  and  hydrogen  peroxide 
are  added,  is  colored  a  transient  blue.    Oxygen  is  given  off  as  the  color  fades. 

HCr04+3HNO,  =Cr(X0,),+2H,0+0,. 

Diphenyl  carbazide  test.  To  5  cc.  of  the  solution  containing  chromium  ai 
chromate,  2  drops  of  hydrochloric  or  acetic  acid  are  added,  and  1  drop  of  an  acetiB 
acid  solution  of  diphenyl  carbazide  (0.2  gram  CO  (NH*XH-CcHi)t  is  dissolvwl 
in  5  cc.  glacial  acetic  acid  and  diluted  to  20  cc.  with  ethyl  alcohol).  A  viohk 
pink  color  is  produced  in  presence  of  a  chromate.  Less  than  0.0000001  pan 
chn)mium  may  be  detected. 

Chromic  salts  are  bluish  green;  chromic  acid  is  red;  chromates,  ydknr; 
bichromates,  red;  chrome  alum,  violet. 

The  powdered  mineral,  containing  chromium,  when  fused  with  sodium 
carbonate  and  nitrate,  ])roduces  a  yellow  colored  mass. 

ESTIMATION 

Among  the  substances  in  which  chromium  is  determined  are  the  foUowing: 
Chrome  iron  or  rhroniite.  (YjOj •  FeOMgO ;  crocoisite,  PbCr04;  slags;  chromiB 
oxide,  chrome  green,  in  pigments;  chromatcs  and  dichromates;  chrome  sted 
and  ferro-ohrome. 
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ion  and  Solution  of  Uie  Sample 

Although  powdered  metallic  chromium  is  soluble  in  dilute  hydrochloric  or 
flolphuric  acid,  it  is  only  slightly  soluble  in  dilute  or  concentrated  nitric  acid. 
It  is  practically  insoluble  in  aqua  regia  and  in  concentrated  sulphuric  acid. 
Chrome  iron  ore  is  difficult  to  dissolve.  It  is  important  to  have  the  material 
m  finely  powdered  form  lo  effect  a  rapid  and  complete  solution  of  the  sample. 
An  agate  mortar  may  be  used  to  advantage  in  the  final  pulverizing  of  the 
substance. 

General  Procedures  for  Decomposition  of  Refractory  Materials  Con- 
tuning  Chromium.    The  following  fluxes  may  be  used: 

A.  Fusion  with  KHSO«  and  extraction  with  hot  dilute  HCl.  The  residue 
fused  with  NaiCOs  and  KClOi,  3  :  1,  or  fusion  with  soda  lime  and  KClOt,  3:1. 

B.  Fusion  with  NaHSO*  and  NaF,  2:1. 

C.  Fusion  with  magnesia  or  lime  and  sodium  or  potassiiun  carbonates, 
4:1. 

E.  Fusion  with  Na,Oa,  or  NaOH  and  KNO,,  or  NaOH  and  NajO,.  Nickel, 
iron,  copper,  or  silver  crucibles  should  be  used  for  E,  Platinum  may  be  used 
for^,  B,  or  (7. 

Special  Procedures.  Materials  High  in  Silica.  The  finely  ground  sample, 
1  to  5  grams,  is  placed  in  a  platinum  dish  and  mixed  with  2  to  5  cc.  concentrated 
sulphuric  acid  (1.84),  and  10  to  50  cc.  of  strong  hydrofluoric  acid  added.  The 
solution  is  evaporated  to  small  volimie  on  the  steam  bath  and  to  SOi  fumes  on 
the  hot  plate.  Sodium  carbonate  is  added  in  sufficient  amount  to  react  with 
the  free  acid,  and  then  an  excess  of  5  to  10  grams  added  and  the  mixture  heated 
to  fusion  and  kept  in  molten  condition  for  half  an  hour.  From  time  to  time  a 
cr^'stal  of  potassium  nitrate  is  added  to  the  center  of  the  molten  mass  imtil 
1  to  2  grams  are  added.  (CaiUian,  Platinum  is  attacked  by  KNOi,  hence 
avoid  adding  a  large  amoimt  at  any  one  time.)  Chromium  and  aluminum  go 
into  solution  in  the  flux,  but  iron  is  thrown  out  as  Fe(OH)i.  The  cooled  fusion 
is  extracted  with  hot  water  and  filtered  from  the  iron  residue.  Chromium 
is  in  solution  together  with  aluminimi.  If  much  iron  is  present  it  should  be  dis- 
diasolved  in  a  little  hydrochloric  acid  and  the  solution  poured  into  boiling  10% 
solution  of  potassiimi  hydroxide,  the  cooled  solution+Fe(OH)s  precipitate  is 
treated  with  hydrogen  peroxide  or  sodium  peroxide  to  oxidize  any  chromimn 
that  may  have  been  occluded  by  the  iron  in  the  first  precipitate.  The  mixture 
is  again  filtered  and  the  combined  filtrates  examined  for  chromium. 

Sodium  Peroxide  Fusion.  Chrome  Iron  Ores.  One  to  two  grams  of  finely 
pulverized  ore  are  placed  in  a  nickel  or  iron  crucible  of  50  to  75  cc.  capacity 
and  mixed  with  5  to  10  grams  of  yellow  sodium  peroxide.  (Fresh  peroxide  is 
best).  The  mass  is  gently  heated  over  a  Bunsen  burner  until  it  melts.  The 
fusion  is  kept  at  a  low  red  heat  for  about  fifteen  minutes.  About  5  grams  more 
of  the  XatOs  are  added  and  the  fusion  heated  for  about  ten  minutes  more. 
The  cooled  fusion  is  dissolved  in  a  casserole  with  100  cc.  to  150  cc.  of  water,  more 
peroxide  being  added  to  this  solution  if  it  appears  purple.  The  excess  of  peroxide 
is  decomposed  by  boiling  the  solution,  and  to  the  caustic  solution  free  from  per- 
oxide is  added  10  to  15  grams  of  ammoniimi  carbonate  or  a  sufficient  quantity  of 
the  salt  to  neutralize  four-fifths  of  the  sodium  hydroxide  present  in  the  solu- 
tion, as  the  strong  caustic  would  otherwise  dissolve  the  filter.  The  solution 
is  now  filtered.    The  insoluble  matter  is  treated  on  the  filter  with  dilute  sulphuric 
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acid,  1:4.    If  a  portion  remains  insoluble,  it  is  an  indication  of  ineom] 
decomposition  of  the  ore,  and  this  residue  is  again  fused  with  peroxide  uii\ 
treated  as  above.    The  combined  filtrates  contain  the  chromium. 

Since  chromatcs  are  reduced  in  presence  of  free  acid  and  peroxide,  the  latter 
should  be  expelled  before  making  the  solution  acid.^ 

If  the  chromate  is  to  be  precipitated  as  BaCrOt  or  PbCr04,  the  solutin 
should  be  acidified  with  hydrochloric  acid.  If  the  reduced  solution  is  to  be 
titrated  with  potassium  permanganate,  it  is  best  to  use  sulphuric  acid  in  neutnl- 
izing  the  caustic  solution.  Further  directions  will  be  given  under  the  method 
chosen. 

Method  for  Solution  of  Iron  and  SteeL  Three  to  five  grams  of  steel  an 
boiled  for  about  ten  to  fifteen  minutes  with  50  cc.  of  strong  hydrochloric  add 
and  about  150  cc.  concentrated  nitric  acid  added  and  the  boiling  continued 
until  the  hydrochloric  acid  is  expelled,  brown  fumes  and  the  odor  of  CI  no  longer 
being  evident.  Ten  grams  of  potassium  chlorate  are  now  added  to  the  cooM 
solution,  a  few  crystals  at  a  time,  the  solution  then  replaced  on  the  hot  pbte 
and  boiled  down  to  about  50  cc.  to  decompose  the  chlorate.  The  solution  ii 
diluted  to  150  cc,  and  if  an  appreciable  amount  of  manganese  dioxide  hai 
separated  out,  it  is  decomposed  by  the  addition  of  a  few  drops  of  hydrochloric 
acid.  The  chlorine  is  expelled  by  boiling  and  the  solution  cooled.  Chromiim 
is  determined  in  this  solution  by  the  ferrous  ammoniimi  sulphate  method. 

SEPARATIONS 

Chromium,  Iron,  and  Aluminum.  If  chromium  has  been  fused  with  sodium 
peroxide  or  carbonate  containing  a  little  potassium  nitrate,  and  the  fuskm 
extracted  with  boiling  water,  most  of  the  chromium  goes  into  solution  as  a 
chromate,  together  with  alumina,  but  some  of  the  chromium  is  occluded  by  Fe(OH)^ 
If  the  amount  of  the  iron  ])recipitate  is  appreciable,  and  warrants  the  recoveiy 
of  occluded  chromium,  it  is  dissolved  in  hydrochloric  acid  and  the  iron  repra- 
cipitated  by  pouring  into  a  solution  of  strong  sodium  hydroxide.  Before  fUteiing 
off  the  iron  hydroxide,  a  little  HjOj  is  added  to  oxidize  the  CriOa,  if  accidentally 
present,  and  the  solution  boiled  and  filtered.  The  combined  filtrates  will  eon- 
tain  all  of  the  chromium  and  aluminum. 

If  chromium  is  present  as  a  chromic  salt,  instead  of  a  chromate,  it  is  oxidiied 
to  the  higher  fonn,  by  adding  peroxide  (HjOj  or  NasO»)  to  the  alkaline  solu- 
tion. Bromine  added  to  tliis  solution  or  chlorine  gas  passed  in  will  accomplish 
complete  oxidation.*  It  must  be  remembered  that  in  acid  solutions  hydrogen 
peroxide,  sodium  iwroxido,  or  nitrites  will  cause  reduction  of  chromates  to 
chromic  salts  (exception,  8(k>  method  for  solution  of  steel),  so  that  these  should 
be  boiled  out  of  the  alkaline  solution  l>efore  making  decidedly  acid  with  hjrdro- 
cliloric  or  sulphuric  acids.  Since  these  are  difficult,  if  not  impossible,  to  com- 
pletely expel  from  an  alkaline  solution,  after  boiling  the  strongly  alkaline  solu- 
tion, diluto  sulphuric  acid  is  iulded  until  the  solution  acquires  a  permanent 
brown  color   (nearly  acid),   acid   potassium  sulphate,  KHSO4,   is  added,  and 

*  See  Separations. 

•  Br  may  be  added  and  then  NaOH  to  oxidize  Cr  and  precipitate  Fe(OH)a. 
Chromio   oxide  and  moat  of  its  compounds,  except  chrome  iron  stone,  may  be 

decomposed  bv  cone.  HNOj+KClOa  (added  in  small  portions).     M.  Grdger,  Zeitach. 
anorg.  Chem.,  81,  233-242,  1913. 
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the  boiling  continued.^  This  will  decompose  the  bromates  and  expel  bromine, 
etc.,  but  will  not  cause  the  reduction  of  the  chromate,  as  would  a  strong  acid 
solution. 

Separation  of  Chromium  from  Aluminum.  This  separation  is  necessary  if 
chromium  is  to  be  precipitated  as  Cr(OH),.  The  sodium  chromate  and  alumi- 
Date  solutions  are  made  slightly  acid  with  nitric  acid  and  then  faintly  alkaline 
with  ammonium  hydroxide,  Al(OH)i  is  precipitated  and  chromium  remains 
in  solution  as  a  chromate. 


GRAVIMETRIC    METHODS    FOR   THE    DETERMINATION    OF 

CHROMIUM 

Precipitation  of  Chromic  Hydroxide  and  Ij^ition  to  Cr203^ 

Chromiimi  present  as  a  chromic  salt  in  solution,  free  from  iron  and  aluminum 
or  elements  precipitated  as  hydroxides,  is  thrown  out  of  solution  by  NH4OH 
as  Cr(OH)a,  the  precipitate  ignited  to  the  oxide,  CriOs,*  and  so  weighed.  The 
presence  of  hydrochloric  acid  or  sulphuric  acid  does  not  interfere. 

Reduction.  If  the  chromium  is  already  present  as  the  chromic  salt,  free 
from  iron  and  alumina,  it  may  be  precipitated  directly  as  the  hydroxide  by 
addition  of  ammonia;  otherwise,  if  present  as  the  chromate,  as  is  the  case  when 
a  separation  from  iron  and  alumina  has  been  necessary,  and  in  cases  where 
the  chromium  has  been  brought  into  solution  by  fusion  with  an  oxidizing 
reagent,  reduction  is  necessary.  This  is  accomplished  by  passing  SO,  or 
as  into  the  slightly  acid  solution  of  the  chromate,  or  by  adding  alcohol 
to  the  hydrochloric  acid  solution  and  boiling  until  the  solution  appears  a 
deep  grass  green.  Twenty  cc.  of  alcohol  for  every  0.1  gram  of  Cr  has  been 
found  to  be  ample  for  this  reduction.  The  SOi  or  H2S  should  be  expelled 
from  solution  by  boiling,  in  case  either  has  been  iijsed  for  reduction  of  the 
chromate. 

Preci|ntation.  Afnmonium  hydroxide  or  ammonium  sulphide  are  added 
in  slight  excess  and  the  solution  boiled  for  about  ten  minutes.  The  solution 
should  be  slightly  alkaline  (litmus),  otherwise  a  few  drops  of  anunonia  should 
be  added,  but  not  a  large  excess;  the  solution  will  then  settle  out  clear.  A 
cloudy  solution  results  from  prolonged  boiling  when  the  solution  has  become 
acid;  on  the  other  hand,  a  large  excess  of  ammonia  will  prevent  complete  pre- 
cipitation of  chromium  and  the  filtrate  will  be  colored  pink  or  violet.  The 
chromic  hydroxide  is  filtered  off  on  S  and  S  689  filler  paper.  Since  the  precipi- 
tate is  apt  to  be  gelatinous  it  is  advisable  to  wash  two  or  three  times  by  decanta- 
tion  and  several  times  on  the  paper.  The  well-drained  precipitate  and  filter  is 
ignited  wet  in  a  porcelain  or  platinum  crucible,  first  over  a  low  flame  until  the 
paper  has  been  charred,  then  over  a  strong  gas  flame  for  about  thirty  minutes, 

*KHS04  will  not  cause  reduction  of  chromates.  A.  Kurtenacker,  Zeitsch.  anal. 
Chcm.,  62,  401^07,  1913.    The  Analyst,  88,  449,  page  387. 

'  It  18  advisable  to  take  such  a  weight  of  sample  that  the  ignited  Cr203  does  not 
exceed  0.5  gram  in  weight. 

•CrjOj,  mci.ui.f  152;  9p.gr. ^  5.04;  m.p.,  2059®;  insol.  in  HjO,  slightly  sol.  in  acids, 
dark  green  hexagonal. 
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and  finally  a  blast  heat  for  five  minutes.    The  green  residue  is  weighed 
CraO,.! 

CrjO,  X  0.6846  =Cr. 

Determination  of  Chromium  as  Barium  Chromate' 

Chromium,  present  as  a  chromate,  is  precipitated  from  a  neutral  or  fail 
acetic  acid  solution  of  an  alkali  chromate  by  addition  of  barium  acetate 
chloride.  The  BaCrOi  is  gently  ignited  and  weighed.  The  solution  should 
free  from  sulphuric  acid  or  sulphates. 

Procedure.    The  alkali  chromate  solution  is  neutralized  with  nitric 
or  ammonia    as  the  case    may  require,   precautions   for  avoiding  reduc 
having  been  observed   as   indicated  under  Preparation  and   Solution  of. 
Sample.    10  cc.  of  ^  N.  BaCU  or  BaCCaHsOa)*  (approx.  10%  sol.)  are 
to  the  boiling  solution  for  each  0.1  gram  of  chromium  present.    The 
should  be  added  in  a  fine  stream  or  drop  by  drop  to  prevent  occlusion  of 
reagent  by  the  precipitate.    The  precipitated  chromate  is  allowed  to 
on  the  steam  bath  for  two  or  three  hours  and  then  filtered  into  a  weighed 
crucible  and  washed  with  10%  alcohol  solution.    The  precipitate  is  dried 
an  hour  in  the  oven,  then  placed  in  an  asbestos  ring  suspended  in  a 
crucible  with  cover  and  thus  heated  over  a  low  flame,  gradually  increasing 
heat  until  the  outer  crucible  becomes  a  dull  red.    The  cover  is  removed 
the  heating  continued  for  five  minutes,  or  until  the  precipitate  appears  a  umfc 
yellow  throughout.    High  heating  should  be  avoided.    The  cooled  residue 
weighed  as  BaCrOi. 

BaCr04X  0.2055  =Cr, 

BaCrO*  X  0.3002  ^CraO,. 

BaCr04X  0.7666  =K,CrO«. 

BaCrO4X0.5807  ^KsCrA. 

Notes.    If  the  precipitate  on  the  sides  of  the  crucible  appears  green,  it  is  i( 
until  the  green  color  disappears. 

If  sulphates  are  present,   Ba»S04  will  be  precipitated,  hence  this  method 
not  be  used.     In  this  case  either  reduction  to  the  chromic  salt  and  preeipitation  fllj 
chromium  as  Cr(OH)a  or  a  volumetric  procedure  should  be  followed. 

Oxidize  chromium  with  an  excess  of  hydrogen  peroxide  in  alkaline  solution, 
in  acid  solution  with  ferrous  sulphate  and  titrate  with  permanganate.     Deoomi 
of  hydrogen  peroxide  is  accelerated  by  heat  and  by  presence  of  sodium  sulphatoflf] 
ferric  salts.     Salt^  of  nickel  cobalt,  or  manganese,  decompose  Hsd  energetically 
lower  results  are  obt^ned.    F.  Bourin  and  A.  Senechal.    Compt.  lend.,  167,  I528-3L] 

^  If  the  filtrate  appears  yellow,  chiomate  is  indicated,  the  solution  should  be  redooB^^ 
and  the  chromium  precipitated  as  Cr(OH)i.     If  the  filtrate  is  pink,  it  should  be  boiMl 
until  it  aj)pears  green  and  Cr(C)H)3  precipitates.    These  precipitates  should  be  included 
in  tlie  above  calculation  for  chromium. 

2BaCr04,  7«oZ.u^,  253.47;  sp.gr.,  4.498;  solubility  per  100  cc.  HiO,  0.00038"' aoi 
0.0043  hot.    Soluble  in  HCl  and  in  HNO3;  yellow  rhombic  plates. 
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VOLUMETRIC  METHODS   FOR  THE   DETERMINATION 

OF  CHROMIUM 

Potassium  Iodide  Method  for  Determination  of  Chromium 

Chromium  present  as  a  chromate  is  reduced  in  acid  solution  by  addition 
of  potassium  iodide  and  the  liberated  iodine  titrated  by  standard  sodium  thio- 
sulphate.    The  method  depends  upon  the  following  reactions: 

(«)  2CrOa+6KI  =CrjOa+3K,0+6I. 
(6)  l2+2Na&0,=2XaI+Na2S40.. 

The  presence  of  large  quantities  of  Ca,  Br,  Sr,  Mg,  Zn,  Cd,  Al,  Ni,  Co,  HjSOi, 
HCl,  does  not  interfere.* 

Procedure.  The  alkali  chromate  solution  containing  not  over  0.17  gram 
Gr  *  and  free  from  FesO»,  is  made  nearly  acid  with  H2SO4,  boiled  with  20  cc.  of 
30Cf}  potassium  acid  sulphate  to  decompose  bromates  or  expel  Br,  CI,  or  HjOt 
as  the  case  may  require,  more  KHSO4  being  added  if  necessary.  If  the  solution 
is  not  acid  it  is  made  so  with  sulphuric  acid  and  5  cc.  of  the  acid  per  100  C3.  of 
solution  is  added  in  excess.'  About  2  grams  of  soUd  potassium  iodide  are  added 
and,  after  five  minutes,  the  hberated  iodine  is  titrated  with  N/10  NaaSjO, 
solution.  When  the  green  color  of  the  reduced  chromate  begins  to  predominate 
over  the  free  iodine  color  (brownish  red)  a  little  starch  solution  is  added  and 
the  titration  with  the  thiosulphate  continued  until  the  blue  color  of  the  starch 
compound  is  just  destroyed,  care  being  taken  not  to  confuse  the  green  color  of 
the  reduced  chromium  with  the  blue  of  the  starch. 

One  cc.  of  N/10  NajSjO,*  =0.001733  gram  Cr. 

Determination  of  Chromium   by  Reduction   of  the   Chromate 

with  Ferrous  Salts 

The  procedure  may  be  used  for  the  determination  of  chromium  in  presence 
of  ferric  iron  and  alumina.  Hydrochloric  or  sulphuric  acids  do  not  interfere. 
If  hydrochloric  acid  is  present  in  solution,  the  K2Cr207  back  titration  should  be 
made.  In  presence  of  H1SO4  either  KMn04  or  KjCraOr  titrations  may  be 
made.  The  method  depends  upon  the  reduction  of  soluble  chromates  by  ferrous 
salts,  the  excess  being  determined  by  titration. 

Reactions,    a,  2Cr,0,+6FeO+X8FeO=Cr20,+3Fe20,+x«FeO. 

b.  xsFeO  is  oxidized  by  standard  oxidizing  reagent  to  FcjOj. 

1 M.  Groger,  Zeit.  anal.  Chem.,  81,  233-242,  1913. 

*If  desir^,  btronger  solution  of  titration  reagent;)  may  be  used,  and  consequently 
a  larger  sample  taken.  A  normal  sol.  of  NaaSaOj  may  be  used  to  advantage  with  1 
gram  samples  of  chromium  salts  or  hydrates,  where  Cr  exceeds  10%. 

•  A.  Kurtenacker,  Zeit.  anal.  Chem.,  62,  401-407.  1913. 

Sutton  recommends  for  every  0.5  gram  KsCfsOt  present  to  add  .5  gram  KI  and  1.8 
mm  H1SO4  per  100  cc.  of  solution.  If  more  KaCraO?  is  present,  increase  the  KI  and 
H1SO4.  but  not  the  water. 

*  If  desired,  a  normal  solution  of  thio  sulphate  may  be  used  with  one  gram  sample 
of  chromium  salts  or  hydroxides,  when  the  chromium  present  exceeds  10  per  cent. 
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Procedure.    Reduction,    The  sample^  containing  not  over  0. 1 7  gram  chioaiii^^j!i^ 
present  as  a  chromate,  is  boiled  to  expel  oxidizing  reagents  according  to  ii^m 
method  described  under  the  potassium  iodide  procedure  for  chromium.    The 
tion  is  made  acid,  if  not  already  so,  and  about  5  cc.  cone.  H3SO4  per  100eir« 
of  solution,  added  in  excess.    Tenth  normal  ferrous  anunoniimi  sulphate  nifr 
tion  containing  free  sulphuric  acid  is  added  until  the  solution  changes 
yellow  through  olive  green  to  deep  grass  green.    For  every  0.1  gram  of 
mium  about  ()5  to  70  cc.  of  N/10  ferrous  salt  solution  should  be  added, 
five  minutes,  the  excess  of  this  reducing  reagent  is  titrated  either  with  pennaa*. 
ganatc  or  with  dichromate  as  directed  below. 

Potassium  Permanganate  Titration.  To  be  used  in  presence  of  free  sulphmk 
acid,  free  hydrochloric  acid  being  absent. 

Tenth-normal  potassium  permanganate  solution  is  run  into  the  redoeed 
chromate  until  the  green  color  gives  place  to  a  violet  tinge.  At  the  end-point 
the  solution  appears  to  darken  slightly.  A  little  practice  enables  one  to  get  thk  i 
with  accuracy.  A  slight  excess  of  permanganate  gives  the  solution  a  pinUdi 
color,  readily  distinguishable  in  the  green.  Addition  of  3  to  4  cc.  syrupy  phoi- 
phoric  acid  gives  a  sharper  end-point.    The  color  should  hold  one  minute. 

Potassium  Dichromate  Titration.  N/10  KiCrsO?^  is  run  into  the  solatioB 
until  a  drop  of  the  sample  placed  on  a  white  glazed  surface  with  a  drop  of  potas- 
sium ferricyanide  reagent  no  longer  gives  a  blue  color. 

Calculation.    From  the  total   ferrous  ammonium  sulphate  added,  subtract 
the  cc.  of  back  titration  (the  reagents  being  exactly  N/10),  the  difference  gi^^es 
the  cc.  of  ferrous  salt  required  for  chromium  reduction.    If  reagents  are  not 
X/10,  multiply  cc.  titrations  by  factor  converting  to  N/10. 
Cc.  ferrous  ammonium  sulphate  X  0.001 733  =Cr. 

Cr20,+30  =Crs()6.     .-.  (>  =  1^0  or  =3H;  hence  ^  mol.  wt.  Cr  per  liter  =  X  sol. 

Determination  of  Small  Amounts  of  Chromium  ^ 

Advantage  may  be  taken  of  the  color  produced  by  chroma tes  in  solution 
in  detemiining  small  amounts,  the  depth  of  color  depending  upon  the  amount 
of  chromate  in  solution.  Tlie  metliod  possesses  the  usual  disadvantage  of  color- 
imetric  procedures  in  that  there  is  always  room  for  doubt  as  to  whether  the 
element  sought  is  entirely  responsible  for  the  color  of  the  solution. 

Procedure.  The  solution  containing  the  sample  is  nearly  neutralized  with 
sodium  carbonate,  the  reagent  being  added  until  a  slight  cloudiness  results. 
The  solution  is  now  cleared  with  a  few  drops  of  sulphuric  acid,  and  then  suf- 
ficient excess  of  a  strong  solution  of  sodium  tliiosulphate  added  to  precipitate 
aluminum,  chromium,  manganese,  etc.  The  precipitate  is  filtered  off,  dis- 
solved in  the  least  amount  of  dilute  nitric  acid,  then  filtered  from  the  precipitated 
sulphur  and  diluted  to  300  to  400  cc.  Chromium  is  now  oxidized  by  adding 
10  cc.  of  0.2%  silver  nitrate  solution,  about  10  grams  each  of  anmionium  nitrate 
and  persulphate.  After  boiling  for  about  twenty  mmutes,  sufficient  hydro- 
chloric acid  is  added  to  decompose  any  pennanganate  present  and  to  precip- 

^  If  desired,  a  larger  sample  may  be  taken  and  N/5  or  N  solutions  used  in  litra- 
tion.  It  is  advisable  to  titrate  chromium  salts,  e.g.,  over  1.0%  Cr,  with  normal  solu- 
tions, so  that  one  gram  sample  muv  be  taken  for  analysis. 

»  M.  Dittrich,  Zeitsch.  anorg.  Ohem.,  80,  171-174,  1913. 
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itate  the  silver,  and  a  few  cc.  added  in  excess.  The  solution  is  again  boiled 
for  about  ten  minutes  and  then  filtered.  The  filtrate  is  treated  with  a  little 
sodium  phosphate  to  repress  the  color  of  traces  of  iron  that  may  be  present 
and  made  to  a  definite  volume. 

The  solution  may  now  be  compared  with  a  standard  solution  containing 
the  same  amounts  of  acids,  manganese,  alumina,  etc.,  as  are  present  in  the 
sample,  tenth  normal  potassium  dichromate  being  run  into  this  standard  solu- 
tion until  its  color  matches  that  of  the  sample.  The  burette  reading  is  taken 
and  the  chromium  calculated. 

One  cc.  of  N/10  K^CraOr  =0.00173  gram  Cr. 

Notes.  Prolonged  boiling  after  addition  of  hydrochloric  acid  to  the  solution  of 
the  chromate  will  cause  its  r^uction.  A  green  tint  usually  indicates  that  the  chro- 
mate  has  been  reduced. 

The  test  may  be  carried  on  in  the  presence  of  sulphuric,  hydrochloric,  phosphoric 
hydrofluoric,   and  nitric  acids.    Alumina,   manganese,   and  small  amounts  of  iron 
do  not  interfere. 

Organic  matter  should  be  destroyed  by  either  calcining  the  sample  or  by  oxida- 
tion by  taking  to  fumes  with  sulphuric  acid.  The  presence  of  this  prevents  pre- 
cipitation of  chromimn. 


COBALT 

W.  L.  Savell^ 

Co,  at.wt.  58.97;  8p.gr.  8.7919;  m.p.  1478^;  6.p.  unknowni  OxideB, 

CozOs,  CoO,  CoOs. 

DETECTION 

After  the  removal  of  the  elements  precipitated  by  hydrogen  sulphide 
acid  solution,  a  little  nitric  a(*id  is  added  to  the  solution  to  oxidize  to  tiie 
state  any  ferrous  salts  which   may  be  present,  and  ammonia  is  added  untfl 
odor  is  distinctly  i)erceptible,  to  precipitate    iron,  aluminum  and  chronmai^ 
This  precipitate  is  removed  by  filtration  and  hydrogen  sulphide  passed  throui^ 
the  ammoniacal  solution  to  precipitate  cobalt,  nickel,  manganese  and  zinc.    Aftar 
collecting  this  precipitate  it  is  washed  thoroughly  with  cold  hydrochloric  acid  d 
approximately  1.035  specific  gravity,  to  remove  manganese  and  zinc.    A  Bniill 
quantity  of  the  residue  is  fused  with  borax  in  the  loop  of  a  platinum  wire.   A 
blue  color  in  the  cold  bead  indicates  cobalt.    This  test  is  masked  in  the  procnBi 
of  large  quantities  of  nickel.    In  this  case  the  residue  is  dissolved  in  hydrochkiH 
acid  to  which  a  few  drops  of  nitric  acid  have  been  added  and  the  solution  evi^ 
orated  to  dr^'-ness.    The  residue  is  redissolved  in  water,  acidified  with  hydroehkrie 
acid  nnd  the  cobalt  precipitated  with  a  hot  solution  of  nitroso-betarnaphthd 
in  50%  acetic  acid.    A  brick  red  precipitate  indicates  cobalt. 

Potassium  sulphocyanate,  KCNS,  produces  a  red  color  with  cobalt.    Alcohol 
and  ether  are  added  to  this  solution  and  shaken.    The  ether  layer  is  colored. 
blue  by  cobalt.  '  If  iron  is  present  a  solution  of  sodium  thio-sulphate,  NaAObi 
is  added  until  the  red  color  disappears,  the  solution  filtered  and  then  treated  witk 
the  alcohol-ether  mixture. 

Potassium  Nitrite,  KN02,  added  to  a  neutral  or  slightly  acid  solution  eofr- 
taining  acetic  acid,  will  precipitate  cobalt  as  a  yellow  complex  nitrite  having  ; 
the  formula  K3Co(N02)6. 

A  solution  of  dicyandinmidine  stdphate  and  sodium  hydroxide  added  to  a 
cobalt  solution  to  which  anmionia  has  been  added  until  the  odor  is  distincttf 
discernible,  and  containing  from  10  to  20  cc.  of  10%  sugar  solution,  will  change 
the  color  of  the  solution  to  red  or  reddish  violet.  If  large  quantities  of  nickel 
an*  ])rosent  the  color  will  Iw  yellow  or  reddish  yellow,  after  which  the  nickel  will 
separate  out  in  brilliant  cr\'stals,  leaving  the  cobalt  in  solution,  coloring  it  ai 
describcnl  above. 

A  concentrated  solution  of  ammonium  sidphocyanate  added  to  a  cobaltoos 
solution  colors  it  blue.  On  dilution  this  becomes  pink.  Amyl  alcohol  or  a  mix- 
ture of  aiiiyl  alcohol  and  ether  1:1,  added  to  this  and  shaken,  extracts  tlui 
blue   compound.     Iron   sulphocyanate,    Fe(CNS)j,   likewise   colors    the  etlle^ 

^  Research  Chemist,  Doloro  Mining  and  Reduction  Company,  Doloro,  Ontario. 
'  If  a  relatively  large  amount  of  iron  is  pn^^nt  the  basic  acetate  method  of 
tion  is  necessar>',  as  iron  occludes  cobalt. 

140 


COBALT  141 

alcohol  extract  red,  which  may  mask  the  cobalt  blue.  By  addition  of  sodium 
carbonate  solution  ferric  hydroxide  precipitates,  while  the  cobalt  color  will  remain 
after  this  treatment. 

ESTIMATION 

Cobalt  is  usually  estimated  as  metal;  either  reduced  by  hydrogen  from  the 
ignited  oxide  or  reduced  by  electrolysis  from  an  ammoniacal  solution  of  its 
salts.  Sometimes,  however,  it  is  estimated  as  oxide;  usually  as  C03O4.  The 
reduction  of  the  oxide  by  hydrogen  may  be  carried  out  in  conjunction  with  any 
process  giving  an  oxide,  hydroxide,  carbonate,  nitrate,  chloride  or  an  organic 
compound,  as  a  final  product. 

The  reduction  of  the  metal,  in  solution,  by  electrolysis,  must  be  accomplished 
in  a  strongly  ammoniacal  solution  free  from  copper  and  nickel,  as  these  metals 
are  deposited  with  the  cobalt  on  the  cathode.  When  desirable  the  copper  and 
nickel  may  be  estimated  after  the  electrolysis  by  dissolving  the  deposit  from  the 
cathode  and  proceeding  in  the  usual  manner. 

Preparation  and  Solution  of  the  Sample 

General  Procedure  for  Ores.  The  ores  containing  cobalt  vary  so  widely 
in  their  chemical  nature  that  it  is  difficult  to  lay  down  a  method  for  treating  all 
ores.  However,  as  the  principal  ores  contain  the  cobalt  as  a  sulphide  or  arsenide 
the  same  general  methods  may  be  used  in  the  majority  of  cases.  In  all  cases  it 
is  necessary  to  prepare  the  sample  for  treatment  by  grinding  finely.  Usually 
either  of  the  above  ores  may  be  brought  into  solution  by  heating  with  strong 
nitric  acid  or  a  mixture  of  nitric  and  hydrochloric  acids,  except  silver-bearing 
ores,  which  may  usually  be  dissolved  in  a  mixture  of  nitric  and  sulphuric  acids. 

Wliile  it  is  desirable  to  use  no  more  acid  than  is  necessary  to  bring  the  sam- 
ple into  solution,  an  excess  will  not  interfere,  as  it  may  be  driven  off  by  evapora- 
tion and  in  the  event  of  determining  the  cobalt  electrolytically  it  is  essential 
that  the  solution  be  free  from  nitric  acid,  so  that  this  evaporation  becomes 
part  of  the  procedure. 

In  the  case  of  especially  refractory  ores  or  oxides  of  cobalt  or  nickel,  a  fusion 
with  potassium  bisulphate  will  usually  be  found  sufficient  as  a  preliminary  treat- 
ment to  enable  it  to  be  brought  into  solution.  Under  certain  conditions,  how- 
ever, it  has  been  found  necessary  to  fuse  the  ore  with  sodium  peroxide  in  a  silver 
crucible,  dissolving  the  cobalt  oxide  formed  in  hydrochloric  acid.  In  some^ 
what  less  refractory  ores  of  a  silicious  nature  a  preliminary  fusion  ^ith  a  mixture 
of  sodium  carbonate  and  potassium  carbonate  with  subsequent  solution  in 
hydrochloric  acid  or  sulphuric  acid,  if  the  ore  is  a  silver-bearing  one,  will  be 
found  satisfactory.   ' 

Cobalt  Oxides.  Cobalt  oxide,  gray  or  black,  may  be  fused  with  potassium 
bisulphate,  and  the  melt  leached  with  water;  or  they  may  be  treated  with  sul- 
phuric acid,  in  which  they  dissolve  slowly;  or  with  hydrochloric  acid,  in  which 
they  dissolve  more  rapidly. 

Metallic  Cobalt,  Nickel  and  Cobalt  Alloys.  Metallic  cobalt  dissolves 
readily  in  nitric  acid,  as  do  nickel  and  the  ordinary  cobalt  alloys.  There  are 
some  a]lo3r8  of  cobalt,  however,  which  require  fusion  with  sodium  peroxide  be- 
fore they  become  amenable  to  further  treatment.  Among  these  are  certain 
cobalt-chromium  alloys. 
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SEPARATIONS 

Separation  of  the  Ammonium  Sulphide  Group  Containing  Cobalt  fromH^ 
Hydrogen    Sulphide    Group — Mercury,    Lead,    Bismuth,    Copper,   Cadmim 
Arsenic,  Antimony,  Tin,  Gold,  Molybdenum,  etc. 

Hydrogen    sulpliide    passed   into   a   hydrochloric    acid   solution   cont 
from  5  to  7  cc.  of  concentrated  hydrochloric  acid  per  100  cc.  of  solution, 
cipitates  only  the  members  of  that  gioup  and  silver,  whereas  the  members  of 
subsequent  groups  remain  in  solution.    If  the  solution  is  too  acid,  lead 
cadmium  are  not  completely  precipitated. 

Separation  of  the  Ammonium  Sulphide  Group  from  the  Alkaline 
and  Alkalies.  Ammonium  sulphide,  free  from  carbonate,  added  to  a  neatnl 
solution  containing  the  above  elements  in  the  presence  of  anunonium  chkxilk^ 
precipitates  only  the  members  of  this  group;  the  alkaline  earths  metals,  m^ 
nesium  and  the  alkalies  remain  in  solution.  A  second  precipitation  should  te 
made  if  large  quantities  of  the  alkaline  earths  or  alkalies  are  present. 

Separation  of  Cobalt  and  Nickel  from  Manganese.  The  solution  of  die 
chlorides  or  sulphates  of  cobalt  or  nickel  is  tretited  with  an  excess  of  sodioi 
carbonate  and  then  made  strongly  acid  with  acetic  acid.  About  5  grams  d 
sodium  acetate  for  each  gram  of  cobalt  or  nickel  present  is  now  added,  the  solutioi 
diluted  to  200  cc.  and  heated  to  about  80°  C\  and  saturated  with  hydrogen  sol- 
phide.  Cobalt  and  nickel  arc  precipitated  as  sulphides  and  the  manguiett 
remains  in  solution.  The  filtrate  is  concentrated,  and  colorless  ammoniuA 
sulphide  added  when  the  cobalt  and  nickel  that  may  have  (massed  in  solutioa 
from  the  hydrogen  sulphide  treatment,  will  l)e  precipitated.  The  treatmoik 
should  l)e  repeated  with  the  second  filtrate  to  ensure  complete  precipitatioii  c( 
the  cobalt  and  nickel. 

Separation  of  Cobalt  from  Nickel.  Among  a  number  of  methods  for  effect- 
ing this  separation  the  following  give  good  results: 

A.  Nickel  is  removed  from  the  solution  by  precipitation  with  dimethyl- 
glyoxime.  The  details  of  the  procedure  nmy  be  found  in  the  gravimetric  methodi 
for  the  detennination  of  nickel.     Cobalt  remains  in  solution. 

B.  (^ol)alt  is  precipitated  by  nitroso-l)eta-naphthol,  leaving  nickel  in  solu- 
tion. Details  of  th(»  procedun*  are  given  under  gravimetric  methods  for  detc^ 
mi  nation  of  cobalt. 

C  Cobalt  is  j)recipitated  as  potassium  cobalti-nitrite,  nickel  remaining  m 
solution.  Details  of  the  procedure  are  given  under  gra\'imetric  methods  for 
the  determination  of  C()l)alt. 

Separation  of  Cobalt  from  Zinc.  Zinc  is  precipitated  from  weak  acetic  or 
formic  acid  solution  by  hydrogen  sulphide  as  zinc  sulphide.  Cobalt,  nicfcel 
and  manganese  remain  in  solution.  The  details  of  the  procedure  are  gi\"en  under 
the  methods  of  determination  of  zinc. 
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GRAVIMETRIC    METHODS    FOR   THE    DETERMINATION 

OF  COBALT 

Precipitation  of  Cobalt  by  Potassium  Nitrite 

Cobalt  may  be  precipitated  from  a  solution  made  slightly  acid  with  an  excess  of 
tic  acid  by  adding  a  hot  solution  of  potassium  nitrite.  The  cobalt  is  precipitated 
potassium  cobalti-nitrite,  K3Co(NOa)6,  very  completely,  after  standing  for  a 
iod  of  six  hours  in  a  warm  place.  This  method  has  the  advantage  of  making 
sible  the  separation  of  cobalt  from  nickel  and  iron,  although  it  has  the  one 
dvantage,  for  commercial  purposes,  of  requiring  a  long  time  to  complete  the 
snniDation. 

Procedure.  After  bringing  the  material  into  solution  and  separating  the 
a  azid  members  of  the  first  and  second  groups  in  the  usual  manner,  the 
tion  is  boiled  to  eliminate  hydrogen  sulphide.  Oxidize  the  iron  present 
i  a  little  hydrc^n  peroxide  and  evaporate  the  solution  to  a  syrup.  Take 
D  a  little  water  and  neutralize  with  a  practically  saturated  solution  of  sodium 
lonate.  Render  slightly  acid  with  acetic  acid  and  add  an  excess  of  1  :  1 
ic  acid.  Heat  to  almost  boiling  and  add  solution  of  50%  potassium  nitrite 
jdning  100  cc.  of  glacial  acetic  acid  per  liter,  also  heated  to  nearly  boiling. 
I  solution  should  be  added  slowly  to  the  solution  of  the  sample  which  should 
ft|(itated,  preferably  by  rotating  gently  while  the  addition  is  being  made. 
:  sides  of  the  beaker  should  be  washed  down  with  a  1%  solution  of  potassium 
ite  containing  1  cc.  of  glacial  acetic  acid  per  liter.  Allow  to  stand  for  at 
i  six  hours  and  if  possible  overnight.  Filter  through  thick  Swedish  filter 
er  without  previous  wetting.  As  this  precipitate  shows  a  very  decided 
iency  to  creep,  considerable  care  is  required  to  keep  it  well  down  in  the  apex 
he  filter-paper  cone.  Wash  about  ten  times  with  the  warm  nitrite  solution 
itioned  above.  Transfer  to  a  beaker  by  removing  the  filter  paper  from  the 
nel  and  opening  it  into  the  beaker  with  the  outside  of  the  paper  against  the 
B.  This  leaves  it  in  a  convenient  position  for  washing.  The  bulk  of  the 
ri^Mtate  is  washed  off  with  10  cc.  of  1  :  1  sulphuric  acid,  heated  to  about  80®  C. 
s  should  leave  only  a  slight  film  of  precipitate  on  the  paper.  Keep  the  solution 
lie  beaker  at  about  80®  C.  to  assist  in  dissolving  the  precipitate  and  wash 
paper  with  the  hot  sulphuric  acid  solution  five  times,  using  about  10  cc.  each 
e.  Gradually  withdraw  the  filter  paper  from  the  top  of  the  beaker  during  the 
hing  operation.    Give  the  paper  a  final  wash  with  hot  water  and  squeeze  the 

drops  from  it  into  the  beaker.  Evaporate  and  allow  to  fume  strongly  for 
minutes.  Set  the  beaker  in  a  cooUng  trough  and  add  water  until  the  volume 
ibout  doubled.  Neutralize  and  make  slightly  ammoniacal  and  then  add 
excess  of  50  cc.  of  strong  ammonia  and  elcctrolyze  as  described  under  Elec- 
I'sis  in  Reduction  of  Cobalt  by  P^lectrolysls,  pagd  144. 

Precipitation*  of  Cobalt  by   Nitroso-beta-Naphthol  ^ 

Xitroeo-beta-naphthol,  CioH«(NOH),  added  to  a  hydrochloric  acid  solution  of 
Edt,  precipitates  cobalti-nitroso-beta-naphthol,  Co(CioH60(NO))3;  nickel,  if 
icnt,  remains,  in  solution.  The  method  is  especially  suitable  for  the  detcr- 
ation  of  small  amounts  of  cobalt  in  the  presence  of  comparatively  large 
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amounts  of  nickel.    The  cobalt  precipitate  is  voluminous,  so  that  the 
taken  for  the  determination  should  not  contain  over  0.1  gram  of  cobalt. 
reagent  will  also  precipitate  copper  and  iron  completely  from   solution 
silver,  bismuth,  chromium  and  tin  partially;  but  mercury,  lead,  cadmium, 
antimony,  aluminum,  manganese,  nickel,   glucinum,  calcium  and  magDU 
remain  in  solution.  ^^ 

Procedure.  To  the  solution  containing  the  cobalt  is  added  a  freshly  prepft^^^ 
hot  solution  of  nitroso-beta-naphthol,  in  50%  acetic  acid,  as  long  as  a  pivoS^fi 
tate  is  produced.  After  allowing  it  to  settle,  more  of  the  reagent  is  added  J^j 
insure  complete   precipitation   of  the   cobalt.    The  compound   is  allowed  ^^- 


settle  for  two  of  three  hours,  the  clear  solution  decanted  through  a  filter  audi 
precipitate  washed  by  decantation  with  cold  water,  then  with  warm  12%  bjrin^^ 
chloric  acid  solution  to  remove  the  nickel,  and  finally  with  hot  water  until  &M< 
acid. 

The  brick-red  precipitate  is  dried,  then  ignited  in  a  weighed  platinum 
cible  (Rose  crucible),  first  over  a  low  flame  and  finally  at  a  white  heat,  tb; 
crucible  being  covered  by  a  platinum  cover  (Rose  crucible  type)  with  a  plat 
tube,  through  which  is  passed  a  slow  current  of  oxygen.    The  residue  is  wei^ifll, 
as  C03O4.    The  oxide  may  be  reduced  in  a  current  of  hydrogen  and  weigjied 
metallic  cobalt.    Ignited  in  the  presence  of  CO2  the  oxide  CoO  is  formed. 

Precipitation  of  Cobalt  by  Electrolysis^ 

Metallic  (;obalt  is  readily  deposited  from  an  ammoniacal  solution  of  ths 
sulphate,  but  in  the  presence  of  copper  and  nickel  these  are  also  completely  pifr 
cipitated  on  the  cathode;  so,  in  case  it  is  desired  to  detennine  the  cobalt  akoa 
it  is  necessary  to  separate  these  metals  from  the  solution  before  electrolysiB  or  ta 
determine  them  separately  after  electrolysis  in  a  solution  of  the  metallic  depont 
In  pra<»tice  the  copi)er  is  usually  separated  Ixjfore  electrolysis  and  the  nicM,  V 
detennined  separately,  is  estimated  afterward  by  one  of  the  methods  given  under 
Nickel,  the  cathode  deposit  being  dissolved  for  this  purpose. 

Procedure.  After  preparation  and  solution  of  the  sample  the  usual  sefMh 
rations  with  hydrogen  sulphide  in  acid  solution  are  made  if  necessary.  In 
most  cases  it  is  necessary  to  pass  hydrogen  sulphide  through  the  warmed  sohi- 
tion  for  at  least  one  hour  to  insure  the  complete  precipitation  of  arsenic,  filtef 
and  boil  to  exix^  hydrogen  sulphide.  Add  5  cc.  hydrogen  peroxide  to  iiwun 
oxidation  of  iron  compounds  to  ferric  state  and  add  ammonium  hydroxide  until 
slightly  alkalhie  to  litmus.  Filter  off  ferric  hydroxide  and  wash  with  water 
containing  a  small  quantity  of  ammonium  hydroxide.  Redissolve  and  repre* 
eipitatc  this  ferric  hydroxide  in  the  above  manner,  using  a  little  hydrogen  p»- 
oxide  in  each  instance,  until  the  last  traces  of  cobalt  have  been  removed  from  it) 
keeping  the  filtrates,  which  should  he  as  small  as  possible,  to  add  to  the  miiii 
filtrate.     If  much  iron  is   present  this  is  best  removed  as  the  basic  acetate. 

Electrolysis.  If  the  treatment  of  the  iron  precipitate  has  made  a  large 
vokune  of  solution  this  may  be  reduced  by  evaporation,  after  which  50  cc.  of 
strong  ammonia  are  added  and  the  solution  elect rolyzed,  using  direct  current  d 
1  volts  and  0.5  ami>ere  i)er  square  decimeter.  The  electrodes  should  be 
])lnt  iiHun,  the  anode  a  spiral  wire  and  the  cathode  either  a  hollow  cylinder  or  a 
cylindncal  gauze.    By  agitating  the  solution,  raising  the  voltage  and  the  ciu>- 
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GRAVIMETRIC    METHODS    FOR   THE    DETERMINATION 

OF  COBALT 

Precipitation  of  Cobalt  by  Potassium  Nitrite 

Cobalt  may  be  precipitated  from  a  solution  made  slightly  acid  with  an  excess  of 
acetic  acid  by  adding  a  hot  solution  of  potassium  nitrite.  The  cobalt  is  precipitated 
as  potassium  cobalti-nitrite,  K3Co(NOs)«,  very  completely,  after  standing  for  a 
period  of  six  hours  in  a  warm  place.  This  method  has  the  advantage  of  making 
possible  the  separation  of  cobalt  from  nickel  and  iron,  although  it  has  the  one 
disadvantage,  for  commercial  purposes,  of  requiring  a  long  time  to  complete  the 
determination. 

Procedure.  After  bringing  the  material  into  solution  and  separating  the 
silica  and  members  of  the  first  and  second  groups  in  the  usual  manner,  the 
solution  is  boiled  to  eliminate  hydrogen  sulphide.  Oxidize  the  iron  present 
with  a  little  hydrogen  peroxide  and  evaporate  the  solution  to  a  syrup.  Take 
up  in  a  little  water  and  neutralize  with  a  practically  saturated  solution  of  sodium 
carbonate.  Render  slightly  acid  with  acetic  acid  and  add  an  excess  of  1  :  1 
acetic  acid.  Heat  to  almost  boiling  and  add  solution  of  50%  potassium  nitrite 
containing  100  cc.  of  glacial  acetic  acid  per  liter,  also  heated  to  nearly  boiling. 
This  solution  should  be  added  slowly  to  the  solution  of  the  sample  which  should 
be  agitated,  preferably  by  rotating  gently  while  the  addition  is  being  made. 
The  sides  of  the  beaker  should  be  washed  down  with  a  1%  solution  of  potassium 
nitrite  containing  1  cc.  of  glacial  acetic  acid  per  liter.  Allow  to  stand  for  at 
least  six  hours  and  if  possible  overnight.  Filter  through  thick  Swedish  filter 
paper  without  previous  wetting.  As  this  precipitate  shows  a  very  decided 
tendency  to  creep,  considerable  care  is  required  to  keep  it  well  down  in  the  apex 
of  the  filter-paj)er  cone.  Wash  about  ten  times  with  the  warm  nitrite  solution 
mentioned  above.  Transfer  to  a  beaker  by  removing  the  filter  paper  from  the 
funnel  and  opening  it  into  the  beaker  with  the  outside  of  the  paper  against  the 
(rlass.  This  leaves  it  in  a  convenient  position  for  washing.  The  bulk  of  the 
precipitate  is  washed  off  with  10  cc.  of  1  :  1  sulphuric  acid,  heated  to  about  80*  C. 
This  should  leave  only  a  slight  film  of  precipitate  on  the  paper.  Keep  the  solution 
in  the  beaker  at  about  80*  C.  to  assist  in  dissolving  the  precipitate  and  wash 
the  paper  with  the  hot  sulphuric  acid  solution  five  times,  using  about  10  cc.  each 
time.  Gradually  withdraw  the  filter  paper  from  the  top  of  the  beaker  during  the 
washing  operation.  Give  the  paper  a  final  wash  with  hot  water  and  squeeze  the 
laj^t  drops  from  it  into  the  beaker.  Evaporate  and  allow  to  fume  strongly  for 
ten  minutes.  Set  the  beaker  in  a  cooling  trough  and  add  water  until  the  volume 
is  about  doubled.  Neutralize  and  make  slightly  ammoniacal  and  then  add 
an  excess  of  50  cc.  of  strong  ammonia  and  electrolyze  as  described  under  Elec- 
trolysis in  Reduction  of  Cobalt  by  Electrolysis,  pagd  144. 

Precipitation-  of  Cobalt  by   Nitroso-beta-NaphthoH 

Nitroeo-beta-naphthol,  CioH«(NOH),  added  to  a  hydrochloric  acid  solution  of 
cobalt,  precipitates  cobalti-nitroso-beta-naphthol,  Co(CioH60(NO))3;  nickel,  if 
present,  remains,  in  solution.  The  method  is  especially  suitable  for  the  deter- 
mination of  small  amounts  of  cobalt  in  the  presence  of  comparatively  large 
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amounts  of  nickel.  The  cobalt  precipitate  is  voluminous,  so  that  the  sample 
taken  for  the  determination  should  not  contain  over  0.1  gram  of  cobalt.  The 
reagent  will  also  precipitate  copper  and  iron  completely  from  solution,  and 
silver,  bismuth,  chromium  and  tin  partially;  but  mercury,  lead,  cadmium,  arsenic, 
antimony,  aluminum,  manganese,  nickel,  glucinum,  calcium  and  magnesium 
remain  in  solution. 

Procedure.  To  the  solution  containing  the  cobalt  is  added  a  freshly  prepiared 
hot  solution  of  nitroso-beta-naphthol,  in  50%  acetic  acid,  as  long  as  a  precipi- 
tate is  produced.  After  allowing  it  to  settle,  more  of  the  reagent  is  added  to 
insure  complete  precipitation  of  the  cobalt.  The  compound  is  allowed  to 
settle  for  two  of  three  hours,  the  clear  solution  decanted  through  a  filter  and  the 
precipitate  washed  by  decantation  with  cold  water,  then  with  warm  12%  hydro- 
chloric acid  solution  to  remove  the  nickel,  and  finally  with  hot  water  until  free  of 
acid. 

The  brick-red  precipitate  is  dried,  then  ignited  in  a  weighed  platinum  cru- 
cible (Rose  crucible),  first  over  a  low  flame  and  finally  at  a  white  heat,  the 
crucible  being  covered  by  a  platinum  cover  (Rose  crucible  tyi>e)  with  a  platinum 
tube,  through  which  is  passed  a  slow  current  of  oxygen.  The  residue  is  weighed 
as  C03O4.  The  oxide  may  be  reduced  in  a  current  of  hydrogen  and  weighed  as 
metallic  cobalt.    Ignited  in  the  presence  of  COa  the  oxide  CoO  is  formed. 

Precipitation  of  Cobalt  by  Electrolysis^ 

Metallic  cobalt  is  readily  deposited  from  an  ammoniacal  solution  of  the 
sulphate,  but  in  the  presence  of  copper  and  nickel  these  are  also  completely  pre- 
cipitated on  the  cathode;  so,  in  case  it  is  desired  to  determine  the  cobalt  alone 
it  is  necessary  to  separate  these  metals  from  the  solution  before  electrol3rsis  or  to 
detennine  them  separately  after  electrolysis  in  a  solution  of  the  metallic  deposit. 
In  practice  the  copper  is  usually  separated  before  electrolysis  and  the  nickel,  if 
determined  separately,  is  estimated  afterward  by  one  of  the  methods  given  under 
Nickel,  the  cathode  deposit  being  dissolved  for  this  purpose. 

Procedure.  After  preparation  and  solution  of  the  sample  the  usual  sepa- 
rations with  hydrogen  sulphide  in  acid  solution  are  made  if  necessary.  In 
most  cases  it  is  necessary  to  pass  hydrogen  sulphide  through  the  warmed  solu- 
tion for  at  least  one  hour  to  insure  the  complete  precipitation  of  arsenic.  Filter 
and  boil  to  expel  hydrogen  sulphide.  Add  5  cc.  hydrogen  peroxide  to  insure 
oxidation  of  iron  compounds  to  ferric  state  and  add  ammonium  hydroxide  until 
slightly  alkaline  to  litmus.  Filter  off  ferric  hydroxide  and  wash  with  water 
containing  a  small  quantity  of  ammonium  hydroxide.  Redissolve  and  repre- 
cipitate  this  ferric  hydroxide  in  the  above  manner,  using  a  little  hydrogen  per- 
oxide in  each  instance,  until  the  last  traces  of  cobalt  have  been  removed  from  it, 
keeping  the  filtrates,  which  should  be  as  small  as  possible,  to  add  to  the  main 
filtrate.     If  much  iron  is  present  this  is  best  removed  as  the  basic  acetate. 

Electrolysis.  If  the  treatment  of  the  iron  precipitate  has  made  a  large 
volume  of  solution  this  may  be  reduced  by  evaporation,  after  which  50  cc.  of 
strong  ammonia  are  added  and  the  solution  electrolyzed,  using  direct  current  of 
2  volts  and  0.5  ampere  per  square  decimeter.  The  electrodes  should  be 
platinum,  the  anode  a  spiral  wire  and  the  cathode  either  a  hollow  cylinder  or  a 
cylindrical  gauze.    By  agitating  the  solution,  raising  the  voltage  and  the  cur- 
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rent  density,  the  rate  of  deposition  may  be  increased.  In  a  properly  agitated 
solution  the  deposition  may  be  completed  in  forty-five  minutes. 

The  current  should  not  be  cut  off  until  the  solution  is  tested  to  determine 
if  the  electrolysis  is  complete.  This  is  done  by  mixing  a  drop  or  two  of  the 
solution  from  the  end  of  a  stirring  rod  with  a  few  drops  of  ammonium  sulphide. 
If  the  electrolysis  is  complete  the'  mixture  will  remain  colorless,  but  if  .some 
cobalt  still  remains  in  the  solution  the  mixture  will  be  darkened.  After  the 
eIectrol3rsis  is  complete  the  cathode  is  carefully  removed  from  the  solution  and 
dipped  into  a  beaker  of  clean  water,  after  which  it  is  washed  with  alcohol,  pref- 
erably ethyl  alcohol. 

If  a  large  number  of  electrolytic  determinations  are  to  be  made,  it  is  con- 
venient to  have  a  wide-mouthed  bottle  with  a  well-ground-in  glass  stopper  or  a 
cork  stopper  for  holding  the  alcohol  for  the  preliminary  washing.  The  mouth 
should  be  large  enough  to  receive  the  cathode  without  pouring  out  the  alcohol. 
The  cathode  may  be  lowered  into  the  alcohol  in  this  bottle,  which  should  only 
be  partly  filled,  and  then  rinsed  again  by  pouring  fresh  alcohol  over  it  and  allow- 
ing it  to  drain  into  the  wide-mouth  bottle.  This  allows  a  great  many  cathodes 
to  be  washed  with  a  comparatively  small  quantity  of  alcohol.  Directly  after  the 
final  washing  with  alcohol  the  cathode  is  passed  through  the  fiame  of  a  Bunsen 
burner  and  the  alcohol  ignited.  After  this  is  entirely  burned  off  the  cathode 
is  placed  in  a  desiccator  to  cool  and  when  cool  is  weighed.  The  increase  in  weight 
of  the  cathode  is  the  weight  of  cobalt  in  the  sample  if  the  solution  had  been  free 
from  nickel  before  electrolysis.  If  the  nickel  remained  in  the  solution  the  increase 
in  weight  of  the  cathode  represents  the  cobalt  and  nickel  in  the  sample.  If  it 
is  desired  to  determine  the  cobalt  and  nickel  together  the  increase  in  weight  of  the 
cathode  is  divided  by  the  weight  of  the  sample  and  multiplied  by  100  to  obtain 
the  percentage.  If  it  is  desired  to  obtain  the  percentage  of  cobalt  separately, 
the  plate  is  dissolved  from  the  cathode  in  a  few  cc.  of  nitric  acid  and  the  nickel 
determined  in  the  resulting  solution  by  precipitation  with  dimethyl-glyoxime 
as  described  in  the  chapter  on  Nickel,  after  which  the  cobalt  is  found  by 
difference. 

Cobalt  in  Cobalt  Oxide  ^ 

One  gram  of  finely  ground  cobalt  oxide  is  either  fused  with  10  grams  of  potas- 
sium bisulphate  or  heated  with  20%  sulphuric  acid  until  dissolved.  If  the 
fusion  method  is  used  the  melt  is  extracted  with  water  and  acidified  with  sulphuric 
acid.  Arsenic  and  copper  are  precipitated  by  passing  hydrogen  sulphide  through 
the  warmed  solution,  which  should  be  diluted  to  about  200  cc.  for  about  one 
hour.  These  are  removed  by  filtration  and  the  cobalt  determinated  by  one  of  the 
above  methods.    The  following  procedure  is  one  of  the  most  satisfactory: 

Procedure.  If  it  is  desired  to  determine  the  nickel  separately,  as  is  usually 
the  case,  this  is  first  precipitated  with  dimethylglyoxime  as  described  in  the 
chapter  on  Nickel,  after  boiling  the  solution  to  expel  hydrogen  sulphide.  It  is 
then  evaporated  to  fumes  of  sulphur  trioxide  and  taken  up  with  twice  its  volume 
of  water.  The  free  acid  is  neutralized  with  ammonium  hydroxide  and  an  excess 
of  50  cc.  of  strong  ammonium  hydroxide  added.  The  solution  is  made  up  to 
250  cc.  and  electrolyzed  as  under  Precipitation  of  Cobalt  by  Electrolysis. 

*  R.  W.  Landrum,  Proc.  Am.  Ceramic  Soc,  12,  1910. 
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Cobalt  in  Steel 

This  determination  is  a  modification  of  the  nitroso-beta-naphthol  method  I 
already  described,  as  worked  out  in  the  laboratory  of  the  Firth  Stirling  Sted] 
Company,  McKeesport,  Pa.  The  procedure  as  described  by  Mr.  Giles,  Chief' 
Chemist,  is  as  follows. 

Two  grams  of  the  sample  are  weighed  into  a  SOQ-cc.  Erlenmeyer  flask  anl 
dissolved  in  50  cc.  of  concentrated  hydrochloric  acid.    "VMicn  the  sample  ii 
completely  decomposed  10  cc.  of  concentrated  nitric  acid  are  added  to  oiidi» 
the  iron,  tungsten,  etc.    The  solution  is  evaporated  to  10  cc;  50  cc.  of  witsj 
are  added;  the  contents  of  the  flask  are  then  transferred  to  a  500-cc.  volumetiie 
flask  and  cooled  to  room  temperature.    A  fresh  solution  of  zinc  oxide  is  added'^ 
in  slight  excess,  the  contents  of  the  flask  diluted  to  the  mark,  well  mixed,  tn» 
ferred  back  to  the  original  Erlenmeyer  flask  and  allowed  to  settle.    Filter  2Si-; 
cc.  (equivalent  to  1  gram  of  the  sample)  through  a  dry  Alter  paper,  tnoflfer  ft'j 
to  a  500-cc.  flask,  then  add  6  cc.  of  concentrated  hydrocliloric  acid. 

The  solution,  which  should  now  be  between  300  and  350  cc.  in  vohime,  ■ 
heated  to  boiling  and  10  cc.  of  freshly  prepared  solution  of  nitroso-beta-^iaphdid 
(1  gram  of  salt  to  10  cc.  glacial  acetic  acid)  are  added  for  each  0.025  gninrf! 
cobalt  present.  Continue  to  heat  for  two  minutes,  remove  from  plate,  ahab 
well,  and  set  aside  until  the  bright  red  precipitate  settles,  which  will  (Mii|y  tab 
a  few  minutes.  Filter  the  hot  solution  and  wash  the  flask  out  with  hot  1 :1 
hydrochloric  acid  and  then  wash  the  flask  out  with  hot  acid  of  the  same  strenglLj 
Wash  the  paper  alternately  with  hot  (1:1)  hydrochloric  acid  and  hot  wat 
until  it  has  been  washed  five  times  with  the  acid,  then  wash  ten  times  with  bit 
water.  The  precipitate  is  transferred  to  a  quartz  or  porcelain  cniciUe,  heatod 
gently  to  expel  the  carbonaceous  matter,  then  at  a  high  temperature  until  ignitioa 
is  complete.  After  cooling  the  crucible  is  weighed  and  the  weight  of  the  rente 
(C03O4)  is  multiplied  by  0.734  to  obtain  the  percentage  of  cobalt  pieaent  H 
desired  the  C03O4  may  be  reduced  in  hydrogen  and  weighed  as  metal. 


COPPER 

Wilfred  W.  Scott  and  W.  G.  Derby. 

Co,  o^.wt.  63JS7;  9p.gr.  8.89^'';  m.p.  1083  (in  air  1065);  &.p.  2310; 

oxidet  CUsO  arul  CuO. 

DETECTION 

Copper  is  precipitated  in  an  acid  solution  by  HsS  gas,  along  with  the  other 
mbers  of  the  hydrogen  sulphide  group.  The  insolubility  of  its  sulphide 
sodhiin  sulphide  is  a  means  of  separating  copper  from  arsenic,  antimony,  and 
.  The  sulphide  dissolves  in  nitric  acid  (separation  from  mercury)  along  with 
d,  bismuth,  and  cadmium.  Lead  is  precipitated  as  PbS04  by  sulphuric  acid 
d  bismuth  as  the  hydroxide,  Bi(0H)3,  upon  adding  ammonium  hydroxide. 
ipper  passes  into  the  filtrate,  coloring  this  solution  blue, 

Cu(OH),  .2NH4OH .  (NH4),S04. 
Flame  Test.    Substances  containing  copper  (sulphides  oxidized  by  roasting), 
moistened  with  hydrochloric  acid  and  heated  on  a  platinum  wire  in  the 
iy  give  a  blue  color  in  the  reducing  flame  and  a  green  tinge  to  the  oxidizing 


Wet  Tests.  Nitric  acid  dissolves  the  metal  or  the  oxides  (sulphides  should 
B  roasted),  forming  a  green  or  bluish-green  solution.  Ammonium  hydroxide 
dded  to  this  solution  will  precipitate  a  pale  blue  compound,  which  dissolves 
I  excess  with  the  formation  of  a  blue  solution.     (Nickel  also  gives  a  blue  color.) 

HjdrofHi  so^hide,  US,  passed  into  an  acid  solution  containing  copper, 
■eeipitates  a  brownish-black  siilphide,  CuS.     (Distinction  from  nickel.) 

Copper  is  displaced  from  its  solution  by  zinc,  cadmium,  tin,  aluminum,  lead, 
WEmuth,  iron,  cobalt,  nickel,  magnesiiun,  and  phosphorus.  From  a  potassium 
lydroxide  solutaon  it  is  precipitated  by  KsSnO^.  If  a  strip  of  iron  is  placed  in  a 
lolution  of  ec^per,  neutral  or  slightly  acid,  it  will  be  coated  over  with  metallic 
copper.     (Ddicacy  1  part  Cu  per  120,000  of  solution.) 

The  greenish-blue  cupric  salts  in  acid  solution  are  reduced  to  the  colorless 
mprous  compounds  by  metallic  copper  and  by  stannous  chloride  and  by 
srsenious  acid,  grape  sugar,  sulphurous  acid  in  alkaline  solutions. 

ESTIMATION 

The  estimation  of  copper  is  required  in  the  following  substances:  In  ores^ 
0/  copper,  in  which  it  occurs  as  native  copper  or  combined  as  sulphide,  oxide, 
carbonate,  chloride,  and  silicate.  In  furnace  slags,  mattes,  concentrates,  blister 
copper,  bottoms.    The  determination  of  copper  is  required  in  the  analysis  of 


(green  vitreous). 
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Cobalt  in  Steel 

This  determination  is  a  modification  of  the  nitroso-beta-naphthol  method 
already  described,  as  worked  out  in  the  laboratory  of  the  Firth  Stirling  Steel 
Company,  McKeesport,  Pa.  The  procedure  as  described  by  Mr.  Giles,  Chief 
Chemist,  is  as  follows. 

Two  grams  of  the  sample  are  weighed  into  a  500-cc.  Erienmeyer  flask  and 
dissolved  in  50  cc.  of  concentrated  hydrochloric  acid.  WTien  the  sample  is 
completely  decomposed  10  cc.  of  concentrated  nitric  acid  are  added  to  oxidize 
the  iron,  tungsten,  etc.  The  solution  is  evaporated  to  10  cc;  50  cc.  of  water 
are  added;  the  contents  of  the  flask  are  then  transferred  to  a  500-cc.  volumetric 
flask  and  cooled  to  room  temperature.  A  fresh  solution  of  zinc  oxide  is  added 
m  slight  excess,  the  contents  of  the  flask  diluted  to  the  mark,  well  mixed,  trans- 
ferred back  to  the  original  Erienmeyer  flask  and  allowed  to  settle.  Filter  250 
cc.  (equivalent  to  1  gram  of  the  sample)  through  a  dry  filter  paper,  transfer  it 
to  a  500-cc.  flask,  then  add  6  cc.  of  concentrated  hydrochloric  acid. 

The  solution,  which  should  now  be  between  300  and  350  cc.  in  volume,  is 
heated  to  boiling  and  10  cc.  of  freshly  prepared  solution  of  nitroso-beta-naphthol 
(1  gram  of  salt  to  10  cc.  glacial  acetic  acid)  are  added  for  each  0.025  gram  of 
cobalt  present.  Continue  to  heat  for  two  minutes,  remove  from  plate,  shake 
well,  and  set  aside  until  the  bright  red  precipitate  settles,  which  will  only  take 
a  few  minutes.  Filter  the  hot  solution  and  wash  the  flask  out  with  hot  1  :  1 
hydrochloric  acid  and  then  wash  the  flask  out  with  hot  acid  of  the  same  strength. 
Wash  the  paper  alternately  with  hot  (1:1)  hydrochloric  acid  and  hot  water 
until  it  has  been  washed  five  times  with  the  acid,  then  wash  ten  times  with  hot 
water.  The  precipitate  is  transferred  to  a  quartz  or  porcelain  crucible,  heated 
gently  to  expel  the  carbonaceous  matter,  then  at  a  high  temperature  until  ignition 
is  complete.  After  cooling  the  crucible  is  weighed  and  the  weight  of  the  residue 
(Coa04)  is  multiplied  by  0.734  to  obtain  the  percentage  of  cobalt  present.  If 
desired  the  Cos04  may  be  reduced  in  hydrogen  and  weighed  as  metal. 
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Wilfred  W.  Scott  and  W.  G.  Derby. 

Cu,  otMt.  63.57;  9p.gr.  8.89^'';  m.p.  1083  (in  air  1065);  b.p.  2310; 

oxidet  CusO  and  CuO. 

DETECTION 

Copper  is  precipitated  in  an  acid  solution  by  HsS  gas,  along  with  the  other 
members  of  the  hydrogen  sulphide  group.  The  insolubility  of  its  siilphide 
in  sodium  siilphide  is  a  means  of  separating  copper  from  arsenic,  antimony,  and 
tin.  The  sulphide  dissolves  in  nitric  acid  (separation  from  mercury)  along  with 
lead,  bismuth,  and  cadmixmi.  Lead  is  precipitated  as  PbS04  by  sulphuric  acid 
and  bismuth  as  the  hydroxide,  Bi(0H)3,  upon  adding  ammonium  hydroxide. 
Copper  passes  into  the  filtrate,  coloring  this  solution  blue, 

Cu(OH),  .2NH4OH .  (NH4)tS04. 

Flame  Test.  Substances  containing  copper  (sulphides  oxidized  by  roasting), 
when  moistened  with  hydrochloric  acid  and  heated  on  a  platinum  wire  in  the 
flame,  give  a  blue  color  in  the  reducing  flame  and  a  green  tinge  to  the  oxidizing 
flame. 

Wet  Tests.  Nitric  acid  dissolves  the  metal  or  the  oxides  (sulphides  should 
be  roasted),  forming  a  green  or  bluish-green  solution.  Ammonium  hydroxide 
added  to  this  solution  will  precipitate  a  pale  blue  compound,  which  dissolves 
in  excess  with  the  formation  of  a  blue  solution.    (Nickel  also  gives  a  blue  color.) 

Hydrogen  sulphide,  HsS,  passed  into  an  acid  solution  containing  copper, 
precipitates  a  brownish-black  sulphide,  CuS.     (Distinction  from  nickel.) 

Copper  is  displaced  from  its  solution  by  zinc,  cadmium,  tin,  alilminum,  lead, 
bismuth,  iron,  cobalt,  nickel,  magnesiiun,  and  phosphorus.  From  a  potassium 
hydroxide  solution  it  is  precipitated  by  KsSnOi.  If  a  strip  of  iron  is  placed  in  a 
solution  of  copper,  neutral  or  slightly  acid,  it  will  be  coated  over  with  metallic 
copper.     (Delicacy  1  part  Cu  per  120,000  of  solution.) 

The  greenish-blue  cupric  salts  in  acid  solution  are  reduced  to  the  colorless 
cuprous  compounds  by  metalUc  copper  and  by  stannous  chloride  and  by 
flrsenious  acid,  grape  sugar,  sulphurous  acid  in  alkaline  solutions. 

ESTIMATION 

The  estimation  of  copper  is  required  in  the  following  substances:  In  ores^ 
of  copper,  in  which  it  occurs  as  native  copper  or  combined  as  sulphide,  oxide, 
carbonate,  chloride,  and  silicate.  In  furnace  slags,  mattes,  concentrates,  blister 
copper,  bottoms.    The  determination  of  copper  is  required  in  the  analysis  of 

"Ores,  copper  pyrites,  yellow  copper  ore,  CuFeSj;  copper  glance,  CujS  (gray  to 
bluish-black);  malachite,  CuCOiCuOH  H2O  (green):  azurite,  2CUCO3CUOH2O 
(blue);  cuprite,  red  copper,  CusO;  malaconite,  CuO  (black);  dioptase,  CuOSiO-HsO 
(green  vitreous). 
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alloys  containing  copper,^  brass,  bronze,  etc.     It  in  occasionally  looked  for 
an  undesirable  impurity  in  food  products.     It  is  determined  in  salts  of  copp  ^{ 
in  insecticides,  germicides,  etc. 

Preparation  and  Solution  of  the  Sample 

.41 

Hydrochloric  and  sulphuric  acids  are  effective  in  dissolving  metallic  copp 
only  in  presence  of  an  oxidizing  agent;  nitric  acid  is  the  most  active  solvent.  TI 
oxides  of  copper  may  be  dissolved  in  hydrochloric  or  sulphuric  acid,  but  nitr. 
acid  is  commonly  used. 

Ores.  If  the  ore  consists  practically  of  a  single  mineral,  the  fineness  of  th 
sample  need  not  exceed  80  mesh.  If  the  ore  is  a  mixture  of  jninerals,  lean  an> 
rich  in  copper,  the  laboratory  sample  should  pass  a  120-mesh  w,'ve. 

Metallic  particles  or  masses  are  separated  at  some  stage  in  the  process  o 
sampling  and  made  into  a  separate  sample.     If  the  metallic  '^n  is  a  smal 

percentage  of  the  total  sample  and  consists  of  particles,  *  -  value  a 

which  is  known  to  vary  by  a  few  percent,  no  attempt  is  made  ic  the  sample 

of  such,  but  a  large  portion,  10-100  grams,  is  taken  for  anal}' ..  and  the  copper 
determined  in  an  aliquot  part  of  the  solution.  If  the  metallic  'nasses  are  a  largs 
percentage  of  the  sample,  large  of  size,  or  consisting  of  particles  differing  widely 
in  copper  content,  a  weighed  amount  of  1  to  50  lbs.  is  melted  in  a  graphite  crucible, 
with  addition  of  suitable  fluxes,  such  as  powdered  silica  or  hme,  if  necessary.  • 
Separate  samples  are  made  of  the  weighed  products  of  the  fusion,  and  the  copper 
content  of  the  material  before  melting  calculated  from  their  analyses.  The  amount 
of  the  sample  taken  for  analysis  depends  upon  the  richness  of  the  ore;  as  a  general 
rule  0.5  to  1  gram  sample  is  taken  of  ores  containing  over  30%  copper,  2  grams 
of  10  to  30%  copper  ores  and  5  grams  of  ores  containing  less  tuan  10%  copper. 

Sulphide  Ores.  Copper  Pyrites,  Copper  Glance,  Iron  Pydtes,  etc.  One 
to  five  grams  of  the  finely  ground  ore  is  dissolved  in  a  flask  by  adding  10  tc  20 
cc.  of  dilute  nitric  acid  (sp.gr,  1.2),  wanning  gentlv  for  about  fifteen  minutes. 
The  solution  is  evaporated  to  small  volume  and  nitric  acid  expelled  by  either 
taking  to  dr>^lcss,  after  adding  hydrochloric  acid,  or  to  SOs  fumes,  upon  the 
addition  of  6  to  10  cc.  of  dilute  sulphuric  acid,  1:1.  In  presence  of  lead  the 
latter  procedure  is  recommended. 

The  residue  is  taken  up  with  20  cc.  of  water  acidulated  with  sulphuric  acid 
(10%)  diluted  to  about  150  cc.  and  the  mixture  brought  to  boiling.  Lead  sul- 
phate, if  present,  is  filtered  off  together  with  silica,  and  copper  passes  into  the 
solution. 

Copper  may  now  be  separated  from  other  interfering  elements  by  one  of 
the  procedures  outlined  under  Separations,  then  determined  gravimetrically 
or  volumetrically. 

Notes.  The  sulphur  that  appears  upon  adding  acid  to  the  ore,  with  proper 
precautions,  should  he  yellow.  If  it  is  dark  and  opaque,  the  solution  has  been  over- 
neated,  and  some  of  the  ore  has  been  occluded.  It  is  advisable  in  this  case  to  remove 
the  globule  of  sulphur  and  oxidize  it  separately  with  bromine  and  nitric  acid,  then 
boil  out  the  bromine  and  add  the  solution  to  the  rest  of  the  sample. 

Sulphide  ore^  may  be  tnuited  apcording  to  the  procedure  recommended  for  iron 
pjrrites  in  the  chapter  on  Sulphur,  the  ore  being  decomposed  with  a  mixture  of  bro- 
mine and  carbon  tetrachloride,  2  : 3,  followed  by  nitric  acid  and  then  sulphuric  acid. 

1  Alloys  of  zinc,  tin  and  zinc,  aluminum,  silver,  nickel,  manganese,  and  gold. 
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1  Matte.  0.5  to  1  gram  of  the  fine  sample  is  dissolved  in  nitric  acid  and 
[  Evaporated  with  sulphuric  acid  as  in  case  of  ores. 

Oxidized  Ores,  Oxides,  etc.  The  sample  is  dissolved  in  nitric  acid  and 
evaporated  with  dilute  sulphuric  acid  to  pastiness,  and  then  heated  to  SO3 
fumes.  P'requently  a  direct  treatment  with  dilute  sulphuric  acid  or  with  hydro- 
chloric acid  may  be  employed. 

Treatment  of  Matte  Slag.  Only  by  quick  quenching  of  the  molten  slag  is 
decomposition  of  the  sample  by  acids  made  possible,  without  preliminary  treat- 
ment with  hydrofluoric  acid.  As  a  rule  lime  slags  are  readily  decomposed  by 
mixed  acids.  Elxtremely  acid,  or  iron  slags,  are  apt  to  be  refractory  and  are 
decomposed  with  most  certainty  by  treatment  with  hydrofluoric  acid  followed  by 
lasion  with  potassium  bisulphate. 

The  following  scheme  (White — Chemist  Analyst,  July,  1912)  of  attack,  which 
also  can  be  appAed  to  silicious  ores,  with  skilful  manipulation  gives  very  satis- 
factorv  result**' 

One  f  he  100  mesh  fine  slag  is  placed  in  a  250  cc.  beaker  of  Jena  glass, 

moistenc  v'ater,  mixed  with  3  cc.  of  sulphuric  acid  (sp.gr.  1.54),  and 

then,  while  larticles  of  the  slag  are  in  suspension  through  rotary  movement 

of  the  beaker, '^5  cc.  hydrochloric  acid  are  added.    The  siUca  is  gelatinized  in 

2  X  r  3  minutes  by  heating  the  beaker  over  a  free  flame.  One  cc.  nitric  acid  followed 
by  a  few  drop«  of  hydrofluoric  acid  are  added,  and  the  heating  continued  in  a 
hood  until  the  .ynaterial  is  nearly  dry,  and  then  to  strong  sulphuric  acid  fumes 
on  a  hot  plate.    "VMien  cool,  4  cc.  of  sulphuric  acid  (sp.gr.  1.54)  are  added. 

The  remainder  of  the  procedure  depends  upon  the  method  that  is  to  be  fol- 
lowed in  the  d^-termination  of  copper.     If  the  electrolytic  method  is  preferred, 

3  cc.  of  nitric  acid  are  add.  I;  the  mass  heated  until  solution  is  effected,  the  liquid 
diluted  to  175  cp.  with  cold,  distilled  water,  and  copper  plated  out  in  20-35 
minutes,  imng  a  rotating  anode  and  2^  amperes  current. 

If  the  iodide  method  is  to  be  followed,  without  addition  of  other  acid  than  sul- 
phuric,  the  mass  is  again  heated  to  fumes.  When  cooled,  25-30  cc.  water  and 
5  cc.  hydrochloric  acid  are  added  and  the  liquid  boiled  until  clear.  After  addition 
li  40  cc.  saturated  solution  of  sodium  acetate,  4i%  solution  of  sodium  fluoride  is 
idded  until  the  color  of  ferric  acetate  is  discharged,  and  then  an  excess  of  10  cc. 
When  cold  titration  is  commenced,  using  a  thiosulphate  solution  with  a  copper 
equivalent  of  0.0005  g.  per  cc. 

The  following  quick  method  has  been  systematically  and  satisfactorily  checked 
for  a  long  period  by  a  hydrofluoric  acid-bisulphate  fusion  method,  by  which  cop- 
per, precipitated  as  a  sulphide,  is  ignited,  the  oxide  dissolved  in  nitric  acid  and 
copper  determined  by  electrolysis. 

Three  grams  of  the  100  mesh  fine  sample  are  placed  in  an  800  cc.  Jena  beaker. 
The  slag  is  spread  over  the  bottom  of  the  beaker,  and  while  in  motion  5  cc. 
of  sulphuric  acid  are  added  rapidly  to  prevent  the  slag  gathering  into  a  mass. 
After  addition  of  40  cc.  hydrochloric  acid,  the  beaker  is  heated  over  a  bare  flame 
for  about  3  minutes  until  the  silica  iias  gelatinized.  To  the  hot  solution  nitric 
acid  is  added,  drop  by  drop,  until  the  liquid  becomes  dark  brown.  To  the  liquid, 
while  in  a  state  of  agitation,  1-2  cc.  hydrofluoric  acid  are  added  and  the  mix- 
ture boiled  until  the  solution  is  complete.  The  liquid  is  diluted  to  400  cc.  and 
saturated  with  hydrogen  sulphide  and  the  precipitate  filtered  and  washed  as 
usual.  The  copper  sulphide  is  ignited  in  a  sihca  crucible;  the  residue,  if  washing 
of  the  precipitate  has  been  thorough,  can  be  brushed  into  a  250  cc.  l)eakcr  d  111 
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dissolved  with  a  few  cc.  of  nitric  acid.  After  boiling  gently  to  expel  nitrogen 
gases,  the  free  acid  is  neutralized  with  ammonia,  and  the  solution  then  acidified 
with  a  slight  excess  of  acetic  acid.  The  cold  solution  is  titrated  by  the  iodide 
method,  using  a  thiosulphate  solution  having  a  copper  equivalent  of  about  0.0005  g. 
per  1  cc. 

Metals.  A  casting  of  a  copper  alloy  and  even  of  refined  copper  is  not  homo- 
geneous, and  the  zones  of  segregation  of  the  constituents  of  the  alloy  (usoatty 
roughly  parallel  to  the  cooling  surfaces)  are  the  more  sharply  defined  as  tlie 
conditions  which  favor  diffusion  of  the  eutectic  prevail,  therefore,  unless  the  cast- 
ing be  quite  thin  and  quickly  cooled,  a  satisfactorily  representative  sample  of  it 
canilot  be  obtained  from  a  single  drill  hole.  A  single  casting  may  be  samjded  by 
complete  cross-sectional  cuts  by  a  suitable  saw  or  by  a  series  of  drill  holes  located 
in  such  a  manner  as  to  amount  substantially  to  one  or  more  cross-sectional  cute. 
Steel  is  usually  present  as  a  contaminant  of  the  drill  or  saw  shavings  from  refined 
copper  and  tlie  tougher  alloys  and  should  be  removed  by  a  magnet.  Crude 
copper,  such  as  blister  or  black  copper,  is  sampled  by  drilling  one  hole  in  each 
piece  of  a  definite  fraction  of  the  total  pieces  of  the  average  lot.  The  position 
of  the  hole  in  successive  pieces  is  changed  to  conform  with  a  pattern  or 
"  templet"  which  will  cover  a  quarter,  or  half,  or  the  complete  top  surface  of 
the  average  piece,  the  "  templet "  is  divided  into  squares,  preferably  about  1  inch 
on  a  side,  and  in  the  centre  of  each  square  the  J-inch  hole  is  drilled.  The 
drillings  are  ground  to  pass  a  20-mesh  screen  and  the  sample  then  withdrawn  by 
means  of  a  riffle  sampler. 

Sampling  by  splashing  from  a  molten  stream  and  by  slowly  pouring  the 
metal  into  water  are  methods  frequently  practiced.  The  size  of  the  partides, 
the  degree  of  homogeneity  and  the  limit  of  accuracy  of  result  required  are  factors 
which  determine  whether  one  or  more  grams  of  the  sample  should  be  taken  for 
analysis. 

Iron  Ores  and  Iron  Ore  Briquettes.  A  5-gram  sample  of  the  finel]^ 
divided  material  is  fused  in  a  large  platinum  dish  with  40  grams  of  pure  potas- 
sium bisulphate.  If  the  ore  is  high  in  sulphur,  it  should  be  roasted  by  heating 
to  redness  in  a  silica  or  porcelaui  crucible  before  placing  in  the  platinum  dish 
and  mixing  with  the  bisulphate. 

The  cooled  fusion  is  broken  up  into  snmll  pieces  and  placed  in  an  800<rc. 
beaker  with  clock-glass  cover.  Three  hundred  cc.  of  hot  water  and  25  cc.  of 
strong  hydrochloric  acid  are  added  and  the  fusion  is  boiled  until  it  passes  into 
solution.  If  an  appreciable  residue  remains,  the  solution  is  filtered,  the  residue 
fused  with  additional  bisulphate,  then  dissolved  in  hot  dilute  acid  and  the 
filtrate  added  to  the  first  solution.  Silica  and  barium  sulphate  remain  in  the 
residue. 

The  solution  is  now  reduced  and  copper  precipitated  according  to  directions 
given  under  **  Separation  of  Copper  by  Precipitation  in  Metallic  Form  by  a 
more  Positive  Element, '*  aluminum  powder  being  preferably  used. 

The  precipitated  copper  is  filtered  free  from  iron  and  other  commonly 
occurring  impurities,  then  dissolved  by  pouring  on  the  precipitated  metal  30 
cc.  of  hot  dilute  nitric  acid,  1:1,  followed  by  10  cc.  of  bromine  water  and  thiMi 
10  cc.  of  hot  water.  The  filter  ])aper  is  removed,  ignited  and  the  ash  added  to 
the  coi)per  solution.  The  whole  solution  is  now  evaporated  to  small  volume 
and  dc^tormined,  preferably,  by  the  ** Potassium  Iodide"  method  as  described 
under  the  volumetric  procedures. 
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Steely  Cast  Iroiif  and  Alloy  Steels.^  From  3  to  5  grains  of  steel,  depending 
upon  the  amount  of  copper  present,  are  dissolved  in  a  mixture  of  60  cc.  of 
water  and  7  cc.  of  sulphuric  acid  (sp.gr.  1.84)  in  a  250-cc.  beaker.  After  all 
action  has  ceased,  a  strip  of  sheet  aluminum,  1^  ins.  square,  bent  so  that  it  will 
stand  upright  in  the  beaker,  is  placed  in  the  solution. 

After  boiling  the  solution  for  twenty  to  twenty-five  minutes,  which  is  suf- 
ficient to  precipitate  all  of  the  copper  in  the  sample,  the  beaker  is  removed 
from  the  heat  and  the  cover  and  the  sides  washed  down  with  cold  water.  The 
liquid  is  decanted  through  an  U-cm.  filter,  the  precipitate  washed  three  times 
with  water,  then  placed  wdth  the  filter  in  a  lOO-cc.  beaker,  and  8  cc.  of  con- 
centrated nitric  acid  and  15  cc.  of  water  are  poured  over  the  aluminum  and 
the  solution  heated  to  boiling.  This  hot  solution  is  poured  over  the  precipitate 
and  filter  in  the  100-cc.  beaker,  and  boiled  until  the  paper  becomes  a  fine  pulp, 
only  a  few  minutes  being  required.  The  solution  is  filtered,  the  residue  washed 
several  times  with  hot  water  and  the  filtrate  and  washings,  not  over  200  cc, 
are  received  in  an  electrolytic  beaker,  2  cc.  of  concentrated  sulphuric  acid  added 
and  the  solution  electrolyzed,  using  a  current  of  2  amperes  with  an  E.M.F. 
of  2  volts.  With  gauze  cathodes  and  anodes  the  deposition  is  complete  in  an 
hour  and  a  half. 

SEPARATIONS 

Isolation  of  copper  in  presence  of  large  amounts  of  iron,  or  in  substances 
containing  nickel,  cobalt,  zinc,  bismuth,  cadmium,  etc.,  may  be  accomplished 
by  precipitation  of  the  element  as  cuprous  sulphocyanate  according  to  the 
following  procedure: 

Precipitation  of  Copper  as  Sulphocyanate.  Nitric  acid  having  been 
expelled  from  the  sample,  the  solution,  50-100  cc,  is  nearly  neutralized  with 
sodium  carbonate  and  the  copper  reduced  by  addition  of  sodium  bisulphite 
or  metabisulphite  or  by  passing  in  SOs  gas.  The  solution  is  gently  warmed 
and  potassium  sulphocyanate  reagent  added  (50  grams  KCNS  salt  per  Uter), 
until  no  further  precipitation  takes  place.  The  sulphocyanate  solution  may  be 
prepared  by  addition  of  50  grams  of  potassiimi  bisulphite  or  metabisulphite 
to  the  above  reagent.  The  preliminary  reduction  of  copper  is  then  unneces- 
sary, as  reduction  takes  place  with  addition  of  the  reagent.  After  settling, 
the  precipitate  is  collected  on  a  filter  and  washed  free  of  acid,  first  washing 
with  the  precipitating  reagent,  then  with  anunonium  acetate  solution  and 
finally  with  water. 

The  precipitate  may  now  be  dissolved  in  nitric  acid  and  evaporated  to  near 
dryness  with  sulphuric  acid  and  copper  determined  by  electrolysis  or  by  potas- 
sium iodide  procedure. 

The  precipitated  cuprous  sulphocyanate  may  be  weighed  after  drying  at 
100®  C,  the  compound  having  been  collected  in  a  weighed  Gooch  crucible.  The 
eompound  mtdtiplied  by  0.5226  gives  the  equivalent  metallic  coppei^. 

The  precipitate  may  be  dried  and  burned  with  sulphur  and  the  residue  weighed 
as  cuprous  sulphide,  CuaS.  This  multiplied  by  0.7986  gives  the  equivalent  weight 
of  copper. 

Reaction.    2CuS04+2KCNS-|-SO,4-2H20  =2CuCNS-f  2H2S04+K,S04. 

*  W.  B.  Price,  Jour.  Ind.  Eng.  Chem.,  Vol.  6,  No.  9,  p.  170. 
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Note.  Cuprous  sulphocvanatc  is  insoluble  in  water  and  in  dilute  hydrochloric 
acid.  With  the  exception  of  silver,  selenium  and  tellurium  copper  m  the  only  metil 
that  is  precipitiited  in  hydrochloric^  acid  solution  by  jiotaAsiuni  sulphocyanate,  hoioe 
it  may  i)e  scparatt^d  from  otlicr  elements  that  would  interfere  in  its  determination  by 
this  method. 

Separation  of  Copper  by  Precipitation  in  Metallic  Form  by  a  More  Pori- 
tive  Element.  Metallic  aluiuinum  or  zinc  is  more  conuiionly  used  in  thii 
procedure.  A  strip  of  pure  aluminum  or  zinc,  placed  in  the  neutral  or  slightlr 
acid  solution,  causes  the  con'])lete  deposition  of  copper.  The  copper  is  removed 
mechanically  from  the  displacing  metal  and  dis.solved  in  nitric  acid  and  then 
estimated,  or  the  aluminum  may  l)e  dissolved  with  the  copi)er. 

A  method  of  precipitation  by  means  of  powdered  aluniiiiuni  is  recom- 
mended esjxjciidly  f(jr  sepanition  of  copper  from  large  amounts  of  iron,  iron 
ores  and  iron  ore  bricjuettes.  The  solution  of  the  bisulphate  fusion  of  the  iron 
ore  is  heated  until  bubbles  ai)iKiar  over  the  bottom  of  the  containing  l)eaker. 
Aluminmn  i)()wder  is  now  added  in  small  portions  at  a  thue,  hi  sufficient  quantity 
to  reduce  the  iron,  the  solution  l)ec(Mning  colorless.  The  solution  is  now  heated 
until  the  aluminum  completely  dissolves.  Metallic  copper  is  precipitated.  It 
is  advisable  to  add  25  cc.  of  water  saturated  with  HjS  gas  to  precipitate  tnces 
of  copier  in  solution.  The  solution  is  filtered  while  hot  through  a  filter  (S. 
A  S.  No.  589),  and  washed  six  times,  keeping  the  residue  covered  with  water 
to  prevent  oxidation  by  air.  The  copper  is  now  dissolved  in  hot  dOute  nitric 
acid,  evaporated  to  small  vohmie  and  determined  by  the  procedure  preferred. 
The  potassium  iodide  niethod  gives  excellent  results.  , 

Separation  of  Copper  from  Members  of  the  Ammonium  Sn^idde  and 
Subsequent  Groups  by  Precipitation  as  Copper  Sulphide  in  Add  Sohrtioik 
The  solution  containing  free  hydrochloric  or  sulphuric  acid  is  saturated  withHr' 
gas.^  the  ]>recipitated  copper  sulphide  (together  with  the  members  of  the  group). 
is  filtered  and  washed,  first  witli  water  containing  HsS  and  finally  with  a  little 
pure  water.  The  residue  is  dissolved  in  nitric  acid  and  the  resulting  aohitioD 
examined  for  c()p])er. 

Removal  of  Silver.  This  clement  is  precipitated  as  the  insoluble  chloride, 
AgCl,  by  addition  of  hydrochloric  acid,  and  may  be  removed  by  filtratioii,  eopper 
passing  into  the  filtrate. 

Removal  of  Bismuth.  Upon  adding  ammonium  hydroxide  to  a  aohitioa 
containing  coi)iM;r  and  bismuth  the  latter  is  precipitated  as  Bi(OH)t  and  may 
be  removed  by  filtration.  Copper  piisses  into  the  filtrate  as  the  double  ammo- 
nium salt.  Ammonium  carbonate  or  potassium  cyanide  may  be  used  instead 
of  anmionium  hydroxide. 

Removal  of  Lead.  I^ad  is  precipitated  by  sulphuric  acid  as  FbSOi  and 
may  be  removed  by  filtration,  copper  passing  into  the  filtrate. 

Removal  of  Mercury.  The  sulphide  of  mercur>'  remains  undissolved  vheD 
the  prcMMpitated  sulphides  are  treated  with  dilute  nitric  acid,  copper  sulphide 
dissolving  n^adily. 

Removal  of  Arsenic,  Antimony,  and  Tin.  These  elements  nmy  be  re- 
moved by  dissolving  their  sulphides  witli  a  mixture  of  sodium  sulphide  and 
sodium  hydroxide.     Copper  sulphide  remains  insoluble. 

U\)]»poi  may  be  ])rcripitated  as  the  sulf>hidp  by  nearly  neutralizing  the  free  arid 
witli  s«>diuni  liydroxidc.  wanning  the  solution  and  adding  crystals  of  sodium  thiosul- 
])hatc'.  I'ljoii  boiling  bhu'k  sulphide  of  copper  is  precipitated  together  with  fnt 
sulpliur. 
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la  an  alloy  tin  and  antimony  may  be  precipitated  as  oxides  by  evaporation 
of  the  solution  of  the  alloy  with  strong  nitric  acid,  copper  remains  in  readily 
soluble  form. 

Separation  from  Cadmium.  The  sulphides  in  a  solution  of  dilute  sul- 
phuric acid,  1  : 4,  are  boiled  and  HiS  gas  passed  in  for  twenty  minutes,  the 
:<olution  being  kept  at  boiling  temperature.  Cadmium  sulphide  dissolves  while 
copper  sulphide  remains  unaffected.  The  solution  is  filtered  hot,  the  air  above 
the  filter  being  displaced  by  COi  to  prevent  oxidation.  Traces  of  cadmium  are 
removed  by  repeating  the  operation.     (Method  by  A.  W.  Hofmann.) 


GRAVIMETRIC   DETERMINATIONS  OF  COPPER 

Deposition  of  Metallic  Copper  by  Electrolysis 

The  eleclrwlytic  method  of  determining  copper  is  the  moat  accurate  of  the 
gnuimetric  methods.  This  dt^position  nuiy  conveniently  be  made  from  acid 
solutions  containing  free  nitric  or  sulphuric  acid)  or  from  an  ammoniacal  solution. 


i  -^fS^'^" 

1         ^^^^^ 

■i 

Fia.  27^-Tenniiial  Caee  Showing  Battery  of  Electrodes  for  Electrolytic  Dejtu 
of  Copper. 


The  end  sought  by  this  method  is  to  plate  out  all,  except  a  trace,  of  the 
copper  in  the  form  of  an  evenly  diMtributed,  firmly  adherent,  very  finely  crystal- 
line deposit,  which  is  free  from  a  weighable  amount  of  impurity. 
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In  ores,  mattes,  alloys  (from  which  lead  has  l)een  removed  as  the  sulphite 
bj"  taking  tiie  solution  to  fumes  with  sulphuric  acid)  deposition  by  electrolyflii| 
from  a  solution  containing  free  sulphuric  acid,  is  convenient.  On  the  oUnt 
hand,  deposition  from  a  nitric  acid  solution  is  advantageous  under  condhiOBi 
where  this  reagent  has  been  used  as  a  solvent  and  evaporation  with  sulphuric  add 
is  unnecessar>\  This  Ls  the  case  in  the  analysis  of  certain  alloys  and  the  deto^ 
mination  of  copper  from  which  impurities  have  been  largely  removed.  Depon- 
tion  from  an  anunoniacal  solution  is  recommended  when  the  copper  salt  ctah 
tains  chlorides  and  it  is  desired  to  avoid  evaporation  with  sulphuric  acid.  A 
chloride  in  an  acid  solution  gives  rise  to  a  s{)ongy  deposit  of  copper,  and  endangon 
a  solvent  action  on  the  anode  and  deposition  of  platinum  on  the  cathode. 

Conditions  other  than  the  presence  of  precipitable  impurities^  which  affect  the 
character  of  the  dejxisit  are — quantity  and  concentration  of  copper,  sise  and 
shajxj  of  electro(lo><,  current  density,  uniformity  of  distribution  of  current  to  the 
cathode,  volume,  temperature  and  rate  of  circulation  of  the  electrol>ie,  and 
concentration  of  oxidizing  agents  such  as  nitric  acid  and  ferric  salts.  Inas- 
much as  the  change  of  one  condition  limits  or  makes  possible  or  necessary  a  modi- 
fication of  others,  a  large  number  of  practicable  combinations  of  conditions  are 
IK)ssible.  For  discussion  of  these  conditions  reference  is  made  to  articles  by 
Bljisdale  and  Crucss,  Jour.  Am.  Chem.  Soc.  Oct.  1910,  1264;  and  by  Richanb 
and  BL*il)ee,  Jour.  Am.  Chem.  Soc,  May,  1904,  530. 

By  the  feature  of  rate  of  deposition,  electrolytic  methods  may  be  classified 
as  "  slow  "  or  "  rapid."  The  slow  methods,  with  12  to  24  hour  periods  of  elec- 
trolysis, are  practiced  when  extreme  accuracy  is  required,  or  when  the  distribution 
of  laboratory  labor  and  time  allowed  for  completion  of  the  assays  permit 
thoir  economical  emplo\Tnent.  The  electrolyte  Ls  a  solution  of  sulphate  mlta  of 
the  metals  present,  ammonium  sulphate  or  nitrate,  and  a  quantity  of  free  nitric 
acid,  which  varies  with  the  amount  of  copi)er  and  ferric  salts  present,  and  the 
current  density  employed.  The  oxidizing  effect  of  nitric  acid  is  intensified  by  the 
jircsence  of  ferric  ions.^  lOlectrolysis  is  carried  out  at  room  temperature,  at  cu^ 
rent  densities  var>'ing  from  ND/100, 0.15  to  0.5  amperes;  and  deposition  on  plain, 
corrugated,  slit  or  perforated  platinum  cylinders  from  0.75  to  2  in.  diameter 
having  50  to  200  cm.  de]X)siting  surface.  A  perforated  cylinder  permits  freedom 
of  circulation  between  the  two  surfaces  of  the  electrode,  the  most  even  distri- 
bution of  current  density,  and  produces  the  most  uniform  coating  of  the  foil 
On  account  of  the  effect  on  the  character  of  the  deposit  by  oxygen  lodging 
in  regions  of  the  cathode  where  the  current  density  and  circulation  is  least,  the 
anode  should  Ix*  of  such  a  form  that  all  the  gas  Ulcerated  will  be  in  the  tone  of 
maximum  circulation.  To  procure  imiform  behavior  under  given  conditions  the 
size  and  shape  of  the  electroI>iic  beaker  should  be  such  as  to  present  the  smallest 
practicable  volume  of  electrolyte  between  the  outer  surface  of  the  cylinder  and 
the  inside  of  the  Ix^aker.  An  unclosed  seam  or  rivetted  joint  in  a  negative 
(^loctrode  will  hold  tenaciously  salts  which  reciuire  extreme  care  to  remove-  Itie 
probable  that  such  recesses  retain  traces  of  the  electrolyte  underneath  the  coat- 
ing of  COpjHT. 

Rapid  methods  have  a  tendency  to  procure  high  results,  resolution  and 
niechanical  loss  through  misting  having  been  prevented.  Deposition  is  hastened 
by  in(T(»asing  the  rat(»  of  circuhition  and  the  current  density.     Circulation  is 

*  Liirison,  Eng.  and  Min.  Jour.  S4,  442.     Fairlio  and  Boone,  Elect,  and  Met.  Ind. 
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promoted  by  the  use  of  the  gauze  cathode/  by  rotating  either  cathode,'  or  by 
pladng  the  vessel,  containing  the  solution  and  electrodes,  in  a  field  of  electro- 
motive force.'  Quick  deposition  of  a  quality  satisfactory  for  some  classes  of 
work  is  brought  about  by  increase  of  current  density  upon  an  electrolyte  heated 
to  50**  to  80^  C.  In  aU  the  quick  methods,  the  progress  of  electrolysis  should  be 
watched,  and  the  cathode  removed  as  soon  as  completion  of  deposition  is  de- 
tected by  the  evolution  of  gas  about  its  surface.  The  completion  of  action  is 
ascertained  with  greater  certainty  by  addition  of  water  to  the  electrolyte  and 
observing  whether  the  newly  exposed  surface  of  the  cathode  remains  bright. 
When  the  electrolyte  is  hot  or  has  a  high  acid  content,  detachment  of  the  cathode 
should  be  preceded  by  removal  of  the  electrolyte  and  simultaneously  washing 
the  cathode  without  interruption  of  the  current.  A  syphon  may  be  employed, 
water  being  added  as  the  liquid  drains  from  the  beaker  until  the  acid  is  removed. 
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RAPID  METHODS 
Rapid  Deposition  of  Copper— Solenoid  Method  of  Heath  ^ 

The  solenoid  is  made  by  winding  500  turns  of  No.  13  B  and  S  gauge  magnet 
wire  upon  a  copper  cylinder  2}  in.  in  diameter,  3i  in.  high,  ^  in.  thickness  of 
metal.*  The  cylinder  is 
brazed  water  tight  at  the 
bottom  to  a  5^  in.  disc  of 
^  in.  soft  steel.  In  this 
disc  is  a  1-in.  hole  for  the 
insertion  of  a  rubber  plug, 
through  which  glass  tubes 
may  be  inserted  for  inlet 
and  outlet  of  air  or  water 
to  cool  the  electrolytic 
beaker.  A  steel  disc  of 
the  same  size  as  the  bot- 
tom and  with  an  opening 
to  fit  is  brazed  to  the  top 
of  the  cylinder.  The  sole- 
noid thus  made  is  suitable 
for  a  300  cc.  lipless  beaker 
4|  in.  high  and  2\  in. 
diameter.  The  solenoid 
coil  may  be  in  series  in  the 
electrolytic  Hne  or  excited 
separately. 

The  negative  electrode  is  of  gauze  40  meshes  per  linear  Inch,  with  a  depositing 
surface  of  100  cm.  and  is  slit  to  permit  quick  removal  from  the  electrolyte. 

» Stoddard,  Jour.  Am.  Chem.  Soc.,  1909,  385.     Price  and  Humphreys,  Jour.  Soc- 
Chem.  Ind.,  1910,  307. 

s  Eng.  and  Min.  Jour.,  89,  89,  1910. 

» Frary,  Jour.  Am.  Chem.  Soc,  Nov.,  1907,  1592.      Heath,  Jour.  Ind.  Eng.  Chem., 

Feb.,  1911,  74. 

♦  Heath,  Jour.  Ind.  Eng.  Chem.,  Feb.,  1911,  76.  ] 
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Solenoid     for    Rotation, 
of      ihe    E/ectrolyte 

Fig.  28. 
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Procedure.  Five  grams  of  the  thoroughly  cleaned  copper  sample  are  dissolved 
in  the  covered  electrolytic  beaker  on  a  steam  plate  with  40  cc.  of  stock  acid  solu- 
tion composed  of  7  parts  (1.42  sp.gr.)  nitric  acid,  10  parts  sulphuric  acid  (1.84 
sp.gr.)  and  25  parts  by  volume  of  water.  The  temperature  during  the  solution 
is  kept  just  below  the  boiling  point,  50  cc.  of  the  stock  solution  is  used  for  copper 
containing  0.03  to  0.1  per  cent  of  arsenic,  60  cc.  for  material  containing  0.11  to 
0.5  per  cent  arsenic.  The  electrolyte  is  diluted  to  120  cc.  A  current  of  4.5 
amperes  is  used  for  the  electrolysis  and  the  same  amount  employed  to  excite  the 
solenoid.  During  the  deposition  a  double  pair  of  watch  glasses  cover  tightly 
the  beaker  until  the  color  of  the  electrolyte  fades  out,  when  they  are  rinsed  and 
removed.  In  about  30  minutes  a  test  for  completion  of  deposition  is  made 
by  withdrawal  of  1  cc.  onto  a  porcelain  tile  and  treating  with  a  few  drops  of 
freshly  prepared  hydrogen  sulphide  water.  This  test  will  detect  the  presence  of 
0.000005  g.  copper  or  more  remaining  in  the  solution.  The  determination  is 
complete  in  two  and  a  half  hours. 

Notes.  The  advantage  of  the  solenoid  over  any  mechanical  device  for  the  rota- 
tion of  electrodes  is  due  to  the  prevention  of  loss  by  spraying  from  the  anode,  as  the 
beaker  can  be  covered  with  a  double  pair  of  watch  glasses. 

Results  ranee  from  0.003  to  0.01  per  cent  higher  than  the  author's  slow  method  of 
assay  of  refined  copper,  and  is  due  to  platinum  from  the  anode,  which  is  corroded  by 
the  mflaence  of  heat,  nascent  nitrous  acid  and  high  current. 

Deposition  from  Nitric  Acid  Solution.  The  solution  should  not  contain 
over  2-3  cc.  of  free  concentrated  nitric  acid.  If  more  than  this  is  present, 
the  solution  is  evaporated  to  expel  most  of  the  acid,  the  remainder  neutralized 
with  ammonia  and  the  requisite  amount  of  nitric  acid  added.  The  solution  is 
diluted  to  100  cc,  warmed  to  50°  or  60^  C.  and  electrolyzed  with  a  current  of  1 
ampere  and  2-2.5  volts.  Two  hours  are  sufficient  to  deposit  0.3  gram  copper.  Since 
nitric  acid  acts  vigorously  on  copper,  it  is  necessary  to  wash  out  the  acid  from  the 
beaker  before  breaking  the  current.     (See  method  for  copper  in  alloys,  page  174.) 

Deposition  from  an  Ammoniacal  Solution.  Ammonium  hydroxide  is 
added  to  the  solution  containing  copper  until  the  precipitate,  first  formed,  dis- 
solves. Twenty  to  twenty-five  cc.  of  ammonium  hydroxide  (sp.gr.  0.96)  are 
required  for  0.5  gram  copper  or  30-35  cc.  for  1  gram.  Three  to  four  grams 
of  ammonium  nitrate  are  added  and  the  solution  electrolyzed  with  a  current 
of  ND/100=2  amperes.  The  electrodes  are  washed,  without  breaking  the 
current,  until  the  ammonia  and  nitrate  are  removed. 

Lead,  bismuth,  mercury,  cadmium,  zinc  and  nickel  should  be  absent  from 
the  anunoniacal  solution.  /  rsenic  is  not  deposited.  Unless  a  very  pure  platinum 
anode  is  used,  platinum  may  contaminate  the  deposit  appreciably.  Jena  or  other 
brand  of  zinc  borate  resistance  glass  should  not  be  used  for  the  electroljiiic  beaker. 

SLOW  METHODS 
Electrolytic  Determination  of  Copper  in  Blister  Copper 

The  sample  should  be  no  coarser  than  20  mesh.  Because  fine  particles  are 
comparatively  poor  in  copper,  extreme  care  must  be  taken  in  drawing  the 
portion  for  analysis  to  preserve  the  ratio  of  the  coarse  to  fine.  Some  anal3r5ts, 
to  avoid  sampling  error,  sieve  the  coarse  from  the  40  or  60  mesh  fine  and  either 
make  a  separate  analysis  of  each  weighed  product,  or  weigh  into  a  single  test 
the  due  proportion  of  each.    Others  draw  a  large  portion,  by  means  of  a  riffle 
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(Fig.  30)   or  similar  sampling  device  and  from    its    solutiuti    in  a  vnlumctric 
flask,  iHpette  an  aliquot  part  equivalent  to  one  or  more  Krams. 

By  tiie  small  portion  method  insoluble  matter  must  be  removed  by  filtration. 
When  the  s  mple  contains  an  insignificant  quantity  of  insoluble  matter,  the  prac- 
tice is  to  deposit  the  silver  with  the  copper  and 
maVe  a  correction  fo  ■  its  presence  in  accordance 
with  the  result  of  the  silver  assay  of  the  sample. 

By  the  large  portion  method,  insoluble 
matter  and  silver,  as  silver  chloride,  is  removed 
[naa  the  electrolyte  by  sedimentation  in  the 
volumetric  flask. 

Procedure.  Small  Portion  Method.  The 
coarse  and  fine  portions  are  quartered  down 
to  convenient  amounts  and  from  these  a  5 
gram  composite  weighed,  which  contains  the 
coarse  and  fine  portions  in  ratio  of  their  per- 
centage weights.  The  sample  is  placed  in  a 
350  cc.  tall  form  beaker,  without  lip  and  with 
flaring  rim.  Fifty  cc.  of  chlorine  free,  stock 
acid  solution  (15  parte  nitric  and  5  parts  sul- 
phuric acids)  are  added,  the  beaker  covered 
with  a  funnel  (stem  up),  wliich  just  fits  in  the 
rim,  and  the  mixture  heated  gently  at  first  and 

finally  to  boiling.     \Vhen  the  sample  has  dis-  Fio.  29, Riffle  Sampler. 

solved,  5    cc.   saturated    solution    of   ammo- 
nium nitrate  are  added  and  the  sample  diluted  to  200  cc.  with  water. 

mien  the  electrolyte  has  cooled  to  room  temperature  the  electrodes  are  intro- 
duced, the  beaker  covered  with  split  watch  glasses  and  electrolysis  started  with  a  cur- 
rent of  .05  ampere  and  continued  until  the  appearance  of  the  foil  indicates  that  the 
silver  has  deposited.  The  current  is  then  raised  to  ND/100  =  . 75  ampere  and  this 
continued  for  twenty  to  twenty-two  hours,  or  until  the  appearance  of  gas  about  the 
negative  electrode  indicates  that  deposition  of  the  copper  is  practically  complete. 
For  the  unexperienced  a  simple  method  is  to  add  a  little  water  to  the  electrolyte 
without  breaking  the  current  and  after  15  minutes  to  observe  whether  any  depo- 
sition or  copper  takes  place  on  the  freshly  exposed  surface.  The  watch  glasses  and 
electrode  stems  should  be  rinsed  when  the  electrolysis  has  continued  15-16  hours. 

Procedure.  Large  Portion  Method.'  The  sample  is  quartered  by  a 
riffle  sampler  (see  Fig.  ^9)  to  an  .^  mount  very  close  to  ;  0  grams.  This  quan- 
tity is  weighed  and  transferred  by  a  paper  chute  into  a  2oiX)  cc.  flask,  which 
has  been  calibrated  by  the  method  of  repeated  delivery  at  constant  temperature, 
of  ft  50  cc.  overflow,  dividing  pipette  (see  Fig. .'  0).  The  liquid  employed  in  cali- 
brsting  is  a  copper  solution  of  the  same  composition  as  that  for  which  the 
flank  is  to  be  Ui^ed.  A  cold  mixture  of  80  cc.  sulphuric  acid  (sp.gr.  1.82)  and 
200  cc.  nitric  acid  (1.42)  with  500  cc.  of  water  is  added.  A  standard  solution 
of  sodium  chloride  is  added  in  sufficient  quantity  to  precipitate  the  silver,  care 
being  taken  to  add  less  than  20%  excess.  A  bulbed  condenser  tube  is  placed 
in  the  neck  before  putting  the  flask  on  a  hot  plate. 

The  solution  is  gradually  heated  to  boiling  and  when  the  solution  is  nearly 
complete,  boiled  gently  for  one  hour.    This  generally  completely  dissolves  the 
"  W.  C.  Ferguson,  Jour.  Ind.  and  Eng.  Chem.,  May,  1910. 


160 


COPPER 


copper  preseDt.    Residues  of  lead,  tin,  silver,  or  silica  if  present  in  appreciable 
amounts  are  separated  at  this  point  by  filtration. 

When  the  solution  in  the  flask  has  cooled  for  half  an  hour,  water  is  added 
to  a  little  above  the  2000-cc.  mark,  fpviiig  the  flask  a  rotary  motion,  during 
the  addition,  to  mix  the  solution.    The  flask  is  placed  in  a  large  tank,  Fig.  30, 


Fig.  30. — Constant  Temperature  Bath  and  Dividing  Pipetle. 


containing  water  and  allowed  to  remain  until  it  becomes  of  the  same  temperature 
as  the  water  and  very  close  to  that  of  the  room.  The  solution  is  then  made 
exactly  to  the  mark  and  allowed  to  settle,  after  thorough  mixing,  by  placing 
the  flask  aj^ain  in  the  water  tank, 

Electrolysis.  Portions  equivalent  to  2  grams  of  sample  are  measured  out 
by  means  of  a  dividing  pipette,  with  water-jacket  through  which 
the  tank-water  flows.  The  solution  is  run  into  glasses,  hydro- 
meter-jar in  shape,  with  concave  bottoms,  height  of  glass,  6J  ins., 
diameter  2i  ins.,  Fig.  31.  Each  portion  is  treated  with  5  cc.  of 
a  saturated  solution  of  ammonium  nitrate  and  diluted  to  125  cc. 
with  water.  (NH.NOi  or  (NH()iSOi  delays  deposition  of  As  and 
Sb  until  electrolyte  is  freed  from  Cu,)  The  electrolyte,  at  this 
stage,  contains  about  3.7  cc.  of  nitric  acid. 

The  cop[M!r  is  deposited  by  electrolysis,  using  a  current  of 
.33  ampere  per  100  sq.cm,,  which  is  kept  constant  until  deposi- 
tion is  complete,  about  twenty  hours.  It  is  advisable  to  begin 
the  electrolysis  in  the  evening,  5  p.m.  The  foUowing  morning, 
the  inside  of  the  jar,  the  rods  of  the  electrodes,  and  the  split 
3  which  cover  the  jar  are  rinsed  with  a  spray  of  water  into  the 
r  three  hours.    Each  electrode  is  quickly 


Fig.  31. 


watch-glas.ses 

glass  and  the  run  continued  for  two  0 
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detached  from  the  binding  posts,  the  cathode  plunged  into  cold. water,  then 
successively  into  three  jars  of  95%  alcohol,  shaken  free  of  adherent  drops  and 
dried  by  revolving  rapidly  over  a  Bunsen  flame  for  a  f^w  seconds,  after  ignition 
of  the  film  of  alcohol. 

The  weighing  of  foil  plus  the  deposit  is  made  with  as  little  delay  as  possible. 

Detennination  of  the  Copper  Remaining  in  the  Electroijrtes.  The  eiec- 
trol>'te  is  concentrated  and  any  residual  copper  precipitated  as  sulphide  by 
HsS  after  first  neutralizing  the  free  acid  and  then  making  slightly  acid  with 
HCl.  The  copper  sulphide  is  dissolved  with  a  little  hot  HNOt  and  made  ammo- 
niacal.  The  color  of  the  solution  is  compared  with  a  standard  solution  treated 
with  the  same  amount  of  reagents  as  the  sample,  care  being  taken  that  similar 
conditions  prevail  when  making  comparison.  The  electrolytes  seldom  contain 
over  0.01%  copper. 

Notes  and  Precautions 

Character  of  the  Deposits.  The  ideal  deposit  is  of  a  salmon-pink  color,  silky 
in  texture  and  luster,  smooth  and  tightlv  adherent.  A  slightly  spongy  and  coarsely 
crystalline  deposit,  although  good  in  color  and  perfectly  adherent,  will  invariably 
give  high  results.  A  loosely  adherent  deposit  caused  by  either  too  rapid  a  deposition 
at  the  commencement  or  too  low  a  current  density  at  some  period  of  the  electrolysis, 
usuidly  shows  a  red  tint  and  may  give  a  high  result  on  account  of  oxidation  or  a  low 
result  because  of  detachment  of  particles.  A  darkly  shaded  deposit  indicates  the  pres- 
ence of  impurity  in  greater  or  less  extent.  If  it  is  impossible  to  complete  the  electrol- 
ysis without  this  appearance  the  electrolyte  should  be  purified.  Impurities  such  as 
arsenic,  antimony,  bismuth,  selenium  and  tellurium  may  occur  in  the  blister  copper. 

A  dark  colored,  but  perfectly  adherent  deposit  is  dissolved  very  slowly  from  the 
foil,  in  a  covered  electrofytic  jar,  by  gently  heating  for  several  hours  with  about  60-70 
ec.  of  a  solution  containing  2  cc.  sulphiuic  and  5  cc.  nitric  acids.  When  the  solution 
is  complete  the  temperature  is  raised  to  expel  dissolved  gases.  Five  cc.  saturated 
ammonium  nitrate  solution  is  added  and  the  electrolyte  diluted  to  125  cc.  When 
cooled  to  room  temperature,  electrolysis  is  carried  out  under  the  same  conditions  as 
that  of  the  first  deposit  and  on  the  same  foil,  if  arsenic  or  antimony  is  the  interfering 
impurity;  on  a  fresh  foil  if  selenium  or  tellurium  has  been  the  contaminating  element. 
The  undeposited  copper  is  determined  colorimetrically  in  the  mixture  of  the  first  and 
final  electrolytes  and  added  to  the  weight  of  the  copper  deposited. 

If  the  sample  contains  a  large  percentage  of  arsenic  or  antimony,  a  portion  represent- 
ing 2  grams  is  drawn  from  a  pipette  into  a  Kjeldahl  flask.  10  cc.  of  sulphuric  acia  added, 
and  the  liquid  boiled  until  nitric  acid  has  been  expellea.  From  this  solution  cuprous 
sudphocyanate  is  precipitated  according  to  the  method  described  on  page  153.  The 
funnel  containing  the  filter  is  placed  in  a  500  cc.  flask  with  long  neck,  the  filter  is  punc- 
tured and  the  precipitate  washed  into  the  flask  with  the  least  quantity  of  water  possible, 
the  adherent  precipitate  is  dissolved  from  the  filter  with  warm  dilute  nitric  acid,  added 
cautiously  to  avoid  violent  evolution  of  gases  from  the  dissolving  precipitate  in  the 
flask.  The  washed  filter  is  incinerated  and  the  solution  of  its  ash  by  mtric  acid  reserved 
for  addition  to  the  electrolyte  after  completion  of  electrolysis.  When  solution  of  the 
precipitate  is  complete,  the  liquid  is  boiled  to  small  volume,  neutralized,  and  5  cc. 
ammonium  nitrate  solution  and  3  cc.  excess  free  nitric  acid  added.  The  liquid  is 
transferee!  to  an  electrolytic  jar  and  electrolysis  carried  out  in  the  manner  already 
described. 

The  amounts  of  bismuth,  arsenic,  antimony,  selenium  or  tellurium  usually  found 
in  blister  copper  may  be  precipitated  together  with  iron  present  by  addition  of  ammonia 
to  a  pipetted  portion.  The  filtered  precipitate  is  purified  of  copper  by  solution  with 
nitric  acid  ana  reprecipitation.  The  combined  filtrates  are  neutralized,  3i  cc.  of  free 
nitric  acid  added  and  the  solution  electrolyzed  under  the  conditions  already  described. 
The  nitric  acid  solution  of  the  incinerated  filter,  carrying  the  iron,  etc.,  is  added  to  the 
electrolyte  after  electrolysis  is  complete.  Tne  undeposited  copp)er  is  determined 
colorimetrically  by  one  of  the  procedures  outlined  on  pages  165,  166  or  167. 

The  deposited  copper  is  never  absolutely  pure.  The  total  impurities  seldom 
exceed  0.03%.    Ag  from  0.000  to  0.18%;  As  from  0.000  to  0.003%;  Sb  from  0.000 
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to  0.004%;  Se  and  Te  from  0.001  to  0.027%;  Bi  from  0.000  to  0.0003%.  Periodical 
complete  analyses  may  be  made  and  corrections  applied  to  the  anah'sis  where  ex- 
ceedingly accurate  percentages  are  required. 

Too  low  a  current  density  or  excessive  oxidizing  power  of  the  electrolyte  may  pro- 
duce high  results,  due  to  the  oxidation  of  the  deposited  copper.  Too  high  a  current 
density  or  a  deficiency  of  oxidizing  power  in  the  electrolyte,  by  causing  a  depositioa 
of  impurities,  will  give  high  results. 

Tne  electrodes  used  by  the  Nichols  Cojiper  Co.  arc  straight  platinum  wires  for 
the  j)ositive  anodes  and  cylinders  1}  in.  long,  1  in.  in  diameter  of  0.004  in.  irido- 
platmum  foil,  11)  sq.  in.  depositing  surface,  for  the  cathodes. 

A  uniform  current  is  essential. 

The  nitric  acid  used  should  be  free  of  iodic  acid. 

The  presence  of  oxide  of  nitrogen  gases,  or  a  chloride  in  an  acid  solution,  will  cause 
a  coarsely  crystalline  or  brittle  deposit,  under  conditions  which  in  their  absence  would 
produce  a  good  plating.  The  deposit  moreover  may  contain  platimmi  from  the  an  jde 
if  the  electrolyte  contains  a  chloride  salt. 

Silver  may  be  removed  from  the  electrolyte  by  filtration,  upon  precipitation  as  a 
chloride,  or  it  mav  be  deposited  with  the  copper  and  correction  maae  for  its  preaenoe 
from  the  result  of  a  separate  assay.  In  the  latter  case  the  copper  deposits  in  poor 
form,  unless  the  silver  be  first  plated  out  at  a  very  low  current  density. 

Solid  matter,  unless  removed,  will  contaminate  the  deposit  mechanically. 

Arsenic,  antimony,  selenium  or  tellurium  have  an  influence  on  the  physical  chaiacter 
of  the  deposit  which  may  affect  the  copper  result  beyond  the  sum  of  such  impuritm 
depositecf. 

In  the  process  of  preparing  an  electrolyte,  arsenic  may  be  eliminated  as  arsenioui 
fluoride  in  the  decomposition  of  seUcious  material  by  hydrofluoric  acid.  Selenium  ii 
ex])ellcd  by  evaporation  to  drync^ss  of  a  hydrochloric  acid  solution  or  by  fumins  a  sul- 
phuric acid  solution.  All  impurit ies  may  be  removed  by  occlusion  with  ferric  hyStudde^ 
several  times  their  weight  of  iron  being  added  and  the  hydroxide  then  precipitated  witk 
ammonia.  In  the  handling  of  copper  solutions,  account  is  to  be  taken  of  tne  reteatioB 
of  copper  in  the  ferric  hydroxide  precipitate,  and  the  combination  of  copper,  in  aminih 
niacal  solution,  with  cellulose. 

Whether  impurities  are  deposited  or  not,  appreciably  high  results  are  obtained  hj 
continuing  electrolysis  for  some  time  after  the  electrof3rte  nas  become  impoveriflhea 
of  copper.  High  results  may  also  be  obtained  by  a  drop  of  current  densitybeiov  a 
desired  limit  w-licrcby  the  copper  is  oxidized  by  the  action  of  nitric  acid.  The  aamt 
effect  may  also  be  brought  alwut  by  too  great  an  increase  of  temperature. 

Ovcrlicating  of  the  copper  dejiosit,  in  the  process  of  ignition  of  the  alcohol  ^'Hwginff 
to  the  cathode,  will  cause  oxidation  of  the  copper.     As  much  as  possible  of  thealooM  ^ 
must  be  shaken  off  before  passing  the  electrode  rapidly  through  the  flame.     It  is  advi^ 
ai)lc  to  weigh  the  copper  shortly  after  deposition,  as  prolonged  contact  with  air  is  und^ 
sirable,  if  extreme  accuracy  is  desired. 

The  c<)pi)cr  deposits  may  be  removed  by  plunging  the  electrode,  for  a  few  momently 
in  hot  nitric  acid.  After  washing  with  wat«r,  the  foil  is  i^ited  to  a  cherry  red  in  a 
direct  colorless  flame.  The  ignition  removes  any  grease  which  would  be  objectionabki, 
that  may  contaminate  the  platinum.  Alcohol  frequently  contains  oily  matter,  iriiidi 
will  cUng  to  the  electrode  in  spite  of  the  rapid  ignition  for  drying  the  deposit. 

OTHER  METHODS 

Determination  as  Cuprous  Sulphocyanate 

The  procedure  has  been  outlined  under  Separations  on  page  153. 

CuCXS  X  0.5226  =Cu. 

Determination  as  Copper  Oxide  ^ 

The  solution,  free  from  ammonium  salt^  and  organic  matter,  is  heated  19^ 
boiling  in  a  porcelain  dish  and  ])uro  potassium  hydroxide  solution  added,  dnf ' 

1"  Analytical  Chemistry,"  Treadwell  and  Hall. 
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)y  drop,  until  a  permanent  precipitate,  dark  brown  in  color,  is  formed.  The 
iolution  is  alkaline  to  litmus-paper.  The  precipitate  is  washed  by  decantation, 
transferred  to  the  filter  and  washed  with  hot  water  free  of  alkali.  The  precipi- 
tate and  filter  are  ignited  in  a  porcelain  dish,  first  gently  and  finally  with  the 
full  heat  of  a  Bunsen  burner.    The  residue  is  weighed  as  CuO.     ^ 

CuO  X  0.7989  =Cu. 


VOLUMETRIC  METHODS   FOR  THE  DETERMINATION 

OF  COPPER 

Potassium  Iodide  Method 

The  procedure  depends  upon  the  fact  that  cupric  salts  when  heated  with 
potassium  iodide  liberate  iodine,  the  cuprous  iodide  formed  being  insoluble  in 
dilute  acetic  acid  is  thus  removed,  no  reversible  reaction  taking  place. 

RmetionB.    2CuS04+4KI»2CuI+2K,S04+l3. 

The  liberated  iodine  b  titrated  with  standard  thiosulphate. 

2Na&0,+2I  =Na,S40.+2NaI. 


method  is  exceedingly  accurate.  Very  few  metals  interfere.  Bismuth, 
Kfenium,  trivalent  arsenic,  antimony  or  iron  should  not  be  present.  Lead,  mer- 
cury, and  silver  increase  the  consumption  of  iodide,  but  do  not  otherwise  interfere. 
Solotioiis.  Sodium  ThioBulphate.  7.5  grams  of  the  salt,  NajSxOs -511x0, 
tie  disBcdved  and  made  to  2  liters  with  water.  The  solution  is  standardized  against 
a  eopper  solution  containing  1  gmm  of  pure  copper  per  liter,  1  cc.  =0.001  gram 
Ca.  Af^noximately  the  same  amount  of  copper  is  taken  as  will  be  determined 
m  the  ores.  For  high-grade  copper  ores  and  crude  copper,  etc.,  it  is  advisable 
to  prepare  a  standard  thiosulphate  solution  ten  times  the  above  strength.  The 
eopper  solution  is  made  slightly  ammoniacal  and  then  acid  with  acetic  acid. 
FoUflsium  or  sodium  iodide  crystals,  free  from  iodate,  are  added  and  the  liberated 
iodiiie  titrated  with  the  standard  thiosulphate.     (See  Procedure.) 

Wei|dit  of  eopper  taken         ,       ,^         ,  ^y_    ^t-      ,  ,    .       i  ^- 

-rr — ,  ,       : — :  *  value  of  1  cc.  of  the  thiosulphate  solution* 

cc.  thiosulphate  required 

SimM^dmrd  Cogger  Solution,    One  gram  of  purest  electrolytic  copper  is  dis- 

nhred  in  20  cc.  of  dilute  nitric  acid,  sp.gr.  1.2,  and  the  solution  diluted  to  1000 

cc.    For  standardizing  the  thiosulphate  to  be  used  with  high-grade  copper 

m,  crude  eopper,  blister  copper,  etc.,  a  copper  solution  containing  ten  times 

1  Ike  above  amount  of  metallic  coppers  is  prepared. 

[     The  following  additional  reagents  are  required:   starch  solution,  solid  potas- 

\fbm  iodide,  50%  acetic  acid  solution,  and  other  common  laboratory  reagents. 

Note.     Sodium  thiosulphate  is  apt  to  change  in  strength    upon    standing,    so 
^i  restandardization  is  necessary. 

Procedure.  The  solution  containing  the  copper,  separated  from  inter- 
ring elementa,  by  precipitation  with  aluminum  powder  or  potassium  sulpho- 
^huiate,  is  evaporated  to  about  30  cc.  and  the  free  acid  neutralized  with  sodium 
9M)ODate,  or  ammonia,  and  then  made  slightly  acid  with  acetic  acid,  1  : 3, 
Hie  solution  becoming  clear,  about  3  grams  of  potassium  iodide,  or  the  equivalent 


Ifrt  COPPER 

ci  a  saturated  solution,  are  added  and  the  liberated  iodine  titrated  with  standard 
thiosulphate,  the  reagent  being  added  until  the  brown  color  changes  to  light 
yrilow  and  after  the  addition  of  starch  solution  until  the  blue  color  fades  out. 
The  end-point  is  very  sharp.  j 

Cc.  thiqsulphate  multiplied  by  value  of  reagent  gives  weight  of  copper  in{ 
sample. 

Notes.  Nitrous  oxides  should  be  expelled  before  neutralizing  with  alkalies.  A 
large  excess  of  acetic  acid  should  be  avoided.  The  solution  should  be  cool  and  con* 
tain  at  least  6  parts  of  KI  for  1  of  Cu,  e.g.,  1  Cu  =  5.2231  KI  =  1.9965  1=3.9034 
NajSs()|  •5HjO.    The  solution  should  be  concentrated,  40  to  60  cc. 

IV>f.  Gooch  recotnmends  a  volume  of  100  cc,  containing  no  more  than  3  cc. 
nitric,  sulphuric,  or  hydrochloric  acids,  or  25  cc.  of  50^o  acetic  acid,  with  5  granu 
potassium  iodide.  Two  to  3  grams  more  of  potassium  iodide  are  adaed  if  the  titra- 
tions are  large.     "  Methods  in  Chemical  Analysis." 

When  ferric  iron  is  the  only  disturbing  impuritv  and  no  nitrates  are  present,  the 
necessity  of  separation  of  copper  may  be  avoided  by  fixing  the  free  mineral  acid  by 
use  of  sodium  acetate  and  then  adding  a  clear,  4}  per  cent  solution  of  sodium  fluoride 
until  the  red  color  of  ferric  acetate  has  bleached  and  then  an  excess  of  10  cc.  (Jour. 
Sci.  Chem.  Ind.,  May  15,  1915,  p.  452;  Mott,  Chemist  Analyst,  July,  1912.) 

Arsenic  or  antimony  when  present  in  trivalent  form  may  be  oxiaized  by  treatment 
with  bromine,  chlorine,  hydrogen  peroxide  or  potassium  permanganate,  care  being 
taken  to  expel  or  reduce  any  excess  of  the  oxidizmg  agent  before  titration. 

Potassium  Cyanide  Method 

This  procedure  is  largely  employed  on  account  of  its  simplicity,  although 
it  does  not  possess  the  degree  of  accuracy  of  the  Iodide  Method.  The  procedure 
depends  upon  the  decoloration  of  an  ammoniacal  copper  solution  by  potassimn 
cyanide. 

The  operations  of  the  standardization  of  potassium  cyanide  and  of  making 
the  assay  should  be  as  near  alike  as  possible.  If  iron  is  present  in  the  assay 
it  should  be  added  to  the  standard  copper  solution  titrated,  in  order  to  become 
accustomed  to  the  end-point  in  its  presence. 

Silver,  nickel,  cobalt,  cadmium,  and  zinc  interfere  and  should  be  removed 
if  present  in  appreciable  quantities.  Precipitation  of  metallic  copper  by  alumi- 
num powder,  as  directed  under  Separations,  is  recommended  as  a  procedure 
for  iron  ores  and  briquettes.  In  presence  of  smaller  amounts  of  iron,  the  titra- 
tion may  be  made  in  presence  of  iron  suspended  in  the  solution.  It  is  not 
advisable  to  filter  off  this  precipitate,  as  it  invariably  occludes  copper.  With 
practice,  the  shade  of  color  the  iron  precipitate  assumes  at  the  end  of  the  reac- 
tion serves  as  an  indicator,  so  that  the  operator  is  assisted  rather  than  retarded 
by  its  presence.* 

2Cu(NH,)4S04H,0+7KCN  = 

K,NH4Cu,(CN).-fNH4CN0+2K,S04+6NH,-hH,O. 

Standard  Potassitim  Cyanide  Solution.  Thirty-five  grams  of  the  salt  are 
dissolved  in  water,  then  diluted  to  1000  cc. 

Standardization.    0.5  gram  of  pure  copper  is  dissolved  in  a  flask  by  warming 

Kth  10  cc.  of  dilute  nitric  acid  (sp.gr.  1.2),  the  nitrous  fumes  expelled  by  boiling, 

"  solution  neutralized,   diluted  and  titrated  as  directed  under  Procedure. 

Sutton,  "  Volumetric  Analysis."     Davies,  C.  N.,  68,  131.    J.  J.  and  C.  Beringer, 
L,  49,  3.    Dr.  Steinbeck,  Z.  a.  C,  8,  1;  C.  N.,  19,  181. 
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If  iron  is  present  in  the  samples  titrated,  it  is  advisable  to  add  iron  to  the 
standard  copper  solution  as  directed  above. 

0.5 

=wt.  Cu  per  cc.  of  standard  KCN. 


cc.  KC'X  solution 

Procedure.  The  solution  containing  the  copper  is  neutralized  with  sodium 
carbonate  or  hydroxide,  the  reagent  being  added  until  a  slight  precipitate  forms. 
One  cc.  of  ammonium  hydroxide  is  now  added  and  the  solution  titrated  with 
standard  potassium  cyanide  solution.  The  blue  color  changes  to  a  pale  pink; 
finally  a  colorless  solution  is  obtained.  In  presence  of  iron,  when  the  copper 
is  in  excess  of  the  cyanide,  the  iron  precipitate  possesses  a  purplish-brown  color, 
but,  as  this  excess  lessens,  the  color  becomes  lighter  until  it  is  finally  an  orange 
brown,  the  solution  appearing  nearly  colorless.  The  reagent  should  be  added 
from  a  burette  drop  by  drop  as  the  end-point  is  approached. 

Cc.  KCN  X factor  per  cc.  =  weight  Cu  in  assay. 


COLORIMETRIC  DETERMINATION  OF  SMALL  AMOUNTS 

OF  COPPER 

Potassium  Ethyl  Xanthate  Method 

The  method  Ls  based  upon  the  fact  that  potassium  ethyl  xanthate  produces 
a  yellow-colored  compound  with  copper.  The  reagent  added  to  a  solution 
containing  traces  of  copper  will  produce  a  yellow  color  varying  in  intensity  in 
direct  proportion  to  the  amount  of  copper  present.  Larger  amounts  of  copper 
with  the  reagent  produce  a  bright  yellow  precipitate  of  copper  xanthate.  Small 
quantities  of  iron,  lead,  nickel,  cobalt,  zinc,  or  manganese  do  not  interfere.  The 
procedure  is  especially  valuable  for  determination  of  the  purity  of  salts  crys- 
tallized in  copper  pans. 

Special  Solutions.  Stock  Solution  of  Ck>pper  Sulphate,  3.928.3  grams 
CuS04-5HjO  are  dissolved  in  water  and  made  up  to  a  volume  of  1000  cc.  One 
cc.  is  equivalent  to  0.001  gram  Cu. 

Standard  Copper  Sulphate.  Ten  cc.  of  the  stock  solution  are  diluted  to  1000 
cc.  with  distilled  water.    One  cc.  =0.00001  gram  Cu. 

Potassium  Ethyl  Xanthate  Solution.  One  gram  of  the  salt  is  dissolved  in 
1000  cc.  of  water.  The  solution  is  kept  in  an  amber-colored  glass-stoppered 
bottle. 

Procedure.  Five  grams  of  the  substance  are  dissolved  in  90  cc.  of  water 
ivee  note)  and  the  solution  poured  into  100-cc.  Nessler  tube;  10  cc.  of  the  potas- 
sixun  xanthate  reagent  are  added  and  the  solution  mixed  by  means  of  a  glass 
plunger.  To  a  similar  tube  containing  50  or  60  cc.  of  water  are  added  10  cc. 
of  the  xanthate  reagent  and  then  gradually  drop  by  drop  the  standard  copper 
?<iIution  from  a  10-cc.  burette  (graduated  in  ^  cc.)  until  the  colors  in  both 
tuliee  match. 

If  a  =  grams  of  the  substance  taken  for  analysis,  6=  number  of  cc.  standard 
copper  solution  required  to  match  the  sample;  then  6X0.00001  X  100-^a  =%  Cu. 

SiyrER,    The  amount  of  the  substance  to  be  taken  varies  according  to  its  copper 
eon  tent.    The  greater  the  copper  contamination  of  the  salt,  the  less  sample  required. 
The  solution  should  be  neutral  or  only  very  slightly  acid. 
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In  place  of  the  Nessler  tubes  the  special  colorimetric  apparatus  described  unda 
Titanium  and  under  Lead  may  be  used.  A  veiy  weak  copper  standard  will  be 
required  for  the  comparison  tube. 

If  the  substance  is  insoluble  in  water  the  copper  is  rendered  soluble  by  tml- 
ment  with  nitric  acid.  Hydrochloric  acid  is  added  and  the  nitric  expelled  by  evuo- 
ration.    The  substance  is  taken  up  with  water  and  the  insoluble  residue  filtered  offT 

Starch  and  organic  matter  are  destroyed  by  addition  of  10  cc.  10%  sodim 
hydroxide 4- 10  cc.  of  saturated  sodium  nitrate  solution,  then  evaporating  to  dijiw 
and  igniting.  Hydrochloric  acid  is  now  added  to  expel  the  nitric  acid  as  direded 
above. 

Ferrocyanide  Method  for  Determination  of  Small  Amounts 

of  Copper 

By  this  colorimetric  method  it  is  possible  to  detect  one  part  of  copper  k 
2,500,000  parts  of  water.  The  procedure  depends  upon  the  purplish  to  chooohl^ 
brown  color  produced  by  potassium  ferrocyanide  and  copper  in  dilute  sohitioni. 
The  procedure  is  applicable  to  the  determination  of  copper  in  water  and  mty 
be  iised  in  presence  of  a  number  of  elements  that  occur  in  slags.  Iron  abo 
produces  a  colored  compound  with  ferrocyanide  (1  part  Fe  detected  in  13  miDka 
parts  HsO),  so  this  element  must  be  removed  from  the  solution  before  testing 
for  copper. 

Solutions.  Standard  Ck^pper  Solution.  0.393  gram  CuS04-5HiO  per  liter. 
1  cc. -0.0001  gramCu. 

Ammonium  Nitrate.     100  grams  of  the  salt  per  liter. 

Potassium  Ferrocyanide.    Four  grams  of  the  salt  per  100  cc.  of  solution. 

Procedure.  A  volume  of  5  to  20  drops  of  potassium  ferrocyanide,  accoid- 
ing  to  the  amount  of  copper  present  in  the  solution,  is  placed  in  a  tall,  deir, 
glass  cylinder  or  Nessler  tube  of  150  cc.  capacity,  5  cc.  of  ammonium  nitnte 
solution  added  and  then  the  whole  or  an  aliquot  portion  of  the  neutral  ^  solutn 
of  the  assay.  The  mixture  is  diluted  to  150  cc.  The  same  amount  of  ferrocyanide 
and  ammonium  nitrate  solutions  are  poured  into  the  comparison  cylinder,  placed 
side  by  side  with  the  one  containhig  the  sample,  on  a  white  tile  or  sheet  of  white 
paper.  The  standard  copper  solution  is  now  run  from  a  burette  into  the 
comparison  cylinder,  stirrhig  during  the  addition,  until  the  color  matches  thift 
of  the  assay.  The  number  of  cc.  required  nmltiplied  by  0.0001  gives  the  weight 
of  copper  in  the  sample  contained  in  the  adjacent  cylinder. 

Amount  of  Cu XI 00        ^  ^    .    .,  , 

jr- — T  ="%  Cu  m  the  sample. 

Wt.  of  sample  compared 

Notes.  The  solution  must  be  neutral,  as  the  copper  compound  is  soluble  in  ammO" 
nium  liydroxide  and  is  decomposed  by  the  fixed  allcalies.  If  the  solution  contains  fni 
alkalies,  it  is  made  slightly  acid  and  then  the  acid  neutralised  with  ammoma,  added 
in  slight  excess.    This  is  boiled  to  expel  the  excess  of  ammonia,  and  then  tested  aeeoid- 


ing  to  the  directions  under  "  Procedure."    Solutions  containing  free  acids  are 
tralizcd  with  ammonia. 

Iron  may  be  removed  by  precipitation  with  ammonia.  As  this  hydroxide  oocfaidei 
copper,  the  ])recipitate  should  be  dissolved  and  reprecipitated  to  recover  the  oedudBi 
copper. 

Determination  of  copper  in  water  is  accomplished  by  evaporating  a  quanti^ 
of  water  to  drynefw?,  takmg  up  the  residue  with  a  little  water  containing  1  cc.  nitni 
acid,  the  residue  having  been  ignited  to  destroy  organic  matter,  precipitating  iroi 
witli  ammonia,  as  direct^  above,  and  determining  copper  in  the  filtrate. 

The  colorimeter  used  in  determination  of  traces  of  lead  and  for  the  colorimetril 
determination  of  titanium  may  be  employed  in  place  of  the  Nessler  tubes. 
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Ammonia  Method  for  Determining  Small  Amounts  of  Copper 

In  the  absence  of  organic  matter,  nickel  and  elements  giving  a  precipitate 
with  ammonia,  copper  to  an  upper  limit  of  10  milligrams  can  be  determined  by 
comparison  of  the  depth  of  the  blue  tint  of  its  ammonium  solution  with  a  tem- 
porary or  {permanent  standard  copper  solution  of  equal  volume.  Permanent 
standard  solution  of  copper  sulphate,  free  of  nitrate,  if  kept  cool  and  away  from 
the  direct  sunlight,  lasts  for  a  long  time.^ 

Hydrogen  Sulphide  Method 

In  the  absence  of  elements  precipitated  by  hydrogen  sulphide,  copper  to  the 

limit  of  about  1  milligram,  in  a  solution  not  too  strongly  acid  with  sulphuric  or 

hydrochloric  acid,  may  be  determined  by  comparison  of  its  sulphide  with  that  of 

a  known  quantity  of  copper  in  equal  volume  and  similarly  treated.    The  liquid 

riiould  be  cold  and  the  passage  of  the  hydrogen  sulphide  stopped  before  the 

eompound  coagulates. 

Note.  Either  the  ammonia  or  the  hydrogen  sulphide  method  is  applicable  to  the 
determination  of  the  copper  not  deposited  in  the  operation  of  the  electrolytic  method. 

DETERMINATION   OF   IMPURITIES   IN   BLISTER  AND 

REFINED  COPPER 

IntroducMdIl.     In  the  complete  analysis  of  copp>er  the  following  impurities 
are  generally  estimated:  silver,  gold,  lead,  bismuth^  arsenic,  antimony,  selenium, 
tellurium,  iron,  zinc,  cobalt,  nickel,  oxygen,  sulphur,  and  less  commonly,  tin 
and  phosphorus.    In  high  grades  of  blister  and  in  refined  copper  the  percentage 
of  these  impurities  is  very  low,  the  blister  copper  usually  averaging  over  90.0% 
copper  with  silver  and  the  refined  copper  over  99.93%  of  the  metal.    The  principal 
impurity  in  the  refined  element  is  oxygen,  which  may  be  present  to  the  extent 
of  .02  to   .10%,  the  remaining  impurities  being  in  the  third  decimal  place. 
From  this  it  is  readily  seen  that  large  samples  are  required  for  the  accurate 
detennination  of  these  constituents.    The  amount  of  sample  taken  in  blister 
copper  depends  upon  the  grade  of  copp>er  analyzed.     The  impurities  in  this 
van'  from  tenths  of  a  per  cent  to  thousandths,  as  the  meta^  from  one  locality 
may  contain  quite  appreciable  amounts  of  a  constituent,  wliich  may  be  present 
only  in  extremely  small  quantities  or  not  at  all  in  copi>er  from  a  different  section. 
In  a«ual  practice  it  is  customary  to  take  from  10  to  50  grams  of  blister  and  50 
to  500  grams  of  refined  copper  for  analysis,  depending  upon  tlie  purity  of  the 
material.     If  a  larger  sample  than  50  grams  is  taken,  it  is  necessary  to  di\i(ie 
the  material  into  several  lots,  and,  after  removal  of  tlie  bulk  of  copper  and  isola- 
tion of  the  impurities,  to  combine  the  filtrates  or  residues  containing  the  con- 
stituents sought. 

In  the  procedures  the  smallest  amount  of  sample,  10  grams,  is  taken  as 
the  baf«Ls  of  calculation  for  amounts  of  reagents  used.  For  larger  samples,  in 
the  initial  treatment  for  removal  of  copper,  proportionately  larger  amounts  of 
the  reagents  are  required,  i.e.,  multiples  of  from  2  to  5  times  the  amount  stated. 
A  i^^-tpmni  sample  is  the  largest  amount  of  material  liaiulled  in  one  lot. 

Scrupulous  care  must  be  exercised  throughout  the  analysis  to  prevent  con- 

^  Heath,  Jour.  Am.  Chem.  Soc,  19,  21. 
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tamination  of  the  sample  or  reagents,  and  to  avoid  loss  of  constituents.  The 
reagents  used  should  be  free  from  the  substance  sought  or  from  interfering  sub- 
stances. It  is  the  practice  to  carry  blank  tests  of  the  reagents  through  under 
conditions  similar  to  a  regular  analysis  for  iron,  lead,  zinc,  arsenic  antimony  and 
sulphur. 

It  is  found  best  to  determine  the  impurities  in  several  portions,  i.e.,  gold 
and  silver  by  assay;  bismuth  and  iron  in  one  portion;  lead,  zinc,  cobalt,  and 
nickel  in  a  second;  arsenic,  antimony,  selenium,  and  tellurium  in  a  third;  and 
separate  portions  for  sulphur,  oxygen,  phosphorus  and  tin,  when  these  are 
occasionally  required. 

Determination  of  Bismuth  and  Iron 

Separation  of  Copper.  Amount  of  Sample,  Blister  copper  10  to  25  grams, 
refined  copper  100  to  600  grams.  The  drillings  are  dissolved  in  a  large  beaker 
in  40  cc.  of  nitric  acid  per  10-gram  sample  and  the  free  acid  expelled  by  boiling. 
The  solution  should  not  become  basic  during  the  evaporation.  Water  is  added 
to  make  the  volume  130  cc.  per  10  grams  or  proportionately  more  for  larger 
samples.  Ammonia  is  now  added  in  sufficient  excess  to  hold  the  copper  in 
solution  and  5  cc.  of  saturated  ammonium  carbonate  solution  and  the  sample 
diluted  to  200  cc.  (25  cc.  (NHOiCOi  per  50  grams,  and  dilution  to  1000  cc). 
The  beaker  is  placed  on  the  steam  bath  for  several  hours,  preferably  over  night. 
The  solution  is  filtered  hot  (to  avoid  crystallization  of  the  copper  salt),  the  first 
100  cc.  being  refiltered,  and  the  residue  washed  with  hot  water  containing  a 
little  ammonia.  By  this  procedure  the  copper  passes  into  the  filtrate  and 
bismuth  and  iron  remain  in  the  residue  on  the  filter. 

Separation  of  Iron  and  Bismuth.  The  precipitate  is  dissolved  in  warm, 
dilute  hydrochloric  acid  (1  :  3),  ammonia  added  to  the  solution  in  sufficient 
amount  to  almost  neutraHze  the  acid  and  the  solution  then  saturated  with  hydro- 
gen sulphide.  After  settling  some  time,  the  precipitate  containing  bismuth  sul- 
phide is  filtered  off,  iron  passing  into  the  solution. 

Determination  of  Iron.  Hydrogen  sulphide  is  expelled  by  boiling  the 
filtrate,  and  iron  oxidized  by  addition  of  hydrogen  i>eroxide,  or  potassium 
chlorate  (nitric  acid  should  not  be  used).  The  solution  is  evaporated  to  dr>'- 
ness  and  iron  then  determined  in  the  residue  by  the  stannous  chloride  method, 
details  of  which  may  be  found  in  the  chapter  on  Iron,  page  221. 

Determination  of  Bismuth.  The  sulphides  remaining  on  the  filter  are 
dissolved  in  nitric  acid,  the  solution  evaporated  with  sulphuric  acid  to  SO3  fumes 
to  expel  nitric  acid,  the  concentrate  diluted  with  water,  and  lead  filtered  off.  Bis- 
muth is  precipitated  in  the  filtrate  by  addition  of  ammonia  in  slight  excess, 
followed  by  10  cc.  of  a  saturated  solution  of  ammonium  carbonate,  and  boiling. 
The  precipitate  is  settled  for  several  hours  or  over  night  if  preferred,  and  then 
separated  by  filtration.  This  is  now  dissolved  in  the  least  amount  of  nitric 
acid,  added  to  the  filter  drop  by  drop  from  a  burette  and  bismuth  determined 
in  the  solution  by  the  cinchonine  iodide  method,  given  in  detail  in  the  chapter 
on  Bismuth,  page  69. 

Notes.  An  excess  of  nitric  acid,  or  the  presence  of  cadtnium,  lead,  silver,  or 
hydrochloric  acid  interferes  with  the  colorimetric  procedure. 

In  analysis  of  refined  copper  several  50-gram  portions  are  taken  for  analysis, 
ten  such  portions  on  a  500-gram  sample;  the  filtrates,  obtained  upon  dissolving  the 
residue  freed  from  copper,  are  combined  and  bismuth  and  iron  determined  on  this 
combined  solution. 


COPPER  169 


Determination  of  Lead,  Zinc,  Nickel,  and  Cobalt 

Removal  of  Copper.  Ten  to  25  grams  of  blister  copper,  and  100  to  250 
grams  of  refined  copper  in  25-gram  portions  are  taken  for  analysis.  The  metal 
is  dissolved  in  nitric  acid  (40  cc.  per  10  grams)  and  the  solution  boiled  until 
a  faint  green  precipitate  begins  to  appear  on  the  surface  of  the  solution. 
The  free  acid  being  expelled,  the  solution  is  made  faintly  acid  by  adding  1  to 
2  cc.  of  nitric  acid,  the  solution  diluted  300  to  700  cc,  according  to  the  amount 
of  copper  taken,  and  then  electrolyzed  with  a  current  of  1.5  to  2  amperes  for 
thirty-six  hours,  with  a  spiral  anode  and  a  cathode  with  about  160  cm.  depositing 
surface.  The  solution  should  remain  slightly  acid  throughout  the  electrolysis, 
otherwise  cobalt,  nickel,  and  zinc  may  be  precipitated  as  hydroxides  from  a 
Deutral  solution.  When  the  copper  is  nearly  removed,  the  electrodes  are  dis- 
connected, and  removed. 

The  solution  is  concentrated  by  boiling,  a  few  crystals  of  oxalic  acid  added, 
and  the  anode  (which  may  be  coated  with  PbOO  immersed  in  the  hot  solution 
for  a  few  minutes,  then  rinsed  off  into  the  solution. 

Separation  of  Lead.  The  solution  is  evaporated  to  small  volume,  about 
40  cc.  of  dilute  sulphuric  acid  (1:1)  are  added  and  the  mixture  evaporated 
to  SOi  fumes.  The  cooled  concentrate  is  diluted  with  100  cc.  of  water  and 
again  evaporated  to  fumes.  About  300  cc.  of  water  added  and  when  the  soluble 
salts  have  dissolved,  the  solution  is  filtered  and  the  residue,  PbSOi,  washed. 
The  filtrate  contains  Zn,  Ni,  Co,  etc. 

Determination  of  Lead.  The  residue,  PbS04,  is  dissolved  by  successive 
treatments  with  ammonium  acetate  and  hot  water,  the  lead  precipitated  from 
the  solution,  made  slightly  acid  with  acetic  acid,  by  adding  a  slight  excess  of 
potassium  chroma te  and  the  element  determined  as  lead  chroma te  according 
to  the  standard  procedure  for  lead.    See  page  238  in  the  chapter  on  Lead. 

Removal  of  the  Hydrogen  Sulphide  Group.  The  filtrate  from  the  lead 
.«ulphate  is  saturated  with  HiS  and  filtered.  The  filtrate  contains  zinc,  cobalt, 
and  nickel.  To  recover  any  occluded  zinc,  the  precipitate  is  dissolved  in  nitric 
acid,  taken  to  fumes  with  sulphuric  acid,  diluted  to  about  200  cc,  and  again 
treated  with  H2S.  The  filtrate  from  this  precipitate  is  combined  with  the  first 
porticm.    The  precipitate  is  rejected. 

Removal  of  Iron.  This,  if  present,  will  be  found  in  the  filtrate.  The 
H:S  is  expelled  by  boiling  and  the  solution  concentrated  to  400  cc.  after  adding 
5  cc.  of  lUOt  to  oxidize  the  iron.  Five  grams  of  ammonium  sulphate  are  added, 
the  8^)lution  made  strongly  ammoniacal,  and  filtered.  Iron  is  precipitated  as 
Fe(()H)a  and  is  thus  removed.  If  much  iron  is  present,  a  double  precipitation 
is  advisable  to  recover  any  occluded  zinc,  nickel,  or  cobalt,  and  the  filtrates 
combined. 

Detennination  of  Zinc.  The  filtrate  from  iron  is  concentrated  to  400 
cc,  then  made  neutral  to  litmus  by  cautious  addition  of  dilute  sulphuric  acid, 
drop  by  drop,  and  then  faintly  acid  with  3  drops  in  excess.  Zinc  is  now  pre- 
cipitated as  the  sulphide  by  saturating  the  solution  with  H2S  and  allowing 
to  stand  over  night.  The  sulphide  is  filtered  off.  The  filtrate  contains  cobalt 
and  nickel. 

Zinc  sulphide  is  dissolved  in  hot  dilute  HCl  (1:2)  and  a  few  cr>'stals  of 
KCIOa.  The  solution  is  evaporated  to  dryness,  the  residue  taken  up  water  con- 
taining a  few  drops  of  HCl  and  the  extract  filtered.     (To  remove  any  Si02  dis- 
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solved  from  the  beakers.)    Zinc  carbonate  is  now  precipitated  (in  a  beaker  of 
glass,  which  does  not  contain  zinc)  from  the  filtrate  by  addition  of  sodium  cailxm-  ^t 
ate,  and  ignited  to  the  oxide  ZnO. 

ZnO  X  0.8034  =Zn. 

Determination  of  Nickel  and  Cobalt.  The  filtrate  from  the  zinc  sulpUdB 
is  examined  for  nickel  and  cobalt.  About  0.5  cc.  of  sulphuric  acid  is  adiUL 
HsS  is  expelled  by  boiling,  and  2  cc.  of  H2O1  added.  The  solution  is  concentratol 
to  about  400  cc.  (this  should  be  free  from  nitric  acid),  treated  with  aboirt 
25  cc.  of  ammonium  hydroxide,  and  electrolyzed  over  night  with  a  current  ol  Oi 
amperes.  Nickel  and  cobalt,  if  present,  are  deposited  on  the  cathode  as  meteb 
and  so  determined.  For  greater  details,  consult  the  chapter  on  Nickel  uodff 
the  method  by  electrolysis. 

Determination  of  Arsenic,  Antimony,  Selenium,  and  Tellurium 

Separation  of  Copper.  Ten  to  50  grams  of  blister  copper  and  100  to 
500  grams  of  refined  copper  are  required  for  the  determination.  (For  500-giaiBi 
sample,  5  lots  of  100  grams  are  taken.)  The  drillings  are  dissolved  in  nitric  wai 
(40  cc.  per  10  grams)  and  the  solution  boiled  until  a  light-green  precipiUte 
appears  on  the  surface.  The  liquor  is  diluted  to  500  cc,  and  5  cc.  of  ferric 
nitrate  containing  3%  of  iron  are  added.  A  basic  acetate  precipitate  is  now  made, 
weak  sodium  hydroxide  being  added  to  neutralize  the  free  acid,  but  not  ii 
sufficient  amount  to  produce  a  permanent  precipitate.  If  the  end-point  ii 
overrun,  nitric  acid  is  added  drop  by  drop  uDtU  the  solution  clears.  Tta 
solution  is  diluted  to  about  800  cc,  20  cc.  of  a  saturated  solution  of  aodina 
acetate  added,  the  liquor  brought  to  boiling  and  filtered  hot  through  a  hi^ 
creased  filter  paper,  the  first  portion  of  the  filtrate  being  poured  back  on  the 
filter.  The  residue  is  washed  twice  with  hot  water  to  remove  the  copper.  Fin 
cc  additional  iron  are  added  to  the  filtrate  and  a  second  basic  acetate  precipitatioa 
made,  a  separate  filter  being  used.  The  precipitates  are  dissolved  in  the  kist 
amount  of  nitric  acid  necessary  and  the  solutions  combined.  The  liquid  ii 
concentrated  to  150  cc,  a  pinch  of  potassium  chlorate  added,  and  the  000- 
centration  continued  until  the  volume  has  been  reduced  to  about  30  cc.  An 
equal  volume  of  strong  hydrochloric  acid  is  added  and  a  second  pinch  of  chlonte  ] 
and  the  evaporation  repeated  to  eliminate  all  traces  of  nitric  acid. 

The  evaporation  is  best  conducted  in  a  casserole,  resting  in  the  circultf 
opening  of  an  asbestos  board,  in  order  that  the  sides  of  the  vessel  may  be  pro- 
tected from  the  flame. 

Separation  and  Determination  of  Arsenic.  The  solution  is  transferred 
to  a  distillation  flask,  arsenic  reduced  with  ferrous  chloride,  and  distilled  acoordiog 
to  the  standard  procedure  for  this  element,  p.  33.*  In  this  distillate  arsenic  ii 
determined  volumetrically.'  (See  chapter  on  subject.)  Antimony,  selenium 
and  tellurium  remain  in  the  flask. 

Separation  and  Determination  of  Antimony.    Twenty-five  cc.  of  a  satunted 
a  of  zinc  chloride  are  added  to  the  liquor  remaining  in  the  distilling 

J  conrcnt ration  shoulci  not  be  carried  below  30  cc. 

enic  may  he  precipitated  by  H2S,  the  sulphide  dissolved  in  NH4OH,  the  filtnte 
»  dryness,  HXO3  added  and  the  evaporation  repeated.    Arsenic  now  is  detcr- 
>y  precipitation  with  AgNOa  and  titration  of  the  silver  with  KCNS  in  presenee 
/ric  salt.    AgX0.2316=A8. 
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flask  after  the  elimination  of  arsenic.  The  antimony  is  now  distilled,  strong 
hydrochloric  acid  being  introduced  in  the  distilling  flask  drop  by  drop  by  means 
of  a  separatory  funnel,  to  replace  the  solution  distilled,  the  volume  in  the  flask 
being  kept  as  low  as  possible,  avoiding  crystallization.  When  the  antimony 
has  been  completely  eliminated,  the  contents  of  the  distilling  flask  is  poured 
out  while  still  hot,  and,  together  with  the  rinsings  of  the  flask,  placed  aside 
fcR*  the  subsequent  determination  of  selenium  and  tellurium. 

The  distillate  is  neutralized  with  ammonia,  then  made  slightly  acid  with 
HCl  and  antimony  precipitated  with  H2S.  Most  of  the  selenium  and  tellurium 
remain  in  the  flask.  Some  c  f  the  selenium,  however,  distills  with  the  antimony, 
hence  this  must  be  recovered  from  the  antimony  sulphide  precipitate  and  at 
the  same  time  this  must  be  purified. 

The  precipitate  is  dissolved  in  dilute  HCl  (1  :  2),  containing  a  little  bromine 
to  oxidize  the  sulphur.  The  solution  is  filtered  free  from  sulphur  and  the  filter 
washed  with  a  little  dilute  HCl.  The  filtrate  should  contain  one-third  its  volume 
of  strong  HCl.  Selenium  is  now  precipitated  by  passing  in  SOj  gas  to  satura- 
tion and  bringing  the  solution  to  boiling.  The  precipitate  is  allowed  to  settle 
several  hours  and  then  filtered  through  a  tared  Gooch  crucible.  (To  this  is 
added  the  selenium  and  tellurium  later  obtained  from  the  residue  of  the  flask.) 
The  filtrate  contains  antimony. 

After  boiling  out  the  SOs,  the  filtrate  is  first  neutralized  with  ammonia,  then 
made  slightly  acid  with  hydrochloric  acid  and  antimony  precipitated  as  the 
sulphide  by  saturating  the  solution  with  H2S,  allowing  the  precipitate  to  settle, 
resaturating  with  H2S  and  again  allowing  to  settle.  The  filtered,  washed  pre- 
cipitate is  dissolved  with  sodium  sulphide,  and  10  cc.  of  25%  p>otassium  cyanide 
(poison)  added  to  the  filtrate,  together  with  2  cc.  of  25%  sodium  hydroxide. 

The  solution  is  now  electrolyzed  hot  (90°  C.)  for  an  hour  with  a  current  of 
0.5  ampere  and  antimony  deposited  as  the  metal  on  the  cathode.  This  is 
quickly  removed  and  washed  by  dipping  it  successively  into  a  beaker  of  cold 
water,  three  of  hot  water  and  one  of  95%  alcohol.  The  foil  is  dried  at  100®  C, 
and  then  weighed,  on  cooUng,  as  usual.  Antimony  is  now  removed  by  immersing 
the  cathode  in  boiling  nitric  acid  containing  tartaric  acid,  and  washing  as 
before.    The  loss  of  weight  of  the  foil  is  taken  as  antimony. 

Note.  It  is  advisable  to  test  the  electrolyte  for  antimony  by  acidifying  the  solu- 
tion with  oxalic  acid  (Hood).  A  reddish  coloration  indicates  the  incomplete  removal 
ot  the  element. 

Determination  of  Selenium  and  Telluritmi.  The  solution  from  the  dis- 
tillation flask  is  nearly  neutralized  with  ammonia  and  saturated  with  HzS. 
The  precipitate  is  filtered  off  and  dissolved  in  equal  parts  of  nitric  acid  (sp.gr. 
1.42)  potassium  bromide  bromine  solution  (20  cc.  Br  added  to  a  saturated 
solution  of  KBr  and  diluted  to  200  cc).  The  liquor  is  diluted  to  400  cc,  5  cc 
of  ferric  nitrate  (3%  Fe'")  solution  added,  and  sufficient  ammonia  to  make  the 
solution  decidedly  alkaline.  The  precipitate  contains,  besides  the  iron,  all  of 
the  selenium  and  tellurium,  whereas  any  copper  that  may  have  been  present 
is  ramoved.  The  precipitate,  washed,  is  dissolved  in  hydrochloric  acid,  the 
free  acid  nearly  neutralized  and  H2S  passed  in  to  saturation.  The  precipitate 
is  filtered  off,  washed,  and  dissolved  in  the  nitric  acid  potassium  bromide  and 
bromine  mixture  stated  above.  The  solution  is  filtered  and  then  sufficient  hydro- 
chloric acid  added  to  make  the  solution  contain  about  one- third  its  volume  of 
strong  HCl.    Selenium  and  tellurium  are  precipitated  from  this  solution  by  pass- 
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ing  in  SO2  to  saturation,  and  boiling  for  a  minute  or  so.  The  precipitate  is  now 
filtered  into  the  crucible  containing  the  selenium  obtained  in  the  purification  of 
the  antimony  precipitate.  After  washing  with  hot  water  and  once  with  95^ 
alcohol,  the  residue  is  dried  at  100®  C.  for  an  hour  and  weighed  as  selenium  and 
tellurium. 

Note.  The  precipitate  of  selenium  and  tellurium  may  contain  gold,  which  should 
be  determined  by  assay. 

Determination  of  Oxygen 

This  determination  is  required  only  in  refined  copper.  The  method  depends 
upon  the  reduction  with  hydrogen  of  cuprous  oxide,  heated  to  redness,  the 
water  formed  by  the  reaction  being  the  measure  of  the  oxygen. 

Apparatus.  The  combustion-furnace  is  the  same  as  that  used  for  the 
determination  of  carbon.  As  it  is  necessary  that  the  hydrogen  be  absolutely 
free  from  oxygen  and  moisture,  the  gas  is  passed  through  a  preheater,  con- 
sisting of  a  platinum  or  silica  tube  of  small  bore  heated  to  redness  by  a  flame 
or  an  electrical  device.  The  gas  is  then  passed  through  a  tube  containini 
calcium  chloride  and  finally  through  a  P2O6  bulb  containing  the  anhydride. 
In  this  purified  form  it  enters  the  combustion-tube.  The  product  of  com- 
bustion, water,  is  absorbed  in  a  tared  bulb  by  P2O8,  to  which  is  attached  a  tube 
of  calcium  cliloride. 

Procedure.  The  sample,  which  has  been  drilled  with  considerable  care 
to  avoid  overheating,  is  dried  under  partial  vacuum  in  a  desiccator  after  wanning 
to  below  70**  C.  for  a  few  minutes. 

One  hundred  grams  are  taken  for  analysis  and  placed  in  the  combustion 
tube,  the  drillings  being  held  in  a  large  boat.  Purified  hydrogen  is  rapidly 
passed  through  the  tube  for  half  an  hour  to  sweep  out  the  air,  the  tube  being 
cold.  The  tared  PjOs  bulb  and  the  calcium  chloride  tube  are  now  attached. 
The  heat  is  turned  on  to  bring  the  sample  to  red  heat  (about  900**)  and  the 
current  of  hydrogen  i)assed  slowly  over  the  sample  for  several  hours. 

The  increase  of  weight  of  the  PjO*  bulb  =H20. 

H2OXO.888I  =0.     0X4.9687  =CuO. 


Determination  of  Sulphur 

This  detenninatiou  is  rarely  required  in  refined  copper. 

Twenty  grams  of  blister,  unrefined  or  cement  copper,  placed  in  a  casserole, 
are  treated  cold  with  50  cc.  bromine-i)otassium  bromide  mixture  (see  under 
Determination  of  Sclonimn  and  Tellurium).  After  standing  at  least  ten 
miimtes,  100  vv..  of  strong  nitric  acid  are  added.  After  another  ten  minutes 
the  casserole  is  i)laccd  on  the  stcana  bath  and  the  solution  evaporated  to  small 
volume.  This  is  taken  up  with  25  cc.  of  strong  hydrochloric  acid  and  evaporated 
to  a  pasty  mass.  The  treatment  is  reix^ated  to  ensure  the  decomposition  of 
nitrates  and  to  expel  nitric  acid.  It  is  now  taken  up  with  5  cc.  of  hydrochloric 
^cid,  diluted  with  water  and  sulphuric  acid  precipitated  as  BaS04,  according 

the  standard  procedure  for  sulphur.     See  p.  395, 

BaSO4X0.1374=S. 
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Determination  of  Phospliorus 

This  determination  is  seldom  required,  and  then  only  in  low-grade  copper 
and  copper  scrap  containing  phosphor  bronze.  The  sample,  dissolved  in  nitric 
acid,  is  treated  with  ferric  nitrate  and  the  basic  acetate  precipitation  made  as 
has  been  described  for  the  determination  of  arsenic,  etc.  The  precipitate  is 
dissolved  in  HCl,  this  solution  then  made  strongly  ammoniacal,  and  saturated 
with  HjS,  and  filtered.  The  filtrate  containing  the  arsenic  and  phosphoric 
acid  is  acidified,  arsenic  sulphide  and  sulphur  filtered  off,  and  phosphoric  acid 
determined  in  the  filtrate  by  precipitation  with  magnesia  mixture  as  usual. 
See  chapter  on  Phosphorus. 

Mg2P,07X.2787=P. 

DETERMINATION  OF  COPPER  IN  REFINED  COPPER 

In  determining  the  quality  of  copper  for  electrical  purposes  each  hundredth 
of  a  percent  above  99.90  has  its  significance.  The  methods  employed  are  the  elec- 
trolytic and  the  hydrogen  reduction  methods. 

Electrolytic  Method.^  The  sample,  consisting  of  unground  drillings,  should 
be  untarnished,  free  of  grease  or  oil,  and  cleaned  of  particles  of  iron  by  use  of  a 
good  magnet. 

Procedure.  A  catch  weight  of  about  5  grams  is  taken,  each  piece  being  ex- 
amined for  dust,  particles  from  the  drill  and  surface  oxidation,  before  it  is 
placed  on  the  balance  pan.  Solution  is  effected  in  a  special  400  cc. 
beaker,  which  has  hipped  sides  to  support  a  series  of  watch 
glasses,  the  lower  hip  at  the  125  cc.  mark,  the  upper  at  350  cc. 
(Fig.  32.) 

The  drillings  are  treated  with  50  cc.  of  a  stock  solution  (10.5 
p  rts  nitric  acid  and  4.5  parts  of  sulphuric).  The  watch-glass 
traps  are  put  in  place  to  retain  the  copper  which  is  always 
entrained  in  the  nitrogen  peroxide  fumes.  Except  that  the  cur- 
rent is  maintained  at  .75  ampere  throughout  the  period  of  elec-  Fiq.  32. 
trolysis,  the  conditions  are  the  same  as  have  been  described  for 
the  determination  of  copper  by  the  "  Small  Portion  Method."     (Page  159.) 

Hydrogen  Reduction  Method.  This  method  is  applicable  to  the  determina- 
tion of  copper  in  such  grades  of  refined  copper,  which  are  cha' acterized  by  a 
metallic  impurity  content  which  is  constant  and  is  less  than  0.01  percent.  The 
apparatus  consists  of  a  combustion  furnace,  preferably  electrolytically  heated, 
the  temperature  of  which  can  be  kept  constant  at  about  950®  C. ;  a  sihca  tube  of 
1  in.  bore,  one  end  of  which  is  connected  with  a  large  Peligot  tube  containing 
concentrated  sulphuric  acid,  the  other  end  is  connected  by  a  rubbe*  plug  and 
flexible  tube  with  a  source  of  purified  hydrogen;  porcelain  combustion  boats  95  nma. 
long,  18  mm.  wide  and  10  mm.  deep. 

Procedure.  A  catch  weight  of  about  25.1  grams  of  drillings  is  placed  in  the 
combustion  boat,  and  the  boat  inserted  in  the  silica  tube.  After  passing  hydrogen 
for  half  an  hour  through  the  cold  tube,  the  temperature  is  raised  to  950®  C.  and 
so  maintained  for  two  hours.  If  the  furnace  is  of  a  type,  which  will  permit  the 
removal  of  the  tube  without  disconnecting  the  train,*  the  tube  is  taken  from  the 

^  Ferguson,  Jour.  Ind.  and  Eng.  Chem.,  May,  1910. 
*  Electric  Heating  Apparatus  Co.,  New  York. 
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solved  from  the  beakers.)  Zinc  carbonate  is  now  precipitated  (in  a  beaker  of 
glass,  which  does  not  contain  zinc)  from  the  filtrate  by  addition  of  sodium  carbon- 
ate, and  ignited  to  the  oxide  ZnO. 

ZnO  X  0.8034  =  Zn. 

Determination  of  Nickel  and  Cobalt.  The  filtrate  from  the  zinc  sulphide 
is  examined  for  nickel  and  cobalt.  About  0.5  cc.  of  sulphuric  acid  is  added. 
HjS  is  expelled  by  boiling,  and  2  cc.  of  H202  added.  The  solution  is  concentrated 
to  about  400  cc.  (this  should  be  free  from  nitric  acid),  treated  with  about 
25  cc.  of  ammonium  hydroxide,  and  electrolyzed  over  night  with  a  current  of  0.5 
amperes.  Nickel  and  cobalt,  if  present,  are  deposited  on  the  cathode  as  metals 
and  so  determined.  For  greater  details,  consult  the  chapter  on  Nickel  under 
the  method  by  electrolysis. 

Determination  of  Arsenic,  Antimony,  Selenium,  and  Tellurium 

Separation  of  Copper.  Ten  to  50  grams  of  blister  copper  and  100  to 
500  grams  of  refined  copi>er  are  required  for  the  determination.  (For  500-grams 
sample^  5  lots  of  100  grams  are  taken.)  The  drillings  are  dissolved  in  nitric  acid 
(40  cc.  per  10  grams)  and  the  solution  boiled  until  a  light-green  precipitate 
appears  on  the  surface.  The  liquor  is  diluted  to  500  cc,  and  5  cc.  of  ferric 
nitrate  containing  3%  of  iron  are  added.  A  basic  acetate  precipitate  is  now  made, 
weak  sodium  hydroxide  being  added  to  neutralize  the  free  acid,  but  not  in 
sufiUcient  amount  to  produce  a  permanent  precipitate.  If  the  end-point  is 
overrun,  nitric  acid  is  added  drop  by  drop  until  the  solution  clears.  The 
solution  is  diluted  to  about  800  cc,  20  cc  of  a  saturated  solution  of  sodium 
acetate  added,  the  Uquor  brought  to  boiling  and  filtered  hot  through  a  large 
creased  filter  paper,  the  first  portion  of  the  filtrate  being  poured  back  on  the 
filter.  The  residue  is  washed  twice  with  hot  water  to  remove  the  copper.  Five 
cc.  additional  iron  are  added  to  the  filtrate  and  a  second  basic  acetate  precipitation 
made,  a  separate  filter  being  used.  The  precipitates  are  dissolved  in  the  least 
amount  of  nitric  acid  necessary  and  the  solutions  combined.  The  liquor  is 
concentrated  to  150  cc,  a  pinch  of  potassium  chlorate  added,  and  the  con- 
centration continued  until  the  volume  has  been  reduced  to  about  30  cc.  An 
equal  volume  of  strong  hydrochloric  acid  is  added  and  a  second  pinch  of  chlorate 
and  the  evaporation  repeated  to  eliminate  all  traces  of  nitric  acid. 

The  evaporation  is  best  conducted  in  a  casserole,  resting  in  the  circular 
opening  of  an  asbestos  board,  in  order  that  the  sides  of  the  vessel  may  be  pro- 
tected from  the  flame. 

Separation  and  Determination  of  Arsenic.  The  solution  is  transferred 
to  a  distillation  flask,  arsenic  reduced  with  ferrous  chloride,  and  distilled  according 
to  the  standard  procedure  for  this  element,  p.  33.^  In  this  distillate  arsenic  is 
determined  volumetrically.*  (See  chapter  on  subject.)  Antimony,  selenium 
and  tellurium  remain  in  the  flask. 

Separation  and  Determination  of  Antimony.  Twenty-five  cc.  of  a  saturated 
solution  of  zinc  chloride  are  added  to  the  liquor  remaining  in  the  distilling 

*  The  conrentration  should  not  be  oarried  below  30  cc. 

*  Arsenic  may  be  precipitated  by  HjS,  the  sulphide  dissolved  in  NH4OH,  the  filtrate 
taken  to  dryness,  HNOj  added  and  the  evaporation  repeated.  Arsenic  now  is  deter- 
mined by  precipitation  with  AgNOj  and  titration  of  the  silver  with  KCNS  in  presence 
of  a  ferric  salt,    AgX0.2316=A8. 
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flask  after  the  elimination  of  arsenic.  The  antimony  is  now  distilled,  strong 
hydrochloric  acid  being  introduced  in  the  distiUing  flask  drop  by  drop  by  means 
of  a  separatory  funnel,  to  replace  the  solution  distilled,  the  volume  in  the  flask 
being  kept  as  low  as  possible,  avoiding  crystalHzation.  When  the  antimony 
has  been  completely  eliminated,  the  contents  of  the  distilling  flask  is  poured 
out  while  still  hot,  and,  together  with  the  rinsings  of  the  flask,  placed  aside 
for  the  subsequent  determination  of  selenium  and  tellurium. 

The  distillate  is  neutralized  with  ammonia,  then  made  slightly  acid  with 
HCi  and  antimony  precipitated  with  H2S.  Most  of  the  selenium  and  tellurium 
remain  in  the  flask.  Some  i  f  the  selenium,  however,  distills  with  the  antimony, 
hence  this  must  be  recovered  from  the  antimony  sulphide  precipitate  and  at 
the  same  time  this  must  be  purified. 

The  precipitate  is  dissolved  in  dilute  HCI  (1  :  2),  containing  a  little  bromine 
to  oxidize  the  sulphur.  The  solution  is  filtered  free  from  sulphur  and  the  filter 
washed  with  a  little  dilute  HCI.  The  filtrate  should  contain  one-third  its  volume 
of  strong  HCI.  Selenium  is  now  pre(dpitated  by  passing  in  SOj  gas  to  satura- 
tion and  bringing  the  solution  to  boiling.  The  precipitate  is  allowed  to  settle 
several  hours  and  then  filtered  through  a  tared  Gooch  crucible.  (To  this  is 
added  the  selenium  and  tellurium  later  obtained  from  the  residue  of  the  flask.) 
The  filtrate  contains  antimony. 

After  boiling  out  the  SOj,  the  filtrate  is  first  neutralized  with  ammonia,  then 
made  slightly  acid  with  hydrochloric  acid  and  antimony  precipitated  as  the 
sulphide  by  saturating  the  solution  with  H2S,  allowing  the  precipitate  to  settle, 
resaturating  with  HjS  and  again  allowing  to  settle.  The  filtered,  washed  pre- 
cipitate is  dissolved  with  sodium  sulphide,  and  10  cc.  of  25%  potassium  cyanide 
(poison)  added  to  the  filtrate,  together  with  2  cc.  of  25%  sodium  hydroxide. 

The  solution  is' now  electrolyzed  hot  (90®  C.)  for  an  hour  with  a  current  of 
0.5  ampere  and  antimony  deposited  as  the  metal  on  the  cathode.  This  is 
quickly  removed  and  washed  by  dipping  it  successively  into  a  beaker  of  cold 
water,  three  of  hot  water  and  one  of  95%  alcohol.  The  foil  is  dried  at  100**  C, 
and  then  weighed,  on  cooling,  as  usual.  Antimony  is  now  removed  by  immersing 
the  cathode  in  boiling  nitric  acid  containing  tartaric  acid,  and  washing  as 
before.    The  loss  of  weight  of  the  foil  is  taken  as  antimony. 

Note.  It  is  advisable  to  test  the  electrolyte  for  antimony  by  acidif3ring  the  solu- 
tion with  oxalic  acid  (Hood).  A  reddish  coloration  indicates  the  incomplete  removal 
ot  the  element. 

Detenniiiation  of  Selenium  and  Tellurium.  The  solution  from  the  dis- 
tillation flask  Ls  nearly  neutralized  with  ammonia  and  saturated  with  HsS. 
The  precipitate  is  filtered  off  and  dissolved  in  equal  parts  of  nitric  acid  (sp.gr. 
1.42)  potassium  bromide  bromine  solution  (20  cc.  Br  added  to  a  saturated 
solution  of  KBr  and  diluted  to  200  cc).  The  liquor  is  diluted  to  400  cc,  5  cc. 
of  ferric  nitrate  (3%  Fe'")  solution  added,  and  sufificient  ammonia  to  make  the 
solution  decidedly  alkaline.  The  precipitate  contains,  besides  the  iron,  all  of 
the  selenium  and  tellurium,  whereas  any  copper  that  may  have  been  present 
is  removed.  The  precipitate,  washed,  is  dissolved  in  hydrochloric  acid,  the 
free  acid  nearly  neutralized  and  H2S  passed  in  to  saturation.  The  precipitate 
Is  filtered  off,  washed,  and  dissolved  in  the  nitric  acid  potassium  bromide  and 
bromine  mixture  stated  above.  The  solution  is  filtered  and  then  suflScient  hydro- 
chloric acid  added  to  make  the  solution  contain  about  one-third  its  volume  of 
strong  HCI.    Selenium  and  tellurium  are  precipitated  from  this  solution  by  pass- 
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F,  at.wt.  19;  D  (air)  1.3l"%  sp.gr.  (-187^)  1.14;  m.p.  -223;  b.p.  -187*  C; 

acids,  HF,  H^SiFe. 

DETECTION 

Fluorine  is  the  most  active  element  known,  and  is  by  far  the  most  active 
of  the  halogens,  displacing  chlorine,  bromine,  and  iodine  from  their  combinations. 
Etching  Test,    The  procedm^  depends  upon  the  corrosive  action  of  hydro- 
fluoric acid  on  glass,  the  acid  being  Uberated  from  fluorides  by  means  of  hot 

concentrated  sulphuric    acid.      This    test    is 
^  /P  applicable  to  fluorides  that  are  decomposed 

by  sulphuric  acid.    The  reactions  taking  place 
may  be  represented  as  follows: 

I.    CaF2+H,S04=CaS04+2HF. 
II.    Si02+4HF=2H20+SiF4. 

The  test  may  be  carried  out  in  the  appa- 
ratus shown  in  the  illustration,  Fig.  33.  A 
clear,  polished  glass  plate  2  ins.  square^  free 
from  scratches,  is  warmed  and  molten  wax 
allowed  to  flow  over  one  side  of  the  plate,  the 
excess  of  wax  being  drained  off.  A  small  mark 
is  made  through  the  wax,  exposing  the  surface 
of  the  plate,  care  being  exercised  not  to  scratch 
the  glass.  If  the  test  is  to  be  quantitative, 
BoanJ  the  marks  should  be  of  uniform  length  and 
E  width.  The  powdered  material  is  placed  in  a 
large  platinum  crucible  {B)  (a  lead  crucible 
will  do) ;  sufficient  concentrated  sulphuric  acid 
is  added  to  cover  the  sample.  The  plate  (D) 
with  the  wax  side  dowTi  is  placed  over  the 
Fig.  33.— Etching  Test  for  Fluorine,  crucible  and  pressed  firmly  down.    To  prevent 

the  wax  from  melting,  a  condenser  (C),  with 
flowing  water,  cools  the  plate.  An  Erlenmeyer  flask  (C)  is  an  effective  and  simple 
form  of  condenser,  though  a  metallic  cylinder  is  a  better  conductor  of  heat.  A 
little  water  placed  on  the  plate  makes  better  contact  with  the  condenser.  As  a 
further  protection  a  wide  collar  of  asbestos  board  (E)  may  be  placed  as  shown 
in  the  figure.  In  quantitative  work,  where  a  careful  regulation  of  heat  is  nec- 
essary, the  crucible  is  placed  in  a  casserole  with  concentrated  sulphuric  acid  or 
in  a  sand  bath,  containing  a  thermometer  to  register  the  temperature.  The  run 
is  best  conducted  at  a  temperature  of  200°  C.  (not  over  210** — H2SO4  fumes). 
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After  an  hour  the  wax  is  removed  with  hot  water  and  the  plate  wiped  clean, 
and  examined  by  reflected  light  for  etching.  A  test  is  positive  when  the  mark 
can  be  seen  from  both  sides  of  the  glass.  Breathing  over  the  etched  surface 
intensifies  the  mark. 

Treatment  of  Fluo-Silicates  not  Attacked  by  Sulphuric  Acid.  The 
powdered  material  is  mixed  with  about  eight  times  its  weight  of  sodium  car- 
Ixinate  and  fused  in  a  platinum  crucible.  The  cooled  melt  is  extracted  with 
water.  Calcium  fluoride  is  thrown  out  from  the  filtrate,  according  to  directions 
under  Preparation  and  Solution  of  the  Sample.  The  fluoride  may  now  be 
tested  as  directed  in  the  etching  test  or  as  follows  by  the  hanging  drop  test. 

The  Hanging  Drop  Test    The  test  depends  upon  the  reaction  3SiF4+3H20 
=  2H^SiFe-hH,SiO,. 

If  the  material  contains  carbonates,  it  is  calcined  to  expel  carbon  dioxide. 
Half  a  gram  of  the  powdered  dry  material  is  mixed  with  0.1  gram  dried  pre- 
cipitated silica  and  placed  in  a  test-tube,  Fig.  34,  about 
5  cm.  long  by  1  cm.  in  diameter.  A  one-hole  rubber 
stopper  fits  in  the  tube.  A  short  glass  tube,  closed  at  the 
upf)er  end,  passes  through  the  stopper  extending  about 
3  mm.  below.  Two  or  three  drops  of  water  are  placed  in 
this  small  tube  by  means  of  a  pipette,  nearly  filling  it. 
Two  cc.  of  concentrated  sulphuric  acid  are  added  to  the 
sample  in  the  test-tube  and  this  immediately  closed  by 
inserting  the  stopper  carrying  the  hanging  drop  tube,  exer- 
cising care  to  avoid  dislodging  the  drop  of  water.  The 
test-tube  is  placed  in  a  beaker  of  boiling  water  and  kept 
there  for  thirty  minutes.  If  an  appreciable  quantity  of 
fluorine  is  present  a  heavy  gelatinous  ring  of  silicic  acid 
will  be  found  at  the  end  of  the  hanging  drop  tube  in  the 
stopper. 

It  is  important  to  have  material,  test-tube,  and  rubber 
stopper  dry,  so  that  the  deposition  may  occur  as  stated.  ^ 


Fig.  34. 

Hanging  Drop  Test 

for  Fluorine. 


Note.     Dr.  Olsen*  makes  the  test  by  heating  the  sample  in 
a  small  Erlenmeycr  flask,  with  concentrated  sulphuric  acid. 
A  watch-crystal  with  a  drop  of  water  suspended  on  its  curved 
surface  is  placed  over  the  mouth  of  the  flask.     A  spot  etch  is  obtained  in  presence  of 
fluorine. 

Black  Filter  Paper  Test.    According  to  Browning,'  small  amounts  of  fluorine 

.    may  be  detected  by  the  converse  method  for  detection  of 

7v  silicates  and  fluosiUcates  ( See  silicon).  The  fluoride  is 
placed  with  a  suitable  amount  of  silica,  in  a  small  lead  cup, 
1  cm.  in  diameter  and  depth  (Fig.  35) ;  a  few  drops  of 
concentrated  sulphuric  are  added;  the  cup  is  covered  by  a 
flat  piece  of  lead  with  a  small  hole  in  the  center;  ui)on  the 
cover  is  placed  a  piece  of  moistened  black  filter  paper  and 
upon  this  a  small  pad  of  moistened  filter  paper.  The  cup 
Ls  heated  on  the  steam  bath  for  ten  or  fifteen  minutes.    A  white  deposit  will 

»C.  D.  Howard;  Jour.  Am.  Chem.  Soc,  1906,  28,  1238-1239.    C.  X.,  1906,  30, 
420. 

*  Communicated  to  the  author  by  J.  C.  Olsen. 

*  P.  E.  Browning,  Am.  Jour.  Sci.  (4),  S2,  249.     "  Methods  in  Chemical  Analysis,*' 
by  F.  A.  Gooch. 
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be  found  on  the  under  side  of  the  black  filter  paper,  over  the  opening  in  the 
cover,  if  fluorine  is  present  in  an  appreciable  amount.  CO.OOl  gram  CaFj  or 
above,  and  0.005  gram  NajAlF*  will  give  the  test.) 

ESTIMATION 

The  determination  of  fluorine  in  the  evaluation  of  minerals  used  for  the 
production  of  hydrofluoric  acid  is  of  technical  importance.  The  demand  for 
elimination  of  the  use  of  fluorides  for  preservatives  of  food  makes  its  estimation 
in  small  amounts  of  importance. 

Fluorine  occurs  only  combined.  It  is  found  abundantly  combined  with  lime 
in  the  mineral  fluorspar,  CaFj.  It  occurs  as  cryolite,  NaiAlFc;  apatite, 
3Caa(P04)iCaF2.  It  is  found  in  mineral  springs,  ashes  of  plants,  in  bones,  and  in 
the  teeth  (CaFj).  It  occurs  sparingly,  with  aluminum  and  silicon,  in  topaz, 
and  with  cerium  and  yttrium  in  fluocerite,  yttrocerite,  also  in  wavellite,  wag- 
nerite.  etc. 

Preparation  and  Solution  of  the  Sample 

Fluorides  of  the  alkalies,  and  of  silver  and  mercury,  are  readily  soluble; 
copper,  lead,  zinc,  and  iron  fluorides  are  sparingly  soluble;  the  alkaline  earth 
fluorides  dissolve  in  100  cc.  H,0  as  follows:  BaF,  =0.163  gram,  SrF,  =0.012 
gram,  CaF,  =0.0016  gram. 

Fluosilicates  of  potassium,  sodium,  and  barium  are  slightly  soluble  in  water 
and  practically  insoluble  if  sufficient  alcohol  is  added. 

Organic  Substances.^  These  are  best  decomposed  by  the  lime  method,  the 
details  of  which  are  given  in  the  chapter  on  chlorine  under  the  section  for  the 
preparation  and  solution  of  the  sample,  p.  122.  For  fluorides  in  oi^canic 
matter  it  is  advisable  to  decompose  the  substance  in  a  seamless  nickel  tube, 
40  mm.  long  by  4-5  nun.  bore.  The  end  of  the  tube  is  sealed  with  silver  solder. 
The  lime  used  should  be  soluble  in  acetic  acid.  The  tube  is  heated  to  yellow 
heat  for  two  hours.  The  lime  is  then  extracted  with  acetic  acid  and  fluorine 
determined  as  calcium  fluoride. 

Silicious  Ores  and  Slags.  0.5  to  1.0  gram  of  material  is  fused  in  a  cru- 
cible with  ten  times  its  weight  of  sodium  and  potassium  carbonates  (1:1)  and 
poured  into  an  iron  mould.  If  a  porcelain  crucible  has  been  used,  this  is  broken 
up  and  added  to  the  cooled  fusion.  The  mass  is  digested  with  about  200  cc. 
of  hot  water  for  an  hour,  the  mass  having  been  broken  up  into  small  lumps, 
(Kneeland  reconmiends  using  an  agate-ware  casserole  as  diminishing  the  liability 
of  subsequent  biunping)  *  then  boiled  briskly  for  ten  minutes  longer  and  Altered, 
the  solution  being  caught  in  a  large  beaker.  The  residue  is  washed  with  hot 
water,  followed  by  a  hot  solution  of  ammonium  carbonate  and  the  insoluble 
material  rejected.  The  silica  is  removed  with  ammonium  carbonate,  followed 
by  the  zinc  oxide  treatment  of  the  second  filtrate,  as  described  under  the  section 
of  Separations.  In  presence  of  appreciable  amounts  of  fluorides,  the  gravi- 
metric precipitation  of  fluorine  as  calcium  fluoride  is  recommended. 

1  H.  Meyer  and  A.  Hub,  Monatsch.  fur  Chem.,  1910,  81,  933-938.  C.  N.,  1910, 
35,  489. 

*E.  Kneeland,  Eng.  and  Min.  Jour.,  80,  1212.  A.  H.  Low,  "Technical  Methods 
of  Ore  Analysis." 
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Caldum  Fluoride.  The  product  is  best  decomposed  by  fusion  with  sodium 
and  potassium  carbonates,  after  mixing  the  fluoride  with  two  and  bne-half  times 
as  much  silicic  acid  (Treadwell  and  Hall)  the  greater  part  of  the  silicic  acid 
and  all  the  fluorine  will  be  changed  to  soluble  alkaU  salts,  while  the  calcium  will 
be  left  as  insoluble  calcium  carbonate.  The  mixture  must  be  heated  gradually 
to  prevent  the  contents  of  the  crucible  from  running  over  the  sides  by  a  rapid 
evolution  of  carbon  dioxide.  The  thin  liquid  fusion  soon  changes  to  a  thick  paste. 
The  reaction  is  complete  when  there  is  no  further  evolution  of  carbon  dioxide. 
The  fused  mass  is  now  extracted  with  hot  water  as  indicated  above,  and  the 
soluble  fluoride  filtered  from  the  calcium  carbonate  residue.  Silicic  acid  is 
removed  from  the  filtrate  by  addition  of  ammonium  carbonate.  Traces  of 
silicic  acid  are  removed  from  the  filtrate  taken  to  near  dryness,  after  neutralizing 
the  alkali  with  dilute  hydrochloric  acid  (phenolphthalein  indicator),  by  the  zinc 
oxide  emulsion  method  given  under  Separations.  Fluorine  is  precipitated  as 
calcium  fluoride,  according  to  the  procedure  given  later  on  page  180. 

Soluble  Fluorides.  The  salts  are  dissolved  in  water.  In  presence  of  free 
acid  a  platinum  dish  should  be  used  and  the  acid  neutralized  with  sodium  car- 
bonate with  addition  of  about  one-fomth  as  much  more  in  excess.  The  fluoride 
is  then  precipitated  as  calcium  fluoride. 

Hydrofluoric  Add.  The  acid  may  be  titrated  with  standard  caustic. 
Determined  gravimetrically,  the  acid  is  neutralized  and  fluorine  precipitated  as 
caldum  fluoride  or  lead  chlorofluonde  (pages  180,  181). 

Valuation  of  Fluorspar.  Details  of  the  procedure  worked  out  by  E.  Bidtel, 
Chief  Chemist,  Fairview  Fluorspar  and  Lead  Company,  are  given  at  the  close 
of  the  chapter. 

SEPARATIONS 

Removal  of  Silicic  Acid  from  Fluorides.  This  separation  is  frequently 
required,  especially  in  samples  where  the  sodium  and  potassium  carbonate 
fusion  has  been  required  for  decomposition  of  fluosilicates,  or  calcium  fluoride 
mixed  with  silicic  acid.  (See  section  on  Preparation  and  Solution  of  the 
Sample.) 

To  the  alkaline  solution  about  5  to  10  grams  of  ammonium  carbonate  are 
added,  the  solution  boiled  for  Ave  minutes  and  allowed  to  stand  in  the  cold 
for  two  or  three  hours.  (Treadwell  and  Hall  recommend  heating  to  40®  C, 
and  allowing  to  stand  over  night.)  The  precipitate  is  Altered  off  and  washed 
with  ammonium  carbonate  solution.  The  fluoride  passes  into  the  filtrate,  while 
practically  all  of  the  silicic  acid  remains  on  the  filter. 

Small  amounts  of  silica  in  the  filtrate  are  removed  by  evaporating  the  solu- 
tion to  near  dryness  on  the  water  bath,  then  neutralizing  the  carbonate  with 
dilute  hydrochloric  acid  (phenolphthalein  indicator)  added  to  the  residue  taken 
up  with  a  little  water.  Upon  boiling  the  pink  color  is  restored,  the  solution 
then  cooled  and  acid  again  added  to  discharge  the  color;  this  is  repeated  until 
finally  the  addition  of  1-2  cc.  of  2  N.  HCl  is  sufficient  to  discharge  the  color. 
Four  to  5  cc.  of  ammoniacal  zinc  oxide  solution  (moist  ZnO  dissolved  in 
XH4OH — Low  recommends  20  cc.  of  an  emulsion  of  ZnO  in  NH4OH)  is  added 
and  the  mixture  boiled  until  ammonia  has  been  completely  expelled.  The 
flrecipitate  of  zinc  silicate  and  oxide  is  filtered  pnd  washed  with  water.  The 
puoride  is  determined  in  the  filtrate  by  precipitation  with  calcium  chloride 
as  directed  later. 
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Separation  of  Hydrofluoric  and  Phosphoric  Acids.  The  method  of  Rose 
modified  by  Treadwell  and  Koch,*  takes  advantage  of  the  fact  that  silver  phos- 
phate is  insoluble  in  water,  whereas  silver  fluoride  is  soluble.  The  alkaline 
solution  of  the  two  acids  (aqueous  solution  of  the  sodium  carbonate  fusions) 
is  carefully  neutralized  with  nitric  acid  and  transferred  to  a  250-cc.  calibrated 
flask.  A  slight  excess  of  silver  nitrate  solution  is  added,  and  the  mixture  made 
to  volume  and  thoroughly  shaken.  After  settling,  the  solution  is  filtered  through 
a  dry  filter,  the  first  10  cc.  being  rejected.  Two  hundred  cc.  of  this  filtrate 
is  again  transferred  to  a  250-cc.  calibrated  flask,  the  excess  of  silver  precipitated 
by  adding  sodium  chloride  solution,  and  after  diluting  to  the  mark  and  shaking, 
the  precipitate  is  again  allowed  to  settle;  200  cc.  of  this  solution  is  taken  for 
analysis,  after  filtering  as  previously  directed.  This  sample  represents  64% 
of  the  original  sample  taken.  Fluorine  is  now  determined  by  one  of  the  pro- 
cedures outlined. 

Separation  of  Hydrofluoric  and  Hydrochloric  Acids.  The  solution  con- 
taining hydrofluoric  and  hydrochloric  acids,  in  a  platinum  dish,  is  treated  with 
nitric  acid  and  silver  nitrate.  The  cliloride  is  precipitated  as  the  silver  salt, 
whereas  the  fluorine  remains  in  solution  and  may  be  filtered  off  through  a  glass 
funnel  coated  with  paraffine  or  wax,  or  a  hard  rubber  funnel.  In  presence  of 
phosphoric  acid,  silver  nitrate  added  to  the  solution  will  precipitate  the  phos- 
phate as  well  as  the  chloride,  whereas  the  fluoride  remains  in  solution.  The 
phosphate  may  be  dissolved  out  from  the  chloride  by  means  of  dilute  nitric 
acid. 

Separation  of  Hydrofluoric  and  Boric  Acids.  An  excess  of  calcium 
chloride  is  added  to  the  boiling  alkali  salt  solutions  of  the  two  acids.  The 
precipitate  is  filtered  off  and  washed  with  hot  water.  The  residue,  consisting  of 
calcium  fluoride,  borate  and  carbonate,  is  gently  ignited  and  then  treated  with 
dilute  acetic  acid,  taken  to  dryness,  and  the  residue  taken  up  with  acetic  acid 
and  water.  Calcium  acetate  and  borate  are  dissolved,  whereas  the  fluoride 
remains  insoluble  and  may  be  filtered  off  and  determined. 


GRAVIMETRIC  METHODS   FOR  THE  DETERMINATION 

OF   FLUORINE 

Precipitation  as  Calcium  Fluoride 

The  method  utilizes  the  insolubility  of  calcium  fluoride  in  dilute  acetic  acid 
in  its  separation  from  calcium  carbonate,  the  presence  of  which  facilitates 
filtration  of  the  slimy  fluoride.     The  reaction  for  precipitation  is  as  follows: 

2NaF-f  CaCl,  =CaF2-f  2NaCl. 

Procedure.  Solution  of  the  sample  and  the  removal  of  silica  having  been 
accomplished  according  to  procedures  given  under  Preparation  and  Solution 
of  the  Sample,  and  Separations,  tlie  solution  is  neutralized,  if  acid,  by  the 
addition  of  sodium  carbonate  in  slight  excess;  if  basic,  by  addition  of  hydrochloric 
acid  in  excess,  followed  by  sodium  carbonate.  To  .this  solution,  faintly  basic, 
1  cc.  of  twice  normal  sodium  carbonate  reagent  Is  added,  followed  by  sufficient 

iZ.  anal.  Chem.,  43,  469,  1904.  ''Analytical  Chemistry,"  Vol.  2,  by  Tread- 
well  and  Hall. 
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calcium  chloride  solution  to  precipitate  completely .  the  fluoride  and  the  excess 
of  carbonate,  i.e.,  until  no  more  precipitate  forms,  and  then  2-3  cc.  in  excess. 
After  the  precipitate  has  settled,  it  is  filtered  and  washed  with  hot  water.  (The 
filtrate  should  be  tested  for  fluoride  and  carbonate  with  additional  calcium 
chloride.)  The  precipitate  of  calcium  fluoride  and  carbonate  is  dried  and 
transferred  to  a  platinum  dish,  the  ash  of  the  filter,  burned  separately,  is  added 
and  the  material  ignited.  After  cooling,  an  excess  of  dilute  acetic  acid  is  added, 
and  the  mixture  evaporated  to  dryness  on  the  water  bath.  The  lime  is  con- 
verted to  calcium  acetate,  while  the  fluoride  remains  unaffected.  The  residue 
is  taken  up  with  a  little  water,  filtered  and  washed  with  small  i>ortions  of  hot 
water,  by  which  procedure  calcium  acetate  is  removed,  while  calcium  fluoride 
remains  on  the  filter.  ^  The  residue  is  dried,  separated  from  the  filter  and 
ignited.  This,  together  with  the  ash  of  the  filter,  is  weighed  as  calcium 
fluoride,  CaFj. 

To  confirm  the  result,  the  residue  is  treated  with  a  slight  excess  of  sulphuric 
acid  and  taken  to  fumes  in  a  platinum  dish.  The  adhering  acid  is  removed  as 
usual  by  heating  with  ammonium  carbonate,  and  the  ignited  residue  weighed  as 
calcium  sulphate.    One  gram  of  calcium  fluoride  should  yield  1.7436  grams  of 

calcium  sulphate.* 

CaO  X  1.3924  =CaF,,  or  X0.677=F. 

Factors.  CaF, X 0.4867  =F,  or  X0.5126  =  HF,  or  X  1.0757  =:NaF.  CaSO« 
X0.5735  =CaF,,  or  X0.2937  =F,  or  X0.2539  =HF. 

F^cipitation  of  Fluorine  as  Lead  Chlorofluoride 

The  method,  worked  out  by  Starck,»  takes  advantage  of  the  double  halide 
formed  by  action  of  lead  chloride  upon  a  soluble  fluoride.  The  compound, 
PbFCl,  is  about  fourteen  times  the  weight  of  the  fluorine  it  contains.  Unfor- 
tunately, the  compound  is  quite  appreciably  soluble  in  water,*  so  that  a  loss 
occurs  if  pure  water  is  used  for  washing  the  precipitate.  The  method  is  limited 
to  the  determination  of  soluble  fluorides. 

The  sample,  made  neutral,  is  treated  with  a  large  excess  of  a  cold  saturated 
solution  (200  cc.  PbCh  per  0.1  gram  NaF  in  50  cc.  solution)  of  lead  chloride, 
the  precipitate,  settled  over  night,  is  filtered  off  in  a  weighed  Grooch  crucible, 
washed  several  times  with  a  saturated  solution  of  lead  chlorofluoride,  and 
finally  two  or  three  times  with  ice-cold  water.  The  compound  is  dried  two  hours 
at  140-150**  C,  and  weighed  as  PbFCl. 

*The  results  are  slightly  low,  owing  to  the  solubility  of  calcium  fluoride: 
100  cc.  H,0  dissolves  0.0016  gram  CaFj;  100  cc.  1.5  N.  HCiHjOa  dissolves  0.011  gram. 

*Low  recommends  disintegration  of  the  fluoride  with  sulphuric  acid,  diluting 
the  mixture  with  water,  boili^  with  ammonium  chloride,  and  then  with  ammonium 
hydroxide  and  hydrogen  peroxide.  Calcium  oxalate  is  now  precipitated  from  the 
filtrate  and  CaO  determined  by  titration  with  standard  permanganate  according  to 
the  usual  procedure  for  determination  of  lime. 

•  Z.  anorg.  Chem.,  70 ,  173  (1911);  Chem.  Abs.,  5,  2049  (1911). 

H>ne  hundred  grams  H,0  at  18**  C.  dissolves  0.0325  gram  PbFCl  and  0.1081 
gram  at  100**  C. 


VOLUMETRIC  METHODS  FOR  THE  DETERMINATION 
OF  FLUORINE 

Volumetric  Determination  of  Fluorine — Formation  of  Silicon 
Tetrafluoride  and  Absorption  of  the  Evolved  Qas  in  Water. 
Offerman's  Method ' 

Silicon  tetrafluoride  is  formed  by  the  action  of  sulphuric  acid  upon  a  fluoride 
in  presence  of  silica,  the  evolved  gas  is  received  in  water  and  the  resulting  com- 
pound titrated  with  standard  potassium  hydroxide.  The  following  reactions 
take  place: 

A.  3SiF.+2H^=2H^ir,+SiO,. 

B.  H,SiF.+6KOH-6KF+SiO,+4H^. 

The  method  is  suitable  for  determining  fluorine  in  fluorspar  in  evaluation 
of  this  mineral. 

Procedure.  The  powdered  sample,  containing  the  equivalent  of  0.1-0^ 
gram  calcium  fluoride,  is  mixed  with  about  three  times  its  weight  of  pulverised 
quarts  (previously  ignited  and  kept  in  a  desiccator),  placed  in  the  decom- 
position flask  F,  shown  in  Fig.  36,  and  about  1  gram  of  anhydrous  copper  Bulphata 


Fia.  36. 

added,  followed  by  25  cc.  of  concentrated  sulphuric  acid.  The  stopcock  B 
is  closed  and  the  air  bath  heated  gradually  till  in  one-half  hour  the  temperature 
has  risen  to  220°.  The  cock  E  is  now  opened  and  air  slowly  forced  through  the 
apparatus  (by  means  of  water  pump)  at  the  rate  of  about  three  bubbles  per 
second,  the  temperature  being  kept  at  220°,  and  the  flask  containing  tbe  sample 
occasionally  shidcen.  When  the  bubbles  of  sihcon  tetrafluoride  have  disappeued 
from  F,  the  flame  is  removed,  but  the  air  current  continued  for  half  an  hour 
longer.     The  solution  in  the  receiving  flask  is  now  titrated  with  0.1  N.  KOH. 

Notes.  The  apparatus  shown  in  the  cut  is  the  form  recommended  by  Adolph, 
and  the  details  of  procedure  are  essentially  his.  This  method  is  preferred  to  that 
of  Penfield,'  in  which  an  alcoholic  solution  of  potassium  chloride  is  used  to  absorb 
the  tetrafluoride,  and  the  liberated  hydrochloric  acid  titrated  with  the  Btaodard 
alkali  in  presence  of  cochineal  indicator. 

The  results  obtained  by  this  method  are  generally  low,  but  the  procedure  is  use- 
ful for  rapid  valuation  of  Buorspar. 

'Z.  angcw.  Chem.,  S,  015  (1890).  Wm.  H.  Adolph,  Jour.  Am.  Cbem.  Soc., 
87,  11,2500(1615). 

»Am.  Chem.  Jour.,  1,27  (1879). 
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The  bottles  A,  B,  C,  and  D  are  for  the  purpose  of  thoroughly  drying  the  air,  as 
moisture  in  the  apparatus  is  to  be  avoided.  G  contains  strong  sulphuric  acid,  H 
is  filled  with  glass  beads  to  remove  sulphuric  acid  spray,  /  and  /  are  empty  tubes, 
which  should  be  thoroughly  dry.    The  gas  is  completely  absorbed  in  K. 

Volumetric  Determination  of  Fluorine — Ferric  Chloride  Method  ^ 

The  procedure,  worked  out  by  Greef,  depends  upon  the  principle  that 
a  neutral  aqueous  solution  of  ferric  chloride  forms  a  white  crystalline  precipi- 
tate with  neutral  solutions  of  alkali  fluorides,  the  following  reaction  taking  place: 

6NaF+FeCl,  =Na,(FeF.)+3NaCl. 

The  double  fluoride  is  only  very  slightly  soluble  in  water  and  does  not  form  the 
red  compound  Fe(CNS)j  with  sulphocyanates.  The  addition  of  sodium  chloride 
makes  the  precipitation  more  complete. 

Procedure.  Half  a  gram  sample  of  the  sodium  or  potassium  salt  is  placed 
in  a  300-cc.  Erlenmeyer  flask,  and  dissolved  in  about  25  cc.  of  hot  water, 
then  cooled  and  20  grams  of  sodium  chloride  and  5  cc.  of  potassium  sulpho- 
cyanate  added  (100  grams  KCNS  per  500  cc.  HiO).  The  solution  is  titrated 
with  a  standard  solution  of  ferric  chloride  (of  such  strength  that  100  cc.  is 
equivalent  to  about  1  gram  of  NaF)  until  a  yellow  color  is  produced.  Ten  cc. 
of  alcohol  and  10  cc.  of  ether  are  now  added  and  the  mixture  shaken  gently, 
then  the  flask  closed  and  shaken  vigorously.  The  titration  is  now  continued 
until  the  ether  layer  is  permanently  colored  red. 

Note.  Commercial  sodium  fluoride  frequently  contains  free  hydrofluoric  acid 
and  silico-fluoiide.  These  are  converted  to  the  fluoride  of  sodium  by  titration  with 
sodium  hydroxide  in  presence  of  phenolphthalein  to  neutral  reaction;  the  total  fluoride 
may  now  be  determined  as  described. 

The  free  acid  may  be  determined  by  titrating  the  salt  in  an  aqueous  alcoholic  solu- 
tion in  presence  of  potassium  chloride,  which  converts  the  silico-fluoride  to  the  in- 
soluble potassium  sihco-fluoride. 

Colorimetric  Determination  of  Fluorine — Method  of  Steiger^ 

and  Merwin  ^  * 

The  method  is  based  on  the  bleaching  action  of  fluorine  upon  the  yellow 
color  produced  by  oxidizing  a  solution  of  titanium  with  hydrogen  peroxide. 
A  known  amount  of  titanium  in  solution  is  mixed  with  definite  volume  of  the 
solution  containing  the  fluorine  and  the  tint  compared  with  a  standard  solution 
containing  an  equivalent  amount  of  titanium.  The  extent  of  bleaching  enables 
the  computation  of  the  fluorine  present.  The  method  is  applicable  to  deter- 
mination of  fluorine  in  amounts  ranging  from  0.00005  to  0.01  gram.  Merwin 
has  shown  that  large  amounts  of  alkali  sulphates  have  a  bleaching  action 
similar  to  fluorine.  Addition  of  free  acid,  or  rise  of  temperature,  intensifies 
the  color  lost  by  bleaching.  Aluminum  sulphate  has  no  marked  efTect  on  standard 
solutions,  or  on  solutions  bleached  by  alkali  sulphates,  but  it  restores  the  color 
to  a  considerable  degree  to  solutions  bleached  by  fluorine.  Ferric  sulphate  has 
a  similar  effect.    Phosphoric  acid  bleaches  a  standard  solution.    Silica  has  Uttle 

»  Method  by  A.  Greef,  Ber.,  46,  2511-2513  (1913).      C.  N.,  7,  3939  (1913).    Jour. 
Soc.  Chem.  Ind.,  S2,  992  (1913).    Analyst,  1913,  p.  521. 
«G.  Steiger,  Jour.  Am.  Chem.  Soc,  80,  219,  1908. 
»H.  E.  Merwin,  Am.  Jour.  Sci.  (4),  28,  119,  1909.    Chem.  Abs.,  8,  2919  (1909). 
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effect.  According  to  Merwin  an  accuracy  of  0.002  gram  may  be  expected,  an 
error  which  is  half  that  of  the  most  reliable  gravimetric  method. 

Reagents.  Standard  Titanium  Solution.  An  intimate  mixture  of  1  gram 
of  TiOa  and  3  grams  of  anunonium  persulphate  is  heated  until  the  vigorous 
action  has  ceased,  and  the  ammonium  sulphate  is  expelled.  The  residue  is  treated 
with  20  cc.  of  strong  sulphuric  acid,  heated  to  fuming  and,  when  cold,  poured 
into  about  800  cc.  of  cold  water.  When  the  suspended  salt  has  dissolved, 
57.5  cc.  of  strong  sulphuric  acid  are  added,  and  the  solution  made  up  to  1000 
cc.  (50  cc.  or  more  of  the  solution  should  be  analyzed  for  TiOi).  One  cc.  will 
contain  0.001  gram  TiOj. 

Standard  Fluorine  Solution,  2.21  grams  of  sodium  fluoride,  which  has  been 
purified  by  recrystallizing,  washing,  and  igniting  strongly,  is  dissolved  in  1000 
cc.  of  water.    One  cc.  will  contain  0.001  gram  fluorine. 

Sulphuric  Acid,    95.5%  solution,  sp.gr.,  1.84. 

Hydrogen  Peroxide,    Ordinary  strength. 

Standard  Ck^lored  Solution.  The  solution  used  in  determining  fluorine  in 
materials  fused  with  alkali  carbonates  contains  10  cc.  of  the  titanium  solution, 
4  cc.  of  hydrogen  peroxide,  and  4  cc.  of  concentrated  sulphuric  acid. 

Apparatus.  Nessler  Tubes  6  cm.  long,  2.7  cc.  in  diameter  are  recommended 
by  the  authors.  Colorimeters  may  be  used  in  place  of  Nessler  tubes.  A  very 
suitable  type  for  this  purpose  is  shown  on  page  245,  Fig.  43. 

Procedure.  Two  grams  of  the  powdered  sample  are  fused  with  8  grams 
of  mixed  sodium  and  potassium  carbonates,  the  fusion  taken  up  with  hot  water, 
and  when  leached,  3  to  4  grams  of  anunonium  carbonate  added.  The  mix  is 
warmed  for  a  few  minutes  and  then  heated  on  the  water  bath  till  the  anunoniimi 
carbonate  is  decomposed  and  the  bulk  of  liquid  is  small.  Sihca,  ferric  oxide, 
and  alumina  oxide  are  thrown  down  and  are  removed  by  filtration.  The  filtrate, 
which  should  not  exceed  75  cc,  is  treated  with  4  cc.  of  hydrogen  peroxide,  and 
then  10  cc.  of  standard  titanium  solution  cautiously  added  (HjOi  prevents 
precipitation  of  TiOa  by  the  alkali  carbonates),  followed  by  4  cc.  of  strong  sulphuric 
acid  to  neutralize  the  alkali  carbonates.  The  solution,  neutral  or  slightly  acid, 
acquires  a  lifht  orange  tint.  A  httle  sodium  carbonate  is  added  in  just  suf- 
ficient amount  to  discharge  the  color,  and  then  a  drop  or  so  of  acid  to  again 
restore  it.  The  amount  of  excess  acid  now  required  depends  upon  the  amount 
of  fluorine  present  in  the  solution.  For  amounts  of  fluorine  less  than  0.0025 
gram  (0.125%  of  sample),  3  cc.  of  acid  are  added.  For  amounts  of  0.025  to 
0.012  gram  fluorine,  12  cc.  of  acid  are  added.    The  solution  is  diluted  to  100  cc. 

Comparison.  The  test  solution  is  now  compared  with  the  standard  solu- 
tion containing  10  cc.  titanium  reagent,  and  the  same  amount  of  acid  and 
hydrogen  peroxide  as  in  the  test  sample,  in  a  volume  of  100  cc.  If  Nessler  tubes 
are  used,  these  are  held  over  a  white  surface  illuminated  with  diffused  light. 
In  the  absence  of  a  bleaching  substance,  such  as  fluorine,  the  two  solutions  will 
have  the  same  tint,  but  in  presence  of  fluorine  the  bleaching  effect  will  cause 
the  test  solution  to  appear  paler  than  the  standard.  The  depths  of  the  liquids 
are  adjusted  so  that  the  tubes  will  have  the  same  intensity  of  color  when  moved 
from  right  to  left  or  reversed.  Should  the  left  eye  perceive  a  darker  shade,  the 
tube  on  the  left  will  appear  uniformly  darker  wliether  it  be  the  test  sample  or 
the  standard.  The  comparative  depths  of  the  liquids  in  the  tubes  are  measured 
and  the  ratio  obtained  by  di\iding  the  depth  of  the  fluorine  solution  by  the 
depth  of  the  standard  and  multiplying  by  100.    Reference  may  be  made  to  the 


plotted    curve  shown  in  Fig.  37.    The    ratio   ~^ 
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abscissa,  while  the  ordinate  represents  the  amount  of  fluorine  in  the  2-gTani 
sample. 

Example.     Suppose  the  test  solution=3.6  cm.  and  the  standard *'4.S  cm., 
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the  ratio  then  -80,  from  the  curve  it  is  evident  that  the  fluorine  =0.00095  gram 
or  0,(M75%,  since  a  2-gram  sample  was  taken. 
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According  to  Merwin,  however,  the  bleaching  effect  of  alkali  sulphates,  which 
are  present,  will  make  the  ratio  much  higher  than  it  would  be  if  they  were 
absent.  (The  sulphates  alone  give  a  ratio  of  125.)  This  ratio  should  be  deter- 
mined on  two  8-gram  portions  of  the  alkali  carbonate  mixture  used  in  the  fusion 
and  the  correction  made  accordingly.  If  m=  ratio  of  the  blank  thus  obtained, 
and  r  the  ratio  of  the  final  test,  then  the  formula,  according  to  Merwin,  is 

TT— -=gram  fluorine  in  the  sample,  4  cc.  excess  sulphuric  acid  being  used 

in  the  samples,  or     .^,-     =grams  F,  if  12  cc.  of  acid  are  used  in  testing  larger 

ooOO 

amounts  of  fluorine.    The  plotted   curve.  Fig.  38,  is  that   given  by  Merwin, 

and  shows  the  effect  of  acidity  on  the  depth  of  color  obtained.    The  abscissa 

represents  the  ratio  of  the  solutions,  and  the  ordinate  the  amount  of  fluorine 

in  grams.    Temperature  of  the  tests  was  22°  C. 

VALUATION  OF  FELDSPAR 

The  following  procedure,  worked  out  by  Dr.  Bidtel,*  meets  the  commercial 
requirements  for  the  valuation  of  feldspar.  The  determinations  usually  required 
are  calciiun  fluoride,  silica,  and  calciiun  carbonate;  in  some  particular  cases 
lead,  iron,  zinc,  and  sulphur. 

Procedure.  Calcium  Carbonate.  One  gram  of  the  finely  powdered  sample 
is  placed  in  a  small  Erlenmeyer  flask,  10  cc.  of  10%  acetic  acid  are  added,  a 
short-stemmed  funnel  inserted  in  the  neck  of  the  flask  as  a  splash  trap,  and 
the  mixture  heated  for  an  hour  on  a  water  bath,  agitating  from  time  to  time. 
The  calcium  carbonate  is  decomposed  and  may  be  dissolved  out  as  the  soluble 
acetate,  whereas  the  fluoride  and  silica  are  practically  unaffected.  The  solution 
is  filtered  through  a  7-cm.  ashless  filter,  the  residue  washed  with  warm  water 
four  times,  and  the  filter  burned  off  in  a  weighed  platinum  crucible  at  as  low 
a  temperature  as  possible.  The  loss  of  weight  minus  0.0015  gram  (the  amount 
of  calcium  fluoride  soluble  in  acetic  acid  under  the  conditions  named)  is  reported 
as  calcium  carbonate. 

Silica.  The  residue  in  the  platinum  crucible  is  mixed  with  about  1  gram 
of  yellow  mercuric  oxide,  in  form  of  emulsion  in  water  (to  oxidize  any  sulphide 
that  may  be  present);  any  hard  lumps  that  may  have  formed  are  broken  up, 
the  mixture  evaporated  to  drjTiess  and  heated  to  dull  redness,  then  cooled 
and  weighed.  About  2  cc.  of  hydrofluoric  acid  are  added  and  the  mixture 
evaporated  to  dryness.  This  is  repeated  twice  to  ensure  complete  expulsion 
of  silica  (as  SiF4).  A  few  drops  of  hydrofluoric  acid  are  then  added,  together 
with  some  macerated  filter  paper,  and  a  few  drops  of  ammonium  hydroxide  to 
precipitate  the  iron.  The  solution  is  evaporated  to  dryness,  heated  to  dull 
redness,  cooled  and  weighed.    The  loss  of  weight  is  reported  as  silica. 

Calcium  Fluoride.  The  residue  Ls  treate<i  with  2  cc.  of  hydrofluoric  acid 
and  10  drops  of  nitric  acid  (to  decompose  the  oxides),  the  crucible  covered  and 
placed  on  a  moderately  warm  water  bath  for  thirty  minutes,  the  lid  then 
removed  and  the  sample  taken  to  drj^ness.  The  evaporation  with  hydrofluoric 
acid  is  repeated  to  ensure  the  transposition  of  the  nitrates  to  fluorides,  and  if 

»  Dr.  E.  Bidtel,  Chemist,  Fairview  Fluorspar  and  Lead  Company,  Jour.  Ind.  Chem., 
Vol.  4,  No.  3,  March,  1912. 
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the  residue  is  still  colored,  hydrofluoric  acid  again  added  and  the  mixture  taken 
to  dryness  a  third  time;  then  a  few  drops  of  hydrofluoric  acid  are  added  and 
10  cc.  of  ammonium  acetate  solution  (the  acetate  solution  is  made  by  neutral- 
izing 400  cc.  of  80%  acetic  acid  with  strong  ammonia,  adding  20  grams  of  citric 
acid  and  making  the  mixture  up  to  1000  cc.  with  strong  ammonium  hydroxide). 
The  mixture  is  digested  for  thirty  minutes  on  a  boiling  water  bath,  then  filtered 
and  washed  with  hot  water  containing  a  small  amount  of  ammonium  acetate, 
and  finally  with  pure  hot  water.  (Several  washings  by  decantation  are  advis- 
able.) The  residue  is  ignited  in  the  same  crucible  and  weighed  as  calcium  fluoride. 
An  addition  of  0.0022  gram  should  be  made  to  compensate  for  loss  of  CaFa. 

Pure  calcium  fluoride  is  white.  To  test  the  purity  of  the  residue,  2  cc.  of 
sulphuric  acid  are  added  and  the  material  taken  to  fumes  to  decompose  the 
fluoride;  1  cc.  of  additional  sulphuric  acid  is  added  and  the  excess  of  acid 
expelled  by  heating.  The  residue  is  weighed  as  calcium  sulphate.  This  is  now 
fused  with  sodium  carbonate,  and  the  fusion  treated  with  hydrochloric  acid 
in  excess.    If  barium  is  present  the  solution  will  be  cloudy ( =BaS04.) 

ANALYSIS  OF  SODIUM   FLUORIDE 

Preparation  of  the  Sample  and  Insoluble  Residue.  Ten  grams  of  the 
sample  are  dissolved  in  250  cc.  of  water  in  a  beaker,  and  boiled  for  five  minutes, 
then  filtered  into  a  liter  flask  through  an  ashless  filter;  the  residue  is  washed  with 
several  portions  of  water  and  ignited.  This  is  weighed  as  insoluble  residue. 
The  filtrate  and  washings  are  made  to  1000  cc.  with  distilled  water. 

Sodium  Fluoride.  Fifty  cc.  of  the  solution  equivalent  to  0.5  gram  of 
sample  are  diluted  to  200  cc.  in  a  beaker,  0.5  gram  sodium  carbonate  is  added 
and  the  mixture  boiled.  An  excess  of  calcium  chloride  Solution  is  now  added 
slowly  and  boiled  for  about  five  minutes.  A  small  amount  of  paper  pulp  is 
added  to  prevent  the  precipitate  from  running  through  the  filter,  the  precipitate 
allowed  to  settle  and  then  filtered,  using  a  9-cm.  S.  &  S.  590,  or  B.  &  A. 
grade  A,  filter  paper.  The  fluoride  is  washed  twice  by  decantation,  and  four 
or  five  times  on  the  filter  with  small  portions  of  hot  water.  The  final  washings 
should  be  practically  free  of  chlorine. 

The  residue  is  ignited  in  a  platinum  dish,  then  treated  with  25  cc.  of  acetic 
acid,  and  taken  to  dryness.  This  treatment  is  repeated  and  the  residue  taken 
up  with  a  little  hot  water  and  filtered.  The  calcium  fluoride  is  washed  free  of 
calcium  acetate  with  small  portions  of  water,  remembering  that  CaFj  is  slightly 
soluble  in  water.    The  ignited  residue  is  weighed  as  CaFs. 

CaF,X1.0757=NaF. 

Soditun  Sulphate.  To  the  filtrate  from  calcium  fluoride  is  added  10  cc. 
hydrochloric  acid  and  then  a  hot  solution  of  barium  chloride.  The  BaSOi  is 
allowed  to  settle,  filtered,  washed,  dried,  ignited,  and  weighed  as  usual. 

BaS04  X  0.6086  =Na2S04. 

Sodium  Carbonate.  Sodium  carbonate  is  determined  on  a  5-gram  sample 
by  the  usual  method  for  carbon  dioxide  as  described  in  the  chapter  on  Carbon. 

Approximate  results  may  be  obtained  by  adding  a  small  excess  of  normal 
sulphuric  acid  to  5  grams  of  the  fluoride  in  a  platinum  dish,  boiling  off  the  carbon 
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dioxide,  and  titrating  the  excess  of  acid  with  normal  caustic,  using  phenolphthalein 
indicator. 

One  cc.  N.  H,S04  =0.053  gram  NajCO,. 

H,S04X  1.0816  =Na2C0,. 

Sodium  Chloride.  Fifty  cc.  of  the  sample  is  titrated  with  N/10  AgNO> 
solution. 

Silica.  This  is  probably  present  as  sodium  fluoride  and  silicate.  One  gram 
of  the  sample  is  dissolved  in  the  least  amount  of  water  and  a  small  excess  of 
hydrofluoric  acid  added  to  convert  the  siHcate  to  silico-fluoride,  then  an  equal 
volume  of  alcohol.  After  allowing  to  stand  for  an  hour,  the  precipitate  is  filtered, 
washed  with  50%  alcohol  until  free  of  acid  and  the  filter  and  filtrate  are  placed 
in  a  beaker  with  100  cc.  of  water,  boiled  and  titrated  with  N/10  NaOH. 

One  cc.  N/lONaOH  =0.0015  gram  SiO,  or  0.0047  gram  Na,SiF,. 

Volatile  Matter  and  Moisture.  One-gram  sample  is  heated  to  dull  jedness 
to  constant  weight.    Loss  of  weight  is  due  to  moisture  and  volatile  products. 

DETERMINATION  OF  TRACES  OF  FLUORINE 

An  approximate  estimation  of  traces  of  fluorine  may  be  made  by  utilizing 
the  method  outhned  for  detection  of  this  element.  The  apparatus  *  is  the 
same,  with  the  exception  that  the  crucible  rests  in  a  paraffine '  bath  containing 
a  thermometer  to  regulate  the  temperature.  A  casserole  may  be  used  to  hold 
the  paraffine.  By  varying  the  amounts  of  substance  tested  an  etch  is  obtained 
that  is  comparable  with  one  of  a  set  of  standard  etches,  obtained  with  known 
amounts  of  fluorine  in  form  of  calcium  fluoride,  added  to  the  same  class  of  material 
examined. 

The  conditions  in  obtaining  the  standard  etches  and  those  of  the  tests  should 
be  the  same.  This  applies  to  the  temperature  of  the  paraffine  bath,  duration 
of  the  run,  size  of  mark  exposing  the  surface  of  the  test-plate,  and  the  general 
mode  of  procedure. 

Note.  The  importance  of  regulating  the  temperature  may  be  seen  by  the  results 
obtained  by  Wooclman  and  Talbot.  With  a  temperature  of  79-82**  (5.,  one  part 
of  fluorine  may  be  detected  in  25  to  100  thousand  i)arts  of  material;  by  raising  the 
temperature  to  136°  C,  the  delicacy  of  the  procedure  is  increased  to  one  part  of 
fluorine  in  1  to  5  million  parts.  The  Imiit  of  delicacy  is  apparently  reached  at  213-218** 
C.  (i.e.,  1  part  F  per  25  million). 

*  A  metal  condenser,  such  as  is  recommended  for  mercury  determinations,  may 
be  used  and  the  paraffine  bath  substituted  by  an  electric  heater  automatically  con- 
trolled. 

2  Crisco  is  claimed  to  be  better  than  paraffine,  as  this  does  not  give  off  any  un- 
pleasant fumes  when  heated. 


GLUCINUM  (BERYLLIUM) 

W.  W.  Scott. 
Gl,  at.wt.  9.1;  sp.gr.  l.HS^;   m,p.  >  960°  C;   oxide,  GIO. 

DETECTION 

In  the  usual  course  of  analysis  glucinum  will  be  precipitated  by  ammonia  along 
with  iron  and  aluminum  hydroxides.  Sihca  having  been  removed  by  evaporation 
to  dryness  of  the  acid  solution  of  the  substance,  extraction  of  the  residue  with 
dilute  hydrochloric  acid  and  subsequent  filtration;  the  members  of  the  hydrogen 
sulphide  group  are  precipitated  from  slightly  acid  solution  by  hydrogen  sul- 
phide. The  filtrate  is  concentrated  to  about  30  cc,  and  about  2  grams  of  sodium 
peroxide  are  added  to  the  cooled  hquid,  which  is  now  heated  to  boiling  and 
filtered.  Fe(OH)j  remains  insoluble,  if  iron  is  present,  while  aluminum  and 
glucinum  dissolve.  The  filtrate  is  acidified  with  nitric  acid,  and  ammonia  then 
added  in  excess.  If  a  precipitate  forms,  alumina  or  glucinum  or  both  are  indi- 
cated. Glucinum  hydroxide  and  aluminum  hydroxide  cannot  be  distinguished 
by  appearance;  the  solubility  of  the  former  in  sodium  bicarbonate  solution  makes 
it  possible  to  separate  the  two.  The  precipitate  is  dissolved  in  acid  and  the 
solution  made  almost  neutral  with  ammonia.  Solid  sodium  bicarbonate  is  added 
in  sufilcient  amount  to  make  the  solution  contain  10%  of  the  reagent  and  the 
mixture  heated  to  boiling,  then  filtered.  Alumina  hydroxide  remains  on  the  filter 
paper  and  glucinum  passes  into  the  filtrate,  in  which  it  may  be  detected  by 
diluting  to  ten  volumes  with  water  and  boiling,  whereupon  glucinum  hydroxide 
precipitates. 

Glucinum  hydroxide,  G1(0H)2,  is  precipitated  from  neutral  or  acid  solu- 
tion by  ammonia,  insoluble  in  excess  (distinction  from  Al(OH)s).  It  is  pre- 
cipitated by  sodium  and  potassium  hydroxides,  soluble  in  excess  (separation 
from  iron);  if  this  solution  is  boiled  G1(0H)2  is  reprecipitated,  A1(0H)3  remains 
in  solution.  G1(0H)2  ia  soluble  in  an  excess  of  ammonium  carbonate,  Al  (0H);» 
is  insoluble. 

ESTIMATION 

Glucinum  occurs  in  the  minerals  ber>'l,  euclase,  davalite,  chrysoberyl,  helvite, 
leucophane,  phencaite. 

The  oxide,  GIO,  is  soluble  in  strong  sulphuric  acid.  It  is  decomposed  by 
fusion  with  potassium  fluoride.  The  freshly  precipitated  hydroxide,  G1(0H)2, 
is  easily  soluble  in  dilute  acids,  in  alkalies  and  alkali  carbonates  and  bicar- 
bonates. 

The  methods  of  preparation  and  solution  of  the  sample  are  the  same  as 
those  described  for  the  estimation  of  aluminum.  For  details  of  these  procedures 
the  analyst  is  referred  to  the  chapter  on  this  element. 

189 


190  GLUCINUM  (BERYLLIUM) 

SEPARATIONS 

Removal  of  Silica  and  Members  of  the  Hydrogen  Sulphide  Group.    See 

proceduie  given  under  "  Detection." 

Separation  of  Glucinum  from  Iron  and  Manganese.  The  acid  solution 
is  nearly  neutralized  with  anuuonia  and  then  poured  with  constant  stirring  into 
an  excess  of  a  cold  mixture  of  ammonium  sulphide  and  carbonate.  Iron  and 
manganese  are  precipitated,  whereas  glucinum  passes  into  the  filtrate.  (Zir- 
conium and  yttrium  will  be  found  with  glucinum,  if  they  are  present  in  the 
material  examined.) 

Separation  from  Zirconium  and  Yttrium.  The  filtrate  obtained  from 
the  separation  of  iron  and  manganese  is  boiled  for  an  hour,  the  precipitate 
is  filtered  and  washed,  then  dissolved  in  dilute  hydrochloric  acid.  To  this 
solution  is  added  an  excess  of  sodium  hydroxide,  zirconium  and  yttrium  are  pre- 
cipitated, whereas  glucinum  remains  in  solution.  After  filtering,  glucinum 
may  be  precipitated  by  boiling  the  diluted  filtrate. 

Separation  from  Aluminum,  Chromium  and  Iron.  The  elements  precip- 
itated as  hydroxides  are  ignited  to  oxides  and  fused  with  sodium  carbonate 
for  an  hour  or  more.  Upon  leaching  with  water,  aluminum  and  chromium  dis- 
solve, while  iron  and  glucinum  remain  insoluble.  The  oxides  of  glucinum  and 
iron  may  be  separated  by  fusion  with  sodium  acid  sulphate,  extracting  with  water 
and  precipitating  the  iron  with  an  excess  of  sodium  hydroxide,  glucinum  re- 
maining in  solution. 

Separation  of  Glucinum  from  Aluminum.  The  hydroxides  of  alumina 
and  glucinum  are  precipitated  with  anunonia  and  the  precipitate  treated  with 
an  excess  of  ammonium  carbonate.  G1(0H)2  dissolves,  whereas  Al(OH)a  re- 
mains insoluble.  See  Detection,  also  Gravimetric  Method  for  Determination 
of  Glucinum. 


GRAVIMETRIC  DETERMINATION  OF  GLUCINUM 

The  procedure  recommended  by  Parsons  and  Barnes  ^  depends  upon  the 
solubility  of  glucinum  hydroxide  in  a  10%  sodium  bicarbonate  solution,  in  the 
separation  of  this  element  from  iron  and  aluminum  hydroxide  precipitate,  with 
which  it  is  commonly  thrown  out  from  solution.  (Uranium,  if  present,  also 
dissolves.) 

Procedure.  Silica  and  the  members  of  the  hydrogen  sulphide  group  having 
been  removed  by  the  usual  methods  (See  Detection),  hydrogen  sulphide  is 
expelled  by  boiling,  nitric  acid  is  added  in  sufficient  amount  to  oxidize  iron 
(the  hydrochloric  acid  solution  turns  yellow)  and  ammonium  hydroxide  added 
in  shght  excess.  The  precipitated  hydroxides  are  allowed  to  coagulate  by  heating 
to  boiling  and,  after  settling  a  few  minutes,  filtered  and  washed  with  a  2% 
solution  of  ammonium  acetate  containing  free  ammonia. 

Separation  from  Iron  and  Aliuninum  Hydroxide.  The  precipitate  is 
dissolved  in  hydrochloric  acid,  the  solution  oxidized  with  nitric  acid  or  hydro- 
gen peroxide  (C.P.),  if  necessary,  and  the  free  acid  then  neutralized  with  anunonia. 
To  the  cold  solution  are  added  10  grams  of  sodium  bicarbonate  for  each  100  cc. 

1 C.  L.  Parsons  and  S.  K.  Barnes,  Jour.  Am.  Chera.  See,  28,  1589,  1906. 
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of  liquid.  The  mixture  is  heated  to  boiling  and  boiled  for  one  minute,^  then 
cooled  and  filtered.  The  residue  is  washed  with  hot  10%  solution  of  sodium 
bicarbonate.  Iron  and  aluminum  hydroxides  remain  on  the  filter  and  gluci- 
num  passes  into  the  filtrate. 

To  recover  occluded  glucinum  from  the  hydroxides  of  iron  and  alumina, 
the  precipitate  is  dissolved  in  a  few  drops  of  hydrochloric  acid,  and  the  pre- 
cipitation repeated.  It  is  advisable  to  repeat  this  treatment  a  third  time, 
adding  the  filtrates  to  the  first  portion  containing  the  glucinum. 

Precipitation  of  Gladnum.  The  combined  filtrates  from  the  alumina  and 
iron  hydroxides  are  acidified  with  strong  hydrochloric  acid,  the  beakers  covered 
to  prevent  loss  by  spurting  and  the  carbon  dioxide  completely  removed  by 
boiling.  (COs  remaining  in  solution  would  form  ammonium  carbonate,  on  sub- 
sequent treatment  with  ammonia,  which  would  dissolve  glucinum.)  A  slight 
excess  of  ammonia  is  now  added,  the  mixture  again  boiled  and  the  precipitated 
f^ucinum  hydroxide  allowed  to  settle,  then  filtered  and  washed  with  a  2%  solu- 
tion of  ammonium  acetate  containing  free  ammonia,  until  the  chlorides  are  removed. 
After  ignition  the  residue  is  weighed  as  glucinum  oxide,  GIO. 

GIO  X  0.3626  =G1. 

'  Prolonged  boiling  would  cause  the  loss  of  too  much  COt,  so  that  Al(OH)s  would 
be  apt  to  pass  into  solution.     The  evolution  of  COs  may  be  mistaken  for  boiling. 


GOLD 

W.  G.  Derby 
An^  at.wt.  197.2;  8p,gr.  19.33;  m«p.  1063;  b,p.  2530*"  C;  oxides,  Au^O,  AUaOs 

DETECTION 

Because  of  the  limited  application  and  tediousness  of  wet  methods,  the 
detection  of  a  small  quantity  (2  parts  per  million  or  less)  of  gold  in  a  mineral  or 
base  metal  is  most  positively  carried  out  by  furnace  methods  of  assaying. 
Wet  methods  of  detection  of  traces  of  gold  can  be  applied  only  to  solutions  free  of 
colored  salts  and  elements  precipitated  by  the  reagents  employed.  As  a  rule, 
in  the  treatment  of  an  unknown  substance,  advantage  is  taken  of  the  solubility 
of  most  metals  and  their  compounds,  and  insolubility  of  gold  by  one  of  the  mineral 
acids. 

Detection  of  Gold  in  Alloys*  In  metals  or  alloys  which  produce  colorless 
solutions  with  dilute  nitric  acid,  gold,  in  the  absence  of  other  insoluble  matter, 
exhibits  itself  as  a  black  or  brownish  residue  which  settles  readily,  and  from  which 
the  hquid  can  be  separated  by  careful  decantation.  If  unassociated  with  metals 
of  the  platinum  group,  this  residue  will  become  yellowish  brown  on  heating  with 
strong  nitric  acid. 

In  copper,  nickel  and  such  alloys,  which  leave  a  residue  of  sulphur,  carbon  or 
silicious  matter  on  treatment  with  dilute  nitric  acid,  the  solution  is  filtered  through 
double  ashless  filters  and  the  filter  and  residue  incinerated  in  a  porcelain  crucible. 
The  residue,  which  may  require  pulverizing,  is  digested  for  a  few  minutes  with 
aqua  regia,  and  the  dilute,  filtered  solution  evaporated  to  dryness  by  heating 
below  200®  F.  Just  as  soon  as  dry,  the  mass  is  moistened  with  the  least  quantity 
of  hydrochloric  acid  and  the  purple  of  Cassius  test  applied  to  its  water  solution 
in  a  small  volume.  This  test  is  made  by  adding  a  solution  of  stannous  chloride, 
containing  stannic  chloride.  In  strongly  acid  and  concentrated  gold  solu- 
tions a  precipitate  of  brown  metallic  gold  is  obtained.  If  the  solution  is  but 
slightly  acid  and  dilute,  a  reddish  purple  color  is  produced  by  colloidal  gold  and 
the  stannic  acid.  The  tint  fades  on  standing.  Addition  of  ammonia  produces 
a  red  coloration. 

This  test  applied  to  1  part  of  gold  in  600,000  of  solution  will  impart  a  per- 
ceptible shade;  to  double  this  quantity,  a  mauve  color.  When  gold  is  present  in 
somewhat  greater  proportion  a  flocculent  precipitate  will  form. 

Test  for  Gold  in  Minerals,  From  minerals,  in  which  the  metal  exists  in  unal- 
loyed, or  uncombined  state,  gold  may  be  extracted  by  iodine  in  potassium  iodide 
solution,  or  by  chlorine  or  bromine  water.  All  minerals  containing  sulphides 
should  be  roasted.  In  natural  or  roasted  state  the  sample  should  be  ve  y  finely 
pulverized,  and  usually  yields  the  gold  best  if  first  digested  with  nitric  acid  and 
washed  free  of  soluble  salts.  The  sample  in  a  flask  is  covered  with  bromine 
water,  the  flask  closed  with  a  plug  and  shaken  frequently  during  a  period  of  three 
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four  hours.  The  purple  of  Cassius  test  is  applied  to  the  extract,  removed  by 
uecantati  n  after  concentration. 

If  it  is  evident  that  base  metals  are  present  in  the  bromine  water  extract  in 
quantity  sufficient  to  mask  the  purple  of  Cassius  test,  hydrogen  peroxide  is  added 
io  the  concentrated  hquid,  slightly  alkaline  with  sodium  or  p>otassium  hydroxide 
•ir  carbonate.'  After  boiling  the  solution  until  hydrogen  peroxide  is  removed, 
precipitated  hydroxides  or  carbonates  are  dissolved  by  hydrochloric  acid.  Gold  in 
exceedingly  small  quantity  exhibits  itself  as  a  light-brown  residue  on  a  fine  filter. 
This  indication  should  be  confirmed  by  a  purple  of  Cassius  test  on  the  aqua  regia 
solution  of  the  residue;  the  test  carried  out  in  the  same  manner  as  on  the  residue 
from  a  solution  of  a  metal. 

Benzidine  Acetate  Tests.  Maletesta  and  Nola '  make  use  of  benzidine  acetate 
(1  gram  benzidine  dissolved  in  10  cc.  acetic  acid  and  50  cc.  water)  as  a  reagent  in 
the  detection  of  gold  and  platinum  in  quite  dilute  solutions.  Gold  gives  a  blue 
coloration  which  gradually  changes  to  violet.  The  coloration  is  green  in  the 
presence  of  free  acetic  acid,  changing  to  blue  with  addition  of  benzidine  in  excess. 
Platinum  gives  a  blue  flocculent  precipitate,  the  formation  of  which  is  pro- 
moted by  heating.  Free  mineral  acids  have  no  influence  on  the  gold  and  retard 
the  platinum  reaction  only  in  the  cold.  Since  ferric  salts  give  a  blue  colora- 
tion, stable  only  in  excess  of  benzidine,  their  absence  must  be  assured  before 
application  of  the  test  for  the  precious  metals.  The  limit  of  sensitiveness 
of  the  test  is  35  parts  for  gold  and  125  parts  for  platinum  per  10,000,000. 

Fhenylhydrazine  Acetate  Test.  E.  Pozzi  Escot'  adds  phenylhydrazine 
acetate  to  a  very  dilute  gold  solution  which  contains  an  excess  of  an  organic  acid 
(formic  or  citric).  A  violet  coloration,  permanent  for  several  hours,  is  imparted. 
The  depth  of  color  is  proportional  to  the  quantity  when  the  gold  is  present  in  less 
amount  than  one  part  in  500,000. 

ESTIMATION 
Solubility 

Gold  in  massive  form  is  practically  insoluble  in  pure  nitric,  sulphuric  or  hydro- 
chloric acids,  but  in  the  presence  of  oxidizing  agents,  is  attacked  appreciably  by 
sulphuric,  and  actively  by  hydrochloric  acid.  Gold  is  found  in  minute  quantity 
in  the  nitric  acid*  solution  of  its  alloys  and  in  such  as  contain  selenium,  the 
amount  may  be  a  large  part  of  the  total  present. 

Gold  is  attacked  energetically  by  aqua  regia.  Large  amounts  of  gold  are 
dissolved  with  requirement  of  least  attention  when  the  proportion  of  hydrochloric 
acid  is  several  times  that  of  the  aqua  regia  formula,  (3HC1  :  IHNOs). 

Crold  is  dissolved  by  solutions  of  chlorine  or  bromine,  by  alkaline  thiosulphates; 
in  the  presence  of  free  oxygen  by  iodine  in  potassium  iodide  solution,  by  soluble 
cyanides,  by  fused  potassium  or  sodium  hydroxide;  by  fused  potassium  or  sodium 
nitrate  or  sulphide.  In  a  finely  divided  state,  it  is  dissolved  by  a  solution  of  potas- 
sium or  sodium  hydroxide. 

Gold  alloys  quickly  with  molten  lead.  When  in  the  form  of  bright,  untarnished 
particles  it  alloys  readily  with  mercury. 

>  Vanino  and  Seeman,  Berichte,  3S,  1968;  Rossler,  Zeit.  Anal.  Chem.,  49,  733. 

s  Bull.  Chim.  Farm,  62, 461;  Chem.  Abs.,  April  20,  1397,  1914. 

» Am.  Chim.  Anal.  AppL,  1907, 12,  90;  J.S.C.I.,  June  15,  1907,  645. 

« Dewey,  J.A.C.S.,  March,  1910,  318;  E.  Keller,  Bull.  Am.  Inst.  Min.  Eng.,  67,  681. 
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GRAVIMETRIC  METHODS 

Gold  is  always  weighed  in  metallic  state,  and  is  determined  most  accurately 
in  the  form  of  the  mass  obtained  by  dilute  nitric  acid  treatment  of  the  silver 
alloy  resulting  from  the  operation  of  cupellation  in  the  method  of  assaying  by 
furnace  processes.  On  account  of  tediousness  in  making  complete  separation 
from  associated  metals,  and  of  uncertainty  in  collection  of  the  product  in  a 
form  suitable  for  accurate  weighing,  direct  precipitation  methods  are  never  used 
for  the  valuation  of  gold-bearing  material,  but  may  be  applied  to  the  estimation 
of  gold  in  plating  baths,  the  Wohlwill  parting  electrolyte  and  solutions  of  similar 
type. 

Precipitation  of  Gold.  From  such  solutions  of  auric  chloride,  slightly  acid 
with  hydrochloric,  freed  of  oxidizing  agents  by  evaporation  and  displacement  with 
hydrochloric  acid,  and  containing  but  little  of  the  salts  of  the  alkalis  or  alkali 
earths,  gold  is  separated  from  other  than  occluded  platinum  and  palladium  by 
precipitation  with  oxalic  acid,  ferrous  sulphate,  or  hydrazine  hydrochloride.  The 
reactions  are  hastened  by  heat.  When  salts  of  the  alkalis  or  earths  are  present, 
equally  good  separation  and  more  complete  precipitation  can  be  obtained 
by  addition  of  excess  of  sodium  peroxide,  boiling  vigorously  for  a  few  minutes 
and  then  acidifying  with  hydrochloric  acid.  The  precipitated  metal  is  collected 
on  an  ashless  filter  paper,  and  after  drying,  weighed. 

Gold  precipitated  from  a  very  weak  solution  is  in  such  fine  form  that  it  is  not 
wholly  retained  by  the  finest  paper. 

Wet  Qold  Assay  of  Minerals 

A  wet  gold  assay,  suitable  for  prospector's  use,*  is  carried  out  by  covering  one 
assay  ton  (29.17  grams),  of  the  finely  pulverized  natural  or  roasted  ore,  in  a  por- 
celain mortar,  with  50  cc.  of  a  solution  of  2  parts  of  iodine  and  4  parts  potassium 
iodide  in  100  cc.  of  water.  Sulphide  ores  should  be  roasted  and  digested  with 
nitric  acid  before  treatment  with  the  iodine  solution.  Simila;*  treatment  is 
advantageously  applied  to  all  ores.  The  ore  is  ground  in  contact  with  the  iodine 
solution  and  additions  of  the  halogen  are  made  whenever  the  liquid  becomes  color- 
less. The  solution  is  then  allowed  to  stand  at  least  an  hour.  To  the  filtrate 
and  washings  from  the  pulp,  in  a  glass-stoppered  bottle  or  fiask,  are  added  5 
grams  of  gold  free  mercury.  The  liquid  is  shaken  vigorously  with  the  mercury 
until  clear.  The  mercury  is  then  transferred  to  a  small  porcelain  casserole, 
washed  with  clean  water  and  dissolved  by  warming  carefully  with  10  cc.  nitric 
acid.  The  gold  mass  is  washed  free  of  nitrate  of  mercury  by  decantation,  dried 
and  annealed  by  heating  in  a  casserole  over  a  Bunsen  flame,  and  the  metal 
weighed.  Each  milligram  represents  an  ounce  per  ton.  Results  obtained  by  this 
method  of  assaying  are  usually  more  than  50  per  cent  of  the  actual  gold  content. 

Electrolytic  Method.  The  gold  content  of  a  cyanide  plating  bath  containing 
no  potassium  ferrocyanide  may  be  estimated  by  electrolysis.* 

Procedure.  A  measured  quantity,  25  to  50  cc.  in  a  tared  platinum  dish,  is 
diluted  to  1  cm.  of  the  rim  of  the  dish  and  using  a  carbon  of  platinum  anode,  elec- 

1  De  Luce,  Min.  Sci.  Press,  100,  895;  Hawson,  Min.  Sci.  Press,  100,  936;  Davis, 
Mines  and  Minerals,  Oct.,  1910,  Feb.,  1911;  Austen,  Inst,  of  Min.  and  Met.,  May 
31,  1911. 

'Electro  Deposition  of  Metals,  Langbein. 
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trolyzed  for  about  three  hours  at  a  current  density  NDioo  =0.067  amp.  (.0.0043  per 
square  inch).  Completion  of  deposition  is  recognized  by  the  lack  of  any  deposit 
within  fifteen  minutes,  on  a  platinum  strip  suspended  on  the  rim  of  the  dish.  The 
dish  plus  gold  deposit  is  washed,  rinsed  with  alcohol,  dried  at  212''  and  when  cold 
weighed. 

The  following  is  a  simimary  of  the  conditions  of  deposition  of  gold  in  compact 
form  as  described  by  Classen  ^  3  grams  potassium  cyanide  \viere  added  to  a  gold  chloride 
solution  containing  0.0545  grams  of  gold  m  120  cc.  This  solution  heated  to  about  55**  C. 
when  electrolyzed  at  a  current  density  of  NDioo=  0.38  amp.  (0.024  amp.  per  square  inch) 
with  a  potential  difference  of  2.7-4.0  volts,  deposited  its  n>Id  content  in  one  and  a 
half  hours.  Time  required  for  deposition  is  tripled  if  the  Sectrolyte  is  at  room  tem- 
perature. 

Miller'  deposited  0.1236  gp^m  of  gold  in  two  and  a  quarter  hours  from  125  cc. 
of  electrolyte  at  50**  C.  oontamin^  1  gram  potassium  cyanide  by  a  current  of  NDioo= 
0.03  amp.  (0.002  amp.  per  square  mch)  and  2.5  volts. 

Perkm  and  Preble '  use  an  electrolyte  containing  ammonium  thiocyanate  in  place  of 
potassium  or  sodium  cyanide. 

Gold  is  removed  from  the  platinum  electrode  by  warming  with  a  solution  of  chromic 
anhydride  in  a  saturated  salt  solution,^  or  with  a  solution  of  potassium  cyanide  con- 
taining some  oxidizing  agent  as  hydrogen  peroxide,  sodium  peroxide  or  alkali  per- 
sulphiUe.* 

VOLUMETRIC  METHODS 

• 

These  methods  are  applicable  to  the  determination  of  the  strength  of  chloride 
of  gold  solutions  used  in  photography,  electro  gilding,  and  as  electroljrte  in  the 
Wohlwill  parting  process. 

Preparation  of  the  Sample,  Nitric  acid  or  nitrates  in  the  solutions  should  be 
removed  by  repeated  evaporations  to  syrup  with  addition  of  hydrochloric  acid 
saturated  with  chlorine.  Free  chlorine  or  bromine  should  be  removed  by  addition 
of  ammonia  to  formation  of  permanent  precipitate,  then  making  the  solution 
very  slightly  acid  with  hydrochloric  acid  and  heating  until  the  precipitate  of 
fulminating  gold  dissolves.  The  gold  solution  should  contain  but  little  free 
hydrochloric  acid,  an  excessive  amount  of  which  may  be  removed  by  anunonia. 

Permanganate  Method 

Weak  gold  solutions  should  be  concentrated  whenever  possible.  The  perman- 
ganate method,*  which  is  not  applicable  when  the  sample  contains  organic  matter, 
depends  upon  the  titration,  after  complete  precipitation  of  gold,  of  the  unoxidized 
portion  of  a  measured  quantity  of  an  added  reagent  of  a  known  gold  precipi- 
tating value.  The  reagent  may  be  ammonium  or  potassium  oxalate,  ferrous 
sulphate  or  ferrous  ammonium  sulphate  in  solutions  varying  from  5  to  25  milligrams 
gold  prediMtating  value  and  is  titrated  with  a  permanganate  solution  of  approx- 
imatdy  equal  oxidizing  strength.  One  part  of  gold  requires  for  precipitation  1.08 
of  ammonium  oxalate,  1.40  of  potassium  oxalate,  4.22  of  ferrous  sulphate,  5.96 

1  Claflsen,  **  Quantitative  Chemical  Analysis  by  Electricity/'  Classen-Boltwood. 

« J.A.C.S.,  Oct.,  1904,  1255. 

s  Elec.  Chem.  and  Met.  Ind.,  8,  490. 

*  Classen-Boltwood,  "  Quantitative  Chemical  Analysis  by  Electricity." 
»  Rose,  "  Met.  of  Gold,*^  5th  Ed.,  469. 

•  Bull.  Chim.  Farmac.,  1894,  XXX,  III,  25;  Oestr.  Zeit.  f.  Berg,  und  Hut.,  182, 1880: 
Sutton,  ''  Volumetric  Analysis/'  10th  Ed.;  E.  A.  Smith,  **  Sampling  and  Assaying  ol 
Precious  Metals  " ;  Min.  Eng.  World,  37, 853. 


196  GOLD 

parts  ferrous  ammonium  sulphate,  each  in  crystalline  form.  The  most  satis- 
factory precipitations  are  made  with  the  iron  salts.  The  standard  solution  of 
either  should  contain  about  0.1  per  cent  of  sulphuric  acid.  One  part  of  gold,  in 
solution  as  auric  chloride,  has  an  oxidizing  value  equivalent  to  0.4808  part  of 
potassium  permanganate. 

The  precipitating  value  of  0.2548  gram  of  dry  Sorenson's  sodium  oxalate  is  250 
milligrams  of  gold,  and  by  titrating  a  solution  of  this  amount  of  (  xalate  in  250  cc. 
of  water,  aciddatetTwith  a  few  drops  of  sulphuric  acid,  the  oxidizing  value  of  the 
permanganate  solution  is  obtained  in  terms  of  gold. 

The  value  of  the  precipitating  reagent  and  relative  oxidizing  value  of  the 
permanganate  solution  can  be  checked  very  accurately  by  adding  a  measured 
quantity  of  the  reagent  to  an  excess  of  gold  chloride,  filtering,  washing  thoroughly, 
incinerating  and  weighing  the  precipitate  obtained  in  a  tared  porcelain  crucible. 

Procedure.  In  carrying  out  the  determination  of  a  gold  solution,  a  meas- 
ured or  weighed  portion  is  freed  of  oxidizing  agents,  a  measured  amount  of  the 
standard  precipitating  reagent  added  in  slight  excess  of  the  amount  required  to 
decolorize  the  solution,  and  digestion  on  a  steam  bath  or  hot  plate  continued  until 
the  gold  settles  out,  leaving  a  clear  liquid.  A  few  drops  of  sulphuric  acid  may  be 
then  added  and,  without  filtering,  titration  performed.  The  gold  value  of  the 
quantity  of  reagent  added,  minus  that  found  of  the  excess  of  reagent,  is  the  gold 
content  of  the  amount  of  the  sample  taken. 

Iodide  Method 

Small  quantities  of  gold  are  determined  by  Gooch  and  Morley's  iodide 
method.^  A  measured  or  weighed  portion  of  the  gold  solution  is  treated, 
as  has  been  described  for  removal  of  oxidizing  agents,  with  an  excess  of  free 
hydrochloric  acid.  Potassium  iodide  solution  is  run  into  the  cold  liquid  until 
the  gold  precipitated  as  aurous  iodide  is  completely  dissolved.  Starch  solution  is 
then  added,  and  the  amount  of  N/1000  thiosulphate  required  to  decolorize  the 
liquid  noted.  From  this  amount  is  deducted  the  amount  of  N/1000  iodine 
required  to  just  produce  a  perceptible  rose  tint  in  the  liquid. 

The  reactions  involved  are  AuCl,+3KI  =AuI+l2-|-3KCl  and  I.-|-2NatS»0a» 
2NaI-|-Na«S40  . 

The  gold  value  of  the  N/1000  solution  of  sodium  thiosulphate  should  be  deter- 
mined by  performance  of  the  operations  of  the  method  on  a  known  quantity 
of  gold,  similar  in  amount  and  contained  in  a  volume  of  solution  approxi- 
mately equal  to  that  of  the  analysis. 

Lenher's  Method.  By  Lenher's  method  *  of  determining  gold  in  solutions  free  of 
oxidizing  agents,  sulphurous  acid  of  a  reducing  strength  of  2-5  milligrams  gold  per  cc.  is 
used  as  the  rea^nt.  The  sulphurous  acid  requires  frequent  standardizing  by  means 
of  standard  iodme  or  potassium  iodide  to  which  a  definite  amount  of  standard  per- 
manganate has  been  added  or  by  a  gold  solution  of  known  strength.  Using  starch 
as  indicator,  the  iodine  Hberated  by  addition  of  potassium  iodide  can  be  titrated  by 
sulphurous  acid.  Bromine  liberated  by  potassium  bromide  according  to  the  equation. 
AuCl,-4  2KBr=AuCl-h2KCl-l-Brj,  can  \)e  titrated  by  sulphurous  acid.  Excess  df 
magnesium  or  sodium  chloride  gives  to  auric  chloride  a  yellow  color  which  by  sul- 
phurous acid  can  be  titrated  to  the  colorless  or  aurous  state.  These  alkaline  salts 
do  not  interfere  in  the  potassium  bromide  or  iodide  reactions. 

»Amer.  Jour.  Sci.,  Oct.,  1899,  261;    Min.  and  Eng.  World,  87,  853;    Vol.  Am., 
Sutton,  10th  Ed. :  "  Assaying  of  Precious  Metal,"  E.  A.  Smith. 
'  Jour.  Am.  Cnem.  Soc,  June,  1913,  735. 
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COLORIMETRIC  METHODS 

Practical  application  of  these  methods  is  made  in  the  estimation  of  gold  in 
the  liquors  produced  in  the  treatment  of  ores  by  the  cyanide  process. 

Prister's  Method 

By  Prister's  method  ^  a  slight  excess  of  copper  solution  is  added  to  a  100  to  200- 
CO.  portion  of  a  cyanide  solution  in  which  the  cyanide  has  been  decomposed  by 
boiling  several  minutes  after  acidif3dng  with  hydrochloric  acid.  Assurance  of 
the  presence  of  an  excess  of  copper  is  made  by  spot  test  with  a  solution  of  potas- 
sium ferrocyanide. 

The  copper  solution  is  made  by  boiling  for  ten  minutes  in  contact  with  copper 
shavings,  a  solution  of  1  part  blue  vitriol  and  2  parts  salt  in  10  parts  of  water, 
and  adding  a  little  acetic  acid  on  cooUng.  A  few  drops  of  a  1  to  2  %  sodium  sul- 
phide solution  are  added,  the  Uquid  boiled  for  five  minutes,  the  precipitate 
allowed  to  settle,  and  liquid  separated  by  decantation  on  to  a  filter.  The  pre- 
ci|ntate  in  the  beaker  and  on  the  filter  is  dissolved  with  2}  to  3  cc.  of  a  3  to  5% 
solution  of  potassium  cyanide  to  which  a  few  drops  of  potassium  hydrate  solu- 
tion has  been  added. 

Gold  is  precipitated  from  this  cyanide  solution  (which  may  be  turbid),  by 
addition  of  1  to  2  g  ams  of  zinc  dust  and  warming  to  100^  F.  for  half  an  hour. 
Liquid  is  separated  by  decantation  through  a  filter.  The  residue  on  the  filter 
and  in  the  beaker  is  first  treated  with  hydrochloric  acid  to  dissolve  zinc,  then  with 
10  cc.  aqua  regia,  the  reagent  being  passed  several  times  through  the  filter. 
Stannous  chloride  solution  is  then  added  to  the  liquid  diluted  to  20  cc.  Com- 
parison of  the  coloration  produced  is  made  with  that  from  a  standard  solution  of 
gold  treated  in  the  same  manner. 

CassePs  Method.  By  Cassel's  method  *  0.5  gram  potassium  bromate  is  mixed 
with  10  to  50  cc.  of  the  cyanide  solution  and  concentrated  sulphuric  acid  added 
gradually  with  constant  agitation  until  reaction  commences.  When  the  reaction 
stops,  saturated  solution  of  stannous  chloride  is  added  dropwise  until  the  liquid  is 
just  colorless.  The  tint  produced  is  compared  with  that  from  a  standard  gold 
solution  treated  in  the  same  manner. 

Moir*8  Metiiod.  By  Moir*s  method  ^  a  measured  quantity  of  the  cyanide  solution 
is  oxidised  by  addition  of  1  to  2  grams  of  sodium  peroxide  and  boiling.  If  sufficient 
sodium  peroxide  is  present,  the  brown  spot  produced  by  addition  of  a  few  drops  of 
lead  acetate  will  immediately  dissolve.  The  lead-aluminum  couple  formed  by  addi- 
tioQ  of  aluminum  jxiwder  precipitates  gold  which  is  filtered  off.  To  the  aqua  regia 
sohiticm  of  the  precipitate  a  solution  of  stannous  chloride  is  added  drop  by  drop  until 
the  liquid  is  dinolved.  The  purple  of  Cassius  tint  developed  is  compared  with  per- 
manemt  standards  composed  of  mixtures  of  solutions  of  copper  sulphate  and  cobalt 
nitrate  which  have  been  adjusted  to  shades  corresponding  to  those  produced  by  known 
amounts  of  sold  treated  according  to  the  method  described. 

Bettel  *  filters  suspended  matter  from  the  cyanide  solution,  adds  a  measured  quan- 
tity of  a  strong  solution  of  potassium  cyanide  which  contains  some  cuprous  cyanide  and 
preciiHtates  gmd  by  the  copper  zinc  couple  produced  by  addition  of  a  measured  quantity 
of  zinc  fume.    The  remainder  of  the  method  is  the  same  as  Prister's. 

»  Proc.  Chem.  Met.  and  Min.  Soc.  of  So.  Af .,  IV,  235,  1904. 

*  Eng.  and  Min.  Journal.  Oct.  31,  1903. 

•  Proc.  Chem.  Met.  and  Min.  Soc.  of  So.  Af.,  Sept.,  1913. 
« Min.  World,  SS,  102  and  35,  987. 
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Dowsett's  *  factory  test  of  barren  cyanide  solutions  is  capable  of  detecting 
variation  in  gold  value  of  1  cent  per  ton  in  solutions  varying  from  one 
cent  to  about  15  cents  per  ton.  To  500  cc.  of  the  sample  in  a  bottle  with  slight 
shoulder  are  added  10-15  cc.  saturated  sodium  cyanide  solution,  2  or  3  drops 
saturated  lead  nitrate  solution  and  1-2  grams  200-mesh  fine  zinc  dust.  The  stop- 
pered bottle  is  shaken  violently  until  the  precipitate  settles  rapidly.  Inverting 
the  bottle  allows  the  precipitate  to  settle  into  a  casserole.  Clear  liquid  is  removed 
by  decantation.  Zinc  is  dissolved  by  hydrochloric  acid  added  drop  by  drop  until 
reaction  ceases.  A  few  drops  excess  hydrochloric  acid  and  3-5  drops  dilute 
nitric  acid  (sp.gr.  1.18)  are  added  and  the  liquid  concentrated  to  1-2  cc.  The 
solution  is  transferred  to  a  J- in.  diameter  test-tube,  about  1  cc.  of  stannous  chloride 
reagent  added  and  grade  of  cyanide  solution  estimated  by  the  tint  obtained  after 
one  or  two  minutes  standing.  1/1000  oz.  gold  per  ton  of  original  cyanide  solution 
gives  a  very  slight  coloration;  15/10000  a  slight  yellow;  1/500  a  slight  pinkish 
yellow;  3/1000  a  strong  pink;  1/250  the  purple  of  Cassius.  Too  much  nitric  acid 
hinders  the  production  and  the  presence  of  mercury  causes  modification  of  the 
color.-  No  more  lead  nitrate  should  be  used  than  is  sufficient  to  produce  a  rapidly 
settling  precipitate.  The  stannous  chloride  reagent  is  a  water  solution  contain- 
ing about  12J%  crystals  and  10%  concentrated  hydrochloric  acid. 

PREPARATION   OF  PROOF  GOLD 

Commercial  gold  may  contain  arsenic,  antimony,  selenium,  tellurium^  copper, 
lead,  mercury,  silver,  zinc,  palladium,  platinum  and  other  metals  of  the  platinum 
group.  The  method  of  making  pure  gold  depends  to  a  certain  extent  upon  the 
character  and  quantity  of  impurities.*  The  method  described  assumes  the 
raw  material  to  be  of  extreme  impurity.    The  metal  is  treated  in  10-g  am  portions. 

When  the  metal  contains  silver  its  solution  is  effected  most  quickly  by  rolling 
extremely  thin  and  annealing  before  treatment  with  acids. 

The  strips,  in  a  covered  No.  6  casserole  on  a  steam  bath,  are  dissolved  with  a 
mixture  of  5  cc.  nitric  and  50  cc.  hydrochloric  acid.  If  but  little  silver  is  present 
the  quantity  of  hydrochloric  acid  may  be  decreased  to  25  cc.  The  solution  is 
evaporated  to  dryness  and  the  casserole  gently  heated  over  a  Eunsen  flame  until 
all  the  gold  is  reduced  to  metal. 

Digestion  with  ammonia  will  dissolve  most  of  the  silver  and  copper.  After 
decanting  the  ammoniacal  solution  and  wiushing  with  water,  the  gold  is  digested 
with  hot  nitric  acid.  If  the  solution  is  wine  colored  the  digestion  is  continued 
for  several  hours,  and  reheated  with  fresh  portions  of  acid  until  the  absence  of 
color  indicates  removal  of  palladium.  The  gold  is  now  dissolved  with  5  cc.  of  nitric 
and  15  to  20  cc.  hydrochloric  acids,  evaporated  to  dryness,  residue  moistened  with 
the  least  quantity  of  hydrochloric  acid,  dissolved  with  about  800  cc.  water  and 
liquid  transferred  to  a  1000  cc.  beaker.  After  the  faint  cloud  of  silver  chloride 
settles  to  the  bottom  of  the  beaker,  the  clear  liquid  only  is  siphoned  to  another 
beaker,  and  allowed  to  stand  another  period  of  several  days  if  it  appears  at  all 
cloudy.  The  clear  li(iuid  is  now  siphoned  into  a  1000-cc.  flask  and  sulphur  dioxide 
gas  passed  until  the  gold  is  practically  all  precipitated.    The  gold  is  allowed  to 

»  Trans.  I.M.M.,  1912-13,  190;  Met.  and  Chem.  Eng.,  July,  1914. 

2Eng.  and  Min.  Jour.,  68,  785,  1899;  ♦'Metallurgy  of  Gold,"  Rose,  5th  Ed.;  Min. 
and  Sci.  Press,  Nov.  14,  1903;  "  Manual  of  Fire  Assaymg,"  Fulton;  "  Assaying  of  Pre- 
cious Metals,"  Smith. 
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settle,  digested  with  hot  nitric  acid  for  a  few  minutes,  washed  by  decantation 
several  times,  redissolved  with  aqua  regia,  solution  transferred  to  a  casserole,  and 
nitric  acid  expelled  by  repeated  evaporation  to  syrup  with  addition  of  hydro- 
chloric acid.  The  product  of  the  second  evaporation  is  moistened  with  the  least 
quantity  of  hydrochloric  acid,  dissolved  with  water  and  solution  transferred  to 
a  lOOQ-cc.  beaker  or  Erlenmeyer  flask.  To  the  liquid  of  about  500-cc.  volume  is 
added  11  grams  of  ammonium  oxalate  crystals.  The  beaker  is  permitted  to 
remain  on  a  steam  bath  until  reaction  is  complete.  The  spongy  mass  of  gold 
is  now  washed  with  hot  water  by  decantation  until  free  of  salts. 

The  gold  is  dried,  melted  in  a  clay  crucible  which  has  previously  been  thinly 
glazed  with  borax  glass  and  poured  out  into  a  mold  of  charcoal,  graphite  and  clay 
or  iron  polished  with  graphite. 

The  ingot,  which  will  have  a  volume  of  half  a  cubic  centimeter,  is  cleaned  by 
paring  with  a  knife  and  rolled  or  hanunered  into  a  thin  sheet.  The  rolls  or 
hammer  should  be  clean,  bright  and  free  of  grease. 

The  gold,  cut  into  convenient  strips,  is  digested  for  several  hours  with  hydro- 
chloric acid  and  finally  washed  thoroughly  with  distilled  water. 

The  dried  gold  thus  prepared  may  be  considered  1000  fine. 


IODINE 

Wilfred  W.  Scott 

I,  at.wt.  1!S6.92;  sp.gr.  4.948^^'';  m.p.  113.5'';^  b.p.  184.4''  C;  acids,  HI, 

HIO,  HIO„  HIO4. 

DETECTION 

The  element  may  be  recognized  by  its  physical  properties.  It  is  a  grayish 
black,  crystalline  solid,  with  metallic  luster,  brownish-red  in  thin  layers.  It 
vaporizes  at  ordinary  temperatures  with  characteristic  odor.  Upon  ^ntly 
heating  the  element  the  vapor  is  evident,  appearing  a  deep  blue  when  unmixed 
with  other  gases,  and  violet  when  mixed  with  air.  It  colors  the  skin  brown. 
Chemically  it  behaves  very  similarly  to  chlorine  and  bromine. 

Free  iodine  colors  water  yellow  to  black',  carbon  disulphide  violet,  ether 
or  chloroform  a  reddish  color,  cold  starch  solution  blue. 

Tannin  interferes  with  the  usual  tests  for  iodine,  unless  ferric  chloride  is 
present.  \ 

Iodide.  The  dry  powder,  heated  with  concentrated  sulphuric  acid,  evolves 
violet  fumes  of  iodine.  Iodine  is  liberated  from  iodides  by  solutions  of  As*, 
SbS  Bis  Cu",  Fe'",  Cr«,  H,Fe(CN)6,  HNO2,  CI,  Br,  H,0,,  ozone. 

Insoluble  iodides  may  be  transposed  by  treatment  with  HjS,  the  filtered 
solution  being  tested  for  the  halogen. 

lodate.  The  acidulated  solution  is  reduced  by  cold  solution  of  S0»,  or 
K4Fe(CN)«,  (acidulated  with  dilute  H2SO4),  or  by  Cu^CU,  H,AsO,,  FeSO*,  etc. 
An  iodate  in  nitric  acid  may  be  detected  by  diluting  the  acid  with  w^ater,  adding 
starch  solution,  then  hydrogen  sulphide  water,  drop  by  drop,  a  blue  zone  forming 
in  presence  of  the  substance. 

ESTIMATION 

The  element  is  found  free  in  some  mineral  waters;  combined  as  iodides 
and  iodates  in  sea  water;  in  ashes  of  sea  plants;  small  quantities  in  a  number 
of  minerals,  especially  in  Chili  saltpeter  as  sodium  iodate,  hence  in  the  mother 
liquor  from  the  Chilian  niter  works  from  which  iodine  is  principally  produced. 
Sea-weed  ash  (drift  kelp,  Laminaria  digitata  and  L.  stenophylla)  is  an  important 
source  of  iodine. 

Free  iodine,  potassium  iodide,  iodofonn,  are  the  principal  commercial  products. 

Preparation  and  Solution  of  the  Sample 

In  dissolving  the  substance  it  will  be  recalled  that  free  iodine  is  soluble  in 
alcohol,  ether,  chloroform,  glycerole,  benzole,  carbon  disulphide,  solutions  of 
soluble  iodides.  One  himdred  cc.  of  water  at  11°  C.  is  saturated  with  0.0182 
gram  iodine,  at  55®  with  0.092  gram. 

^Circular  35  (2d  ed.)  U.  S.  Bureau  of  Standards. 
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Iodides  of  silver,  copper  (cuprous),  mercury  (mercurous),  and  lead  are 
insoluble,  also  Til,  Pdlt.  Iodides  of  other  metals  are  soluble;  those  of  bismuth, 
tin,  and  antimony,  require  a  little  acid  to  hold  them  in  solution. 

lodates  of  silver,  barium,  lead,  mercury,  bismuth,  tin,  iron,  chromium 
require  more  than  500  parts  of  water  at  15°  C.  to  hold  them  in  solution, 
lodates  of  copper,  aluminum,  cobalt,  nickel,  manganese,  zinc,  calcium,  strontium, 
magnesium,  sodium,  and  potassium  are  more  soluble.  One  hundred  cc.  of 
cold  water  dissolves  0.00385  gram  AglOs  and  0.000035  gram  Agl  at  ordinary 
temperatures. 

Free  Iodine  (Commercial  Crystals).  Iodine  is  best  brought  into  solution 
in  a  strong  solution  of  potassium  iodide  according  to  the  procedure  described 
for  standardization  of  sodiiun  thiosulphate  under  Volumetric  Methods.  The 
iodine  is  now  best  determined  volumetrically  by  titration  with  standard  thio- 
sulphate or  arsenic. 

Iodine  or  Iodides  in  Water.  The  sample  of  water  is  evaporated  to  about 
one-fourth  its  volume  and  then  made  strongly  alkaline  with  sodium  carbonate. 
The  precipitated  calciimx  and  magnesium  carbonates  are  filtered  off  and  washed. 
The  filtrate  containing  the  halogens  is  evaporated  until  the  salts  begin  to  crystallize 
out.  The  hot  concentrated  solution  is  poured  into  three  volumes  of  absolute 
alcohol  and  the  resulting  solution  again  filtered.  The  residue  is  washed  four 
or  five  times  with  95%  alcohol.  All  of  the  bromine  and  iodine  pass  into  the 
solution,  whereas  a  large  part  of  chlorine  as  sodium  chloride  remains  insoluble 
and  is  filtered  off.  About  half  a  cc.  of  50%  potassium  hydroxide  is  added  and 
a  greater  part  of  the  alcohol  distilled  off  with  a  current  of  air.  The  residue 
is  concentrated  to  crystallization  and  again  poured  into  three  times  its  volume 
of  absolute  alcohol  and  filtered  as  above  directed.  This  time  only  one  or  two 
drops  of  potassium  solution  is  added  and  the  procediu-e  repeated  several 
times.  The  final  filtrate  is  freed  from  alcohol  by  evaporation,  the  solution 
taken  to  dryness  and  gently  ignited,  then  taken  up  with  a  little  water  and  filtered. 
Iodine  is  determined  m  the  filtrate,  preferably  by  the  volumetric  procedure  III, 
decomposition  with  nitrous  acid,  described  under  Volumetric  Methods,  p.  206. 

Organic  Substances.  If  only  an  iodide  is  present,  the  Carius  method  is 
followed;  in  presence  of  other  halogens,  the  "lime  method"  is  preferred.  Details 
of  these  methods  are  given  in  the  chapter  on  Chlorine  under  Preparation  and 
Solution  of  the  Sample,  p.  121. 

Silver  iodide  cannot  be  separated  from  the  glass  of  the  combustion-tube 
by  solution  with  anmionium  hydroxide  as  is  the  chloride  or  bromide  of  silver. 
Tlie  compound,  together  with  the  glass,  is  collected  upon  a  filter  paper,  and 
washed  with  dilute  nitric  acid,  followed  by  alcohol;  then  dried  at  100°  C. 
After  removing  most  of  the  iodide  and  the  glass,  the  filter  is  ignited  in  a  weighed 
porcelain  crucible,  the  main  bulk  of  the  material  then  added,  the  substance 
fused  and  weighed  as  Agl + glass.  The  mass  is  then  covered  with  dilute  sul- 
phuric acid  and  a  piece  of  pure  zinc  added.  After  several  hours  (preferably  over 
ni^t)  the  excess  zinc  is  carefully  removed  and  the  iodine  solution  decanted 
from  the  glass  and  metallic  silver,  and  the  residue  washed  by  decantation.  The 
silver  is  now  dissolved  in  hot  dilute  nitric  acid,  then  filtered  from  the  residue  of 
idass  through  a  small  filter.  The  glass  and  filter  are  ignited  and  weighed.  The 
difference  between  the  two  weighings  is  due  to  silver  iodide. 

Minerals.  Phosphates.  The  substance  is  decomposed  by  digestion  with 
1  :  1  sulphuric  acid  in  a  flask  through  which  a  current  of  air  passes  to  sweep  out 
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the  iodine  vapor  into  a  solution  of  potassiuip  hydroxide,  the  sample  being 
boiled  until  all  the  iodine  vapors  have  been  driven  into  the  caustic.  lodates 
are  converted  to  iodides  by  reduction  with  sulphurous  acid. 

With  the  iodine  content  below  0.02%,  a  50  to  100-gram  sample  should  be 
taken. 

SEPARATIONS 

Separation  of  Iodine  from  the  Heavy  Metals.  The  heavy  metals  are  pre- 
cipitated as  carbonates  by  boiling  with  solutions  of  alkali  carbonates,  the  soluble 
alkali  iodide  being  formed. 

Iodine  is  liberated  from  combination  by  nitrous  acid. 

Silver  iodide  may  be  decomposed  by  warming  with  metallic  zinc  and  sul- 
phuric acid. 

Separation  of  Iodine  from  Bromine  or  from  Chlorine.^  Details  of  sepa- 
ration and  estimation  of  the  halides  in  presence  of  one  another  are  given  in 
the  chapter  on  Chlorine.  Advantage  is  taken  of  the  action  of  nitrous  acid  on 
dilute  solutions,  free  iodine  being  liberated,  while  bromides  and  chlorides  are 
not  acted  upon. 

The  solution  containing  the  halogens  is  placed  in  a  IJ-liter  flask  (with  round 
bottom)  and  diluted  to  about  700  cc.  Through  a  two-holed  stopper  a  glass 
tube  passes  to  the  bottom  of  the  flask;  through  this  tube  steam  is  conducted  to 
assist  the  volatilization  of  iodine.  A  second  short  tube  connected  to  the  absorp- 
tion apparatus  conducts  the  evolved  vapor  from  the  flask  into  a  5%  caustic 
*  soda  solution  containing  an  equal  volume  of  hydrogen  peroxide  (about  50  cc. 
of  each).  The  absorption  system  may  be  made  by  connecting  two  Erlenmeyer 
flasks  .in  series,  the  inlet  tubes  dipping  below  the  solutions  in  the  flasks.  It 
is  advisable  to  cool  the  receivers  with  ice. 

Five  to  10  cc.  of  dilute  sulphuric  acid  (1  :  5)  and  10  cc.  of  10%  sodium 
nitrite  solution  are  added  to  the  liquid  containing  the  halogens,  the  apparatus  is 
immediately  connected,  and  the  contents  of  the  large  flask  heated  to  boiling, 
conducting  steam  into  it  at  the  same  time.  The  iodine  vapor  is  gradually 
driven  over  into  the  cooled  receiving  flasks. 

When  the  solution  in  the  large  flask  has  become  colorless  it  is  boiled  for 
twenty  minutes  longer.  The  steam  is  now  shut  off,  the  flask  disconnected 
from  the  receiving  flasks  and  the  heat  turned  off.  The  contents  of  the  receiving 
flasks  are  combined  with  the  washing  from  the  connecting  tubes  and  the  solu- 
tion heated  to  boiling  to  remove  the  excess  of  hydrogen  peroxide.  The  cooled 
liquid  is  acidified  with  a  little  sulphuric  acid  and  the  solution  decolorized  with 
a  few  drops  of  sulphurous  acid.  Iodine  is  now  precipitated  as  silver  iodide 
by  adding  an  excess  of  silver  nitrate  and  a  kittle  nitric  acid  and  boiling  the 
mixture  to  coagulate  the  precipitate.  The  precipitate  is  filtered  through  a 
Gooch  crucible  and  weighed  as  usual. 

Chlorine  and  bromine  remain  in  the  large  flask  in  combined  form  and  may 
be  determined  in  this  solution  if  desired. 

Notes.  Reaction:  2NaOH  +  21  =  NaI  +  NaOI  +  H,0  and  NaOI  +  Ufit  - 
H,0+Ot+NaI. 

Consult  Separations  in  the  chapter  on  Chlorine,  p.  123. 

*  Method  of  Jannasch,  Zeit.  fttr  anorg.  Chem.,  1,  p.  144.  Ibid,  Prakt.  Leit.  der 
Gewichts-analyse,  p.  182,  et  seq. 
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Separation  of  Iodine  from  Chlorine  and  Bromine  by  Precipitation  as 
PaUadous  Iodide.  The  solution  containing  the  halogens  is  acidified  with  hydro- 
chloric acid,  and  palladous  chloride  solution  added  to  the  complete  precipitation 
of  the  iodide.  The  compound  is  allowed  to  settle  in  a  warm  place  for  twenty- 
four  hours  or  more  and  then  filtered  and  washed  free  of  the  other  halogens. 
It  may  now  be  dried  and  weighed  as  palladous  iodide,  Pdls,  or  ignited  in  a 
current  of  hydrogen,  then  weighed  as  metallic  palladium  and  the  equivalent 
iodine  calculated.    See  Gravimetric  methods. 


GRAVIMETRIC  METHODS 
Precipitation  as  Silver  Iodide 

The  procedure  is  practically  the  same  as  that  described  for  determining 
chlorine. 

Silver  nitrate  solution  is  added  to  the  iodide  solution,  slightly  acidified  with 
nitric  acid.  The  precipitate  is  filtered  into  a  weighed  Gooch  crucible,  then 
washed,  dried,  gently  ignited,  and  weighed  as  silver  iodide. 

AgIX0.5406  =  I  or  X0.7071  =KI. 

Note.  If  filter  paper  is  used  in  place  of  a  Gooch  crucible,  the  precipitate  is 
removed  and  the  filter  ignited  separately.  A  few  drops  of  nitric  and  hydrochloric 
acid  are  added,  the  acids  expelled  by  heat  and  the  residue  weighed  as  AgCl.  This, 
multiplied  by  1.638  =  AgI.  The  result  is  added  to  the  weight  of  the  sihrer  iodide, 
which  is  ignited  and  weighed  separately. 

Determination  of  Iodine  as  Palladous  Iodide 

This  method  is  applicable  for  the  direct  determination  of  iodine  in  iodides 
in  presence  of  other  halogens. 

The  method  of  isolation  of  iodine  as  the  palladous  salt  has  been  given  under 
Separations.    The  salt  dried  at  100°  C.  is  weighed  as  Pdli. 

PdI,X0.704=I. 

Pdls  ignited  in  a  current  of  hydrogen  is  changed  to  metallic  palladium. 

PdX2.379=I. 

VOLUMETRIC   METHODS 
Determination  of  Hydriodic  Acid— Soluble  Iodides 

Free  hydriodic  acid  cannot  be  determined  by  the  usual  alkalimetric  methods 
for  acids.  The  procedures  for  its  estimation,  free  or  combined  as  a  soluble 
salt,  depends  upon  the  liberation  of  iodine  and  its  titration  with  standard  sodium 
thioBulphate,  in  neutral  or  slightly  acid  solution;  or  by  means  of  standard  arsen- 
iouB  acid,  in  presence  of  an  excess  of  sodium  bicarbonate  in  a  neutral  solution. 
The  following  equations  represent  the  reactions  that  take  place: 
I.  Thiosulphate.    2N^O,+I,=2NaI+Na,S40.. 

n.  Arsenite.    Na,ABOi+I,+H,0=Na,A804+2HI. 
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The  free  acid  formed  in  the  second  reaction  is  neutralized  and  the  reversible 
reaction  thus  prevented: 

HI+NaHCO,  =NaI+H,0+CO,. 

The  presence  of  a  free  alkali  is  not  permissible,  as  the  hydroxyl  ion  would 
react  with  iodine  to  form  iodide,  hypoiodite  and  finally  iodate,  hence  sodium 
or  potassium  carbonates  cannot  be  used.  Alkali  bicarbonates,  however,  do  not 
react  with  iodine. 

Standard  Solutions.  Tenth  Normal  Sodium  Thiosulphate.  From  the 
reaction  above  it  is  evident  that  1  gram  molecule  of  thiosulphate  is  equivalent 
to  1  atom  iodine  =  1  atom  hydrogen,  hence  a  tenth  normal  solution  is  equal  to  one- 
tenth  the  molecular  weight  of  the  salt  per  liter,  e.g.,  24.822  grams  NajSjOs -51120; 
generally  a  slight  excess  is  taken — 25  grams  of  the  crj-stallized  salt.  It  is 
advisable  to  make  up  5  to  10  liters  of  the  solution,  taking  125  to  250  grams 
sodium  thiosulphate  crystals  and  making  up  to  volume  with  distilled  water, 
boiled  free  of  carbon  dioxide.  The  solution  is  allowed  to  stand  a  week  to 
ten  days,  and  then  standardized  against  pure,  resublimed  iodine. 

About  0.5  gram  of  the  purified  iodine  is  placed  in  a  weighing  bottle  con- 
taining a  known  amount  of  saturated  potassium  iodide  solution  (2  to  3  grams 
of  KI  free  from  KIO»  dissolved  in  about  J  cc.  of  HaO),  the  increased  weight 
of  the  bottle,  due  to  the  iodine,  being  noted.  The  bottle  and  iodine  are  placed 
in  a  beaker  containing  about  200  cc.  of  1%  potassium  iodide  solution  (1  gram 
KI  per  200  cc),  the  stopper  removed  with  a  glass  fork  and  the  iodine  titrated 
with  the  thiosulphate  to  be  standardized. 

Calculation.  The  weight  of  the  iodine  taken,  divided  by  the  cc.  thio- 
sulphate required,  gives  the  value  of  1  cc.  of  the  reagent;  this  result  divided 
by  0.012692  gives  the  normality  factor. 

Note.  The  thiosulphate  solution  may  be  standardized  against  iodine,  which 
has  been  hberated  from  potassium  iodide  in  presence  of  hydrochloric  acid  by  a  known 
amount  of  standard  potassium  bi-iodate,  a  salt  which  may  be  obtained  exceedingly 
pure. 

KIO,HIO,+10KI  +  llHCl  =  llKCl+6H8O+6l2. 

A  tenth  normal  solution  contains  3.2496  grams  of  the  pure  salt  per  hter.  (One 
cc.  of  this  will  liberate  0.012692  gram  of  iodine  from  potassium  iodide.)  The  purity 
of  the  salt  should  be  established  by  standardizing  against  thiosulphate,  which  has  been 
freshly  tested  against  pure  resublimed  iodine.     ' 

About  5  grams  of  potassium  iodide  (free  from  iodate)  are  dissolved  in  the  least 
amount  of  water  that  is  necessary  to  effect  solution,  and  10  cc.  of  dilute  hydrochJoric 
acid  (1  :  2)  are  added,  and  then  50  cc.  of  the  standard  bi-iodate  solution.  The  solu- 
tion is  diluted  to  about  250  cc.  and  the  liberated  iodine  titrated  with  the  thiosulphate 
reagent;  50  cc.  will  be  required  if  the  reagents  are  exactly  tenth  normal. 

Tenth  Normal  Ar senile.  From  the  second  reaction  above  it  is  evident  that 
AssOs  is  equivalent  to  2I2,  e.g.,  to  4H,  hence  }  the  gram  molecular  weight  of 
arsenious  oxide  per  liter  will  give  a  normal  solution:  198-5-4  =49.5. 

4.95  grams  of  pure  arsenious  oxide  is  dissolved  in  a  little  20%  sodium 
hydroxide  solution,  the  excess  of  the  alkali  is  neutrahzedwith  dilute  sulphuric 
acid,  using  phenolphthalein  indicator,  the  solution  being  just  decolorized.  Five 
hundred  cc.  of  distilled  water  containing  about  25  grams  of  sodium  bicarbonate 
are  added.  If  a  pink  color  develops,  this  is  destroyed  with  a  few  drops  of 
weak  sulphuric  acid.     The  solution  is  now  made  to  volume,   1000  cc.    The 
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reagent  is  standardized  against  a  measured  amount  of  pure  iodine.    The  oxide 
may  be  dissolved  directly  in  sodium  bicarbonate  solution. 

Note.  Commercial  arsenious  oxide  is  purified  by  dissolving  in  hot  hydrochloric 
acid,  filtering  the  hot  saturated  solution,  cooling,  decanting  off  the  mother  liquor, 
washing  the  deposited  oxide  with  water,  drying  and  finally  suoliming. 

Starch  Solution,  Five  grams  of  soluble  starch  are  dissolved  in  cold  water, 
the  solution  poured  into  2  liters  of  hot  water  and  boiled  for  a  few  minutes. 
The  reagent  is  kept  in  a  glass-stoppered  bottle. 

Iodides  are  decomposed  and  iodine  determined  by  one  of  the  following 
procedures: 

I.    Decomposition  of  the  Iodide  by  Ferric  Salts 

The  method  takes  advantage  of  the  following  reaction: 

Fe,(S04)s+2KI  =  K,S04+Ii+2FeS04. 

The  procedure  enables  a  separation  from  bromides,  as  these  are  not  acted 
upon  by  ferric  salts. 

Procedure.  To  the  iodide  in  a  distillation  flask  is  added  an  excess  of  ferric 
ammonium  alimi,  the  solution  acidified  with  sulphuric  acid,  then  heated  to 
boilmg,  and  the  iodine  distilled  into  a  solution  of  potassiiun  iodide.  The  free 
iodine  in  the  distillate  is  titrated  with  standard  thiosulphate,  or  by  arsenious 
acid  in  presence  of  an  excess  of  sodium  bicarbonate. 

The  reagent  is  added  from  a  burette  until  the  titrated  solution  becomes  a 
pale  yellow  color.  About  5  cc.  of  starch  solution  are  now  added  and  the  titra- 
tion continued  until  the  blue  color  of  the  starch  fades  and  the  solution  becomes 
colorless. 

One  cc.  of  tenth  normal  reagent  =0.012692  gram  iodine,  equivalent  to 
0.012793  gram  HI,  or  0.016602  gram  KI. 

II.    Decomposition  with  Potassium  lodate^ 

The  reaction  with  potassium  iodate  is  as  follows: 

5KI-|-KIO,+6HCl  =KGl+3H,0+3I,. 

It  is  evident  that  i  of  the  titration  for  iodine  would  be  equal  to  the  iodine 
of  the  iodide,  hence  1  cc.  of  tenth  normal  thiosulphate  is  equivalent  to  0.012692 
Xt  »0.01058  gram  iodine  due  to  the  iodide.    The  procedure  is  as  follows: 

Procedure.  A  known  amount  of  tenth  normal  potassium  iodate  is  added 
to  the  iodide  solution,  in  sufficient  amount  to  liberate  all  of  the  iodine,  com- 
bined as  iodide,  and  several  cc.  in  excess.  Hydrochloric  acid  and  a  piece  of  calcite 
are  added.  The  mixtiu^  is  boiled  until  all  of  the  liberated  iodine  has  been 
expelled.  To  the  cooled  solution  2  or  3  grams  of  potassiiun  iodide  are  added 
and  the  liberated  iodine,  corresponding  to  the  excess  of  iodate  in  the  solution, 
is  titrated  with  standard  thiosulphate.  If  1  cc.  of  thiosulphate  is  equal  to  1 
cc.  of  the  iodate,  then  the  total  cc.  of  the  iodate  used,  minus  the  cc.  thio- 

iH.  Diets  and  B.  M.  MarsDOSches,  Chem.  Ztg.,  2,  1191,  1904.  Treadwell 
and  Han,  "  AnalyUeal  Chemistry/' Vol.  2. 
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sulphate  required  in  the  titration  gives  a  difference  due  to  the  volume  of  iodate 
required  to  react  with  the  iodide  of  the  sample. 

One  cc.  of  NVIO  KIO,  =0.01058  gram  I  in  KI. 
Note.    Tenth  normal  potassium  iodate  contains  3.5675  grams  Kid  per  1000  cc. 

III.    Decomposition  of  the  Iodide  with  Nitrous  Acid  (Presenius) 

Nitrous  acid  reacts  with  an  iodide  as  follows: 

2HNO,+2HI  =2NO+2H20+I,. 

Since  neither  hydrochloric  nor  hydrobromic  acids  are  attacked  by  nitrous 
acid,  the  method  is  applicable  to  determining  iodine  in  presence  of  chlorine 

Sand  bromine;  hence  is  useful  for  determining  small  amounts  of  iodine 
in  mineral  waters  containing  comparatively  large  amounts  of  the  other 
halogens. 

Nitrous  Acid.    The  reagent  is  prepared  by  passing  the  gas  into 
strong  sulphuric  acid  until  saturated. 

Procedure.    The  neutral  or  slightly  alkaline  solution  of  the  iodide 
is  placed  in  a  glass-stoppered  tube  or  small  flask  and  slightly  acidi- 
fied with  dilute  sulphuric  acid,  a  little  freshly  distilled  colorless  carbon 
disulphide  (or  chloroform)  added,  then  10  drops  of  nitrous  acid  reagent. 
The  mixture  is  well  shaken  and  the  disulphide  allowed  to  settle.    The 
supernatant  solution  is  poured  into  another  similar  container  and 
extracted  with  a  fre^  portion  of  disulphide.     The  solution  is  poured 
onto  a  moistened  filter  and  the  disulphide,  if  discolored,  is  added  to 
the  first  extract.    The  combined  extracts  are  washed  with  three  or 
four  portions  of  water,  then  transferred  to  the  filter  and  again  washed 
until  free  from  acid.    A  hole  is  made  in  the  filter  and  the  disulphide 
Fig.  39.     allowed  to  run  into  a  small  beaker  and  the  filter  washed  down  with 
about  5  cc.  of  water.    Three  cc.  of  5%  sodium  bicarbonate  are  added 
and  the  iodine  titrated  with  N/20  or  N/50  standard  thiosulphate,  the  reagent 
being  added  until  the  reddish-violet  carbon  disulphide  becomes  colorless. 

The  sodium  thiosulphate  used  is  standardized  against  a  known  amount  of 
pure  potassium  iodide  treated  in  the  manner  described  above. 

One  cc.  N/20  Na^SjO,  =  .00635  gram  I,  1  cc.  N/50  NajSjO,  =  .002538  gram  I. 

Note.  If  the  extracted  aqueous  solution  aprjears  yellow,  it  must  be  again  treated 
with  additional  carbon  disulphide  until  all  the  iodine  has  been  removed  (e.g.,  until 
additional  CSa  is  no  longer  colored  when  shaken  with  the  solution). 

Treadwell  and  Hall  recommend  a  specially  designed  glass-stoppered  tube 
with  stop-cock  for  this  detennination,  Fig.  39.  The  stop-cock  is  so  arranged 
that  the  supernatant  hquid  may  be  readily  drawn  off  from  the  disulphide. ^ 

1  Treadwell  and  Hall,  "Analytical  Chemistr>',"  Vol.  2,  p.  657,  3d  Ed. 
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IV.  Liberation  of  Iodine  by  Means  of  Hydrogen  Peroxide  and 

Phosphoric  Acid  ^ 

Principle.  Iodine  is  liberated  from  an  iodide  by  addition  of  hydrogen  per- 
oxide to  the  solution  acidified  with  phosphoric  acid,  the  iodine  distilled  into 
potassium  iodide  and  titrated  with  thiosulphate. 

Procedure.  Fifty  cc.  of  the  iodide  solution  are  mixed  with  5  cc.  of  pure 
phosphoric  acid  and  10  to  20  cc.  hydrogen  peroxide  added,  the  mixture  being 
placed  in  a  round-bottomed  flask,  connected  with  a  short  condenser,  deUvering 
into  two  absorption  vessels  containing  a  10%  solution  of  potassium  iodide. 
A  current  of  air  is  drawn  through  the  apparatus,  and  the  contents  of  the  flask 
gradually  heated  to  boiling.  The  iodine  is  absorbed  in  the  potassium  iodide 
solution  and  titrated  as  usual  with  standard  sodium  thiosulphate.  Twenty 
minutes*  heating  is  generally  sufRcient. 

One  cc.  Na,S,0,  =0.012692  gram  I,  or  0.016602  gram  KI. 

XoTE.  Iodine  in  urine  may  be  determined  by  evaporating  to  1/10  its  volume. 
After  adding  an  excess  of  sodium  hydroxide,  the  mixture  is  taken  to  dryness  and 
gently  ignit^.    The  ash  may  be  used  for  the  iodine  determination. 

V.  Oxidation    of    Combined    Iodine    with    Chlorine.     (Mohr's 

Modification  of  Dupr^'s  Method)^ 

When  a  solution  of  potassium  iodide  is  treated  with  successive  amounts 
of  chlorine  water,  iodine  is  liberated,  which  reacts  with  an  excess  of  chlorine 
with  formation  of  chloride  of  iodine  (ICl)  and  with  greater  excess  the  penta- 
chloride  (ICU)  which  is  changed  in  presence  of  water  to  iodic  acid  (HIOs). 

Procedure.  The  weighed  iodide  compound  is  brought  into  a  stoppered 
flask,  and  chlorine  water  delivered  from  a  large  .burette  until  all  yellow  color  has 
disappeared.  A  drop  of  the  mixture  brought  in  contact  with  a  drop  of  starch 
solution  should  produce  no  blue  color.  Sodium  bicarbonate  is  now  added  until 
the  mixtiu^  is  slightly  alkaUne,  followed  by  an  excess  of  potassium  iodide  and 
4  to  5  cc.  of  starch  reagent.  Standard  thiosulphate  is  now  added  until  the 
blue  color  is  removed.  The  excess  of  chlorine  water  is  thus  ascertained.  From 
the  value  of  the  chlorine  reagent  the  iodme  of  the  sample  may  readily  be 
cal?ulated. 

The  chlorine  water  is  standardized  by  running  25  to  50  cc.  of  the  reagent 
into  potassium  iodide  solution  (see  procedure  for  bromides,  p.  81),  and 
titrating  the  liberated  iodine  with  standard  sodium  thiosulphate.  The  value 
of  the  reagent  in  terms  of  thiosulphate  are  thus  ascertained  and  from  this  the 
value  per  cc.  in  terms  of  iodine. 

OTHER  METHODS 
VoIhard*s  Method  for  Determining  Iodides 

This  procedure  is  very  similar  to  those  for  determining  chlorine  or  bromine, 
i^ith  the  exception  that  silver  iodide  formed  will  occlude  both  the  iodide  solu- 

>E.  Winterstein  and  E.  Herzfeld,  Zeit.  Physiol.  Chem.,  68,  49-51,  1909.  Chem. 
7>entralbl.,  (1),  473-474,  1910. 

» Sutton,  "Volumetric  Analysis,''  10th  Ed. 
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tion  and  silver  nitrate  unless  the  additions  of  the  silver  salt  are  made  in  small 
portions  with  vigorous  shaking. 

Standard  silver  nitrate  is  added  to  the  solution  in  a  glass-stoppered  flask, 
shaking  vigorously  with  each  addition.  As  long  as  the  solution  appears  milky 
the  precipitation  is  incomplete.  When  the  silver  iodide  is  coagulated  and  the 
supernatant  liquid  appears  colorless,  ferric  alum  solution  is  added,  and  the 
excess  of  silver  nitrate  titrated  with  potassium  sulphocyanate  until  the  char- 
acteristic reddish  end-point  is  obtained. 

The  iodine  is  calculated  from  the  amount  of  silver  nitrate  required.  E.g., 
total  AgNOs  added,  minus  excess  determined  by  KCNS=cc.  AgNO»  required 
by  the  iodine. 

Note.  The  ferric  salt  oxidizes  hydriodic  acid  with  separation  of  iodine,  whereas 
the  silver  iodide  is  not  acted  upon,  hence  the  indicator  b  added  after  all  the  iodide 
has  combined  with  silver. 

VI.    Determination  of  lodates 

The  procedure  is  the  reciprocal  of  the  one  for  determination  of  iodide  by 
nieans  of  an  iodate: 

Reaction.    KIO3+5KI+6HCI  ^GKCl+SHjO+SI,. 

Procedure.  The  solution  containing  the  iodate  is  allowed  to  run  into  an 
excess  of  potassium  iodide  solution  containing  hydrochloric  acid.  The  liber- 
ated iodine  is  titrated  with  sodium  thiosulphate  as  usual. 

One  cc.  N/10  Na^SiO,  =0.002932  gram  HIO,,  or  0.003567  gram  KIO,. 

VII.    Determination  of  Periodates 

The  procedure  is  the  same  as  that  described  for  iodates,  the  reaction  in  this 
case,  however,  being  as  follows: 

KIO4+7KI+8HCI  =8KCl+4H,0+4l2. 

From  the  equation  it  is  evident  that  1  gram  molecule  of  the  iodate  is  equiv- 
alent to  8  atoms  of  iodine  =8  atoms  of  hydrogen,  hence  J  the  molecular  weight 
per  liter  of  solution  would  equal  a  normal  solution.  Therefore,  1  cc.  of  a  tenth 
normal  solution  would  contain  0.019193 -^8  =0.002399  gram  HIO4. 

One  cc.  N/10  NajSjOa  =0.002399  gram  HIO4,  or  =0.002849  gram  HI04-2HtO, 
or  =0.002875  gram  KIO4. 

VIII.    Determination  of   lodates  and   Periodates  in   a   Mixture 

of  the  Two 

The  procedure  depends  upon  the  fact  that  an  iodate  does  not  react  with 
potassium  iodide  in  neutral  or  slightly  alkaline  solutions,  whereas  a  periodate 
undergoes  the  following  reactions: 

KI04+2KI-f  H,0  =2K0H+KI0,+I,. 

Procedure.  The  sample,  dissolved  in  water,  is  divided  into  two  equal 
portions. 

A.  To  one  portion  a  drop  of  phenolphthalein  indicator  is  added  and  the 
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solution  made  just  faintly  alkaline  by  addition  of  alkali  to  acid  solutions  or 
hydrochloric  acid  to  alkaline  solution,  as  the  case  may  require.  Ten  cc.  of 
cold  saturated  solution  of  sodium  bicarbonate  are  added  and  an  excess  of  potas- 
sium iodide.  The  liberated  iodine  is  titrated  with  tenth  normal  arsenious  acid.* 
(Xa^sOs  will  not  do  in  this  case,  as  the  solution  is  alkaline.) 

One  cc.  N/10  As^O,  =0.0115  gram  KIO4. 

B.  To  the  other  portion  potassium  iodide  is  added  in  excess  and  the  solu- 
tion made  distinctly  acid.  The  liberated  iodine  is  titrated  with  standard  sodium 
thiosulphate.*    (AsjOs  will  not  do.) 

Calculation.  In  the  acid  solution,  B,  both  iodates  and  periodates  are 
titrated,  whereas  in  the  alkaline  solution,  A,  only  the  periodates  are  affected. 
From  the  reactions  in  VII  and  VIII  it  is  evident  that  1  cc.  NasSsOi  =4  cc.  A82O1 
for  the  periodate  titration,  hence 

Cc.  Na«StOi— cc.  Asa08X4=cc.  thiosulphate  due  to  KIO». 

The  difference,  multiplied  by  0.003567  =  grams  KIOi  in  the  sample. 

Vln  alkaline  solutions  the  arsenious  acid  titration  must  be  made,  whereas  in  acid 
soluiioDH  potassium  thiosulphate  is  used. 

*E.  Mailer  and  O.  Freedburger,  Ber.,   2655,  1902. 
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Wilfred  W.  Scott 

Fe,  at.wt,  55.84;  8p.gr.  7.85-7.88;  m.p.  pure  1530%^  wrought  1600%*  white 
pig  1075''^^  gray  pig  1275%'  8teel  1375'';  >  6.p.  2450'' ^  C;  oxides  FeO, 
FciO,,  FesO«. 

DETECTION 

Ferric  Iron.  The  yellow  to  red  color  in  rocks,  minerals,  and  soils  is  gen- 
erally due  to  the  presence  of  iron. 

Hydrochloric  acid  solutions  of  iron  as  ferric  chloride  are  colored  yellow. 

Potassium  or  ammonium  sulphocyanate  produces  a  red  color  with  solutions 
containing  ferric  iron.  Nitric  acid  and  chloric  acid  also  produce  a  red  color  with 
potassium  or  anmionium  sulphoci^anate.  This  color,  however,  is  destroyed  by 
heat,  which  is  not  the  case  with  the  iron  compound.  The  red  color  of  ferric 
iron  with  the  cyanate  is  destroyed  by  mercuric  chloride  and  by  phosphates, 
borates,  certain  organic  acids,  and  their  salts,  e.g.,  acetic,  oxalic,  tartaric,  citric, 
racemic,  malic,  succinic,  etc. 

Potassium  ferrocyanide,  K4Fe(CN)c,  produces  a  deep  blue  color  with  ferric 
salts. 

Salicylic  acid  added  to  the  solution  of  a  ferric  salt  containing  no  free  mineral 
acid  gives  a  violet  color.    Useful  for  detecting  iron  in  alum  and  similar  products. 

Ferrous  Iron.  Potassium  Ferricyanide,  KJ'e(CN)«,  gives  a  blue  color 
with  solutions  of  ferrous  salts. 

Distinction  between  Ferrous  and  Ferric  Salts. 

KCNS  gives  red  color  with  Fe'"  and  no  color  with  Fe". 

K4Fe(CN)«  gives  a  blue  color  with  Fe"  and  a  brown  or  green  with  Fe"'. 

NH4OH,  NaOH  or  KOH  precipitates  red,  Fe(OH),  with  Fe"'  and  wbite, 
Fe(OH)»  with  Fe"  turning  green  in  presence  of  air  due  to  oxidation.' 

Sodium  peroxide  produces  a  reddish-brown  precipitate  of  Fe(OH),  with 
either  ferrous  or  ferric  salt  solutions,  the  former  being  oxidized  to  the  higher 
valence  by  the  peroxide.  Chromium  and  aluminum  remain  in  solution,  if  present 
in  the  sample. 

ESTIMATION 

Iron  is  so  widely  diffused  in  nature  that  its  determination  is  necessary  in 
practically  all  complete  analyses  of  ores,  rocks,  minerals,  etc.  It  is  especially 
important  in  the  evaluation  of  iron  ores  for  the  manufacture  of  iron  and  steel. 
Among  the  ores  of  iron  the  following  are  more  common: 

Oxides.  Red  hematite,  FcaO,;  brown  hematite,  2Fe208-3HjO;  black  mag- 
netite or  magnetic  iron  ore,  Fe804.    Ferric  oxide  with  varying  amounts  of  water 

» Circular  35  (2d  Ed.)  U.  S.  Bureau  of  Standards. 

*  D.  Van  Nostrand's  Chemical  Annual.— Olsen. 

•  The  green  salt  is  a  hydrate  of  Fe304.  The  white  precipitate  can  be  obtained  in 
absence  of  air  or  by  using  HjSOj  to  take  up  oxygen  in  solution. 
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forms  the  substances  known  as  hematite,  gothite,  hmonite,  yellow  ochre,  bog 
iron  ore. 

Sulphide.     Iron  pyrites  or  ^'fool's  gold/'  FeS^;  pyrrhotite,  FeS. 
Carbonates.    Spatic  iron  ore,  FeCOs;  combined  with  clay  in  clay  ironstone 
with  bituminous  material  as  ** black  band." 

Iron  is  determined  in  the  cinders  and  in  iron  ore  briquettes  from  burned  iron 
pyrites,  by-products  of  sulphuric  acid. 

It  is  found  as  an  impurity  in  a  large  number  of  commercial  salts  and  in  the 
mineral  acids. 

Preparation  and  Solution  of  the  Sample 

The  material  should  be  carefully  sampled  and  quartered  down  according 
to  the  general  procedure  for  sampling.  Ores  should  be  ground  to  pass  an  80- 
mesh  sieve.  In  analysis  of  metals,  both  the  coarse  and  fine  drillings  are  taken. 
The  following  facts  regarding  solubility  should  be  remembered :  The  element 
is  soluble  in  hydrochloric  acid  and  in  dilute  sulphuric  acid,  forming  ferrous 
salts  with  liberation  of  hydrogen.  It  is  insoluble  in  concentrated,  cold  sulphuric 
wid,  but  is  attacked  by  the  hot  acid,  fonning  ferric  sulphate  with  liberation  of 
SOt.  Moderately  dilute,  hot  nitric  acid  forms  ferric  nitrate  and  nitrous  oxide; 
the  cold  acid  gives  ferrous  nitrate  and  ammonium  nitrate  or  nitrous  oxide  or 
hydrogen.  Cold,  concentrated  nitric  acid  forms  *' passive  iron,''  which  remains 
insoluble  in  the  acid.  The  oxides  of  iron  are  readily  soluble  in  hydrochloric  acid, 
tf  not  too  strongly  ignited,  but  upon  strong  ignition  the  higher  oxides  dissolve 
^th  extreme  difficulty.  They  are  readily  soluble,  however,  by  fusion  with 
acid  potassium  sulphate  followed  by  an  acid  extraction.  Silicates  are  best 
dissolved  by  hot  hydrochloric  acid  containing  a  few  drops  of  hydrofluoric  acid 
or  by  fusion  with  sodium  and  potassium  carbonates,  followed  by  hot  hydro- 
chloric acid. 

Soluble  Iron  Salts.    Water  solutions  are  acidified  with  HCl  or  HtS04,  so 
as  to  contain  about  3%  of  free  acid. 

Ores.    The  samples  should  be  pulverized  to  pass  an  80-  to  100-mesh  sieve. 
Sulphides,   Ores  Containing   Organic  Matter.    One-  to  5-gram  samples 
should  be  roasted  in  a  porcelain  crucible  over  a  Bunsen  flame  for  about  half 
an  hour,  until  oxidized.    The  oxide  is  now  dissolved  as  directed  in  the  following 
procedure. 

Oxides,  Including  Red  and  Brown  Hematites,  Magnetic  Iron  Ore,  Spatose 
Iron  Ore,  Roasted  Pyrites,  and  Iron  Ore  Briquettes.  One  to  5  grams 
of  the  ore,  placed  in  a  400-cc.  beaker,  is  dissolved  by  adding  twenty  times 
ita  weight  of  strong  hydrochloric  acid  with  a  few  drops  of  5%  stannous  chloride 
solution.  Addition  of  4  or  5  drops  of  HF  is  advantageous  if  small  amounts 
of  silica  are  present.  The  solution  is  covered  with  a  watch-glass  and  heated  to 
80  or  90**  C.  until  solution  is  complete.  Addition  of  more  stannous  chloride 
may  be  nece8sar>%  as  this  greatly  assists  solution.  An  excess  sufficient  to  com- 
pletely decolorize  the  solution  necessitates  reoxidation  with  hydrogen  peroxide, 
hence  should  be  avoided.  If  a  colored  residue  remains,  it  should  be  filterecl 
off,  igoitetl  and  fused  with  a  mixture  of  NatCOj  and  KiCOj  in  a  platinum  cru- 
cible.   The  Ahion  dissolved  in  dilute  HCl  is  added  to  the  main  filtrate. 

Note.  The  ore  placed  in  a  porcelain  boat  in  a  red-hot  cx)mbu8tion  tube  may  bo 
reduced  with  hydrogen  (taking  precaution  first  to  sweep  out  oxygen  with  COi)  and 
niter  cooling  in  an  atmosphere  ot  hydrogen  the  reduced  iron  may  be  dissolved  in  acid 
and  titrated. 
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Iron  Silicates.  One  to  5  grams  of  the  material  ^  placed  in  a  deep^  platv 
num  crucible,  is  treated  with  ten  times  its  weight  of  60%  HF  and  3  to  4  dropi 
of  cone.  HjSOi.  The  mixture  is  evaporated  to  near  dryness  on  the  steam  bati 
and  taken  up  with  dilute  sulphuric  acid  or  hydrochloric  acid.  The  latter  acic 
is  the  best  solvent  for  iron. 

Fusion  with  Potassium  Bisulphate.    The  sample  is  mixed  with  ten  ti 
its  weight  of  the  powdered  bisulphate  and  2-3  cc.  of  concentrated  sulphuric 
added.    A  porcelain  or  silica  dish  will  do  for  this  fusion.    The  fusion  sho 
be  made  over  a  moderate  flame  and  cooled  as  soon  as  the  molten  liquid  beco 
clear.    Complete  expulsion  of  S0»  should  be  avoided.    It  may  be  ne 
to  cool  and  add  more  cone,  sulphuric  acid  to  effect  solution.    Iron  and  al 
completely  dissolve,  but  silica  remains  undissolved.    The  melt  is  best  cooled 
pouring  it  on  a  large  platinimi  lid.  i 

Fusion  with  Carbonates  of  Sodium  and  Potassium.  The  residues  insolubld 
in  hydrochloric  acid  are  fused  with  5  parts  by  weight  of  the  fusion  mixturt 
(NajCOa+KjCOa)  in  a  platinum  crucible.  The  M6ker  blast  will  be  necessary; 
When  the  effervescence  has  ceased  and  the  melt  has  become  clear,  the  cruciblil 
is  removed  from  the  flame,  a  platinum  wire  inserted  and  the  melt  cooled.  Upoai 
gently  reheating,  the  fuse  may  be  readily  removed  by  the  wire  in  a  convenknll 
form  for  solution  in  dilute  hydrochloric  acid. 

The  bisulphate  fusion  is  recommended  for  fusion  of  residues  high  in  iron 
and  alumina.  It  is  an  excellent  solvent  for  ignited  oxides  of  these  elements. 
The  carbonate  fusions  are  adapted  to  residues  containing  an  appreciable  amount 
of  silica. 

Iron  and  steel  are  best  dissolved  in  hydrochloric  acid  with  a  few  drops  of 
nitric  acid.  The  iron  hydroxide  should  be  precipitated  or  the  solution  taken  t© 
dryness  to  expel  the  nitric  acid  followed  by  resolution  in  dilute  hydrochloric 
acid  or  sulphuric  acid. 

The  finer  the  material  the  more  rapid  its  solution  is  a  fact  that  should  he  rememr 
bered  in  all  cases. 
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GRAVIMETRIC  METHODS   FOR  THE  DETERMINATION 

OF   IRON 


The  gravimetric  determination  of  iron  may  be  made  from  solutions  practi- 

y  free  from  other  metals.    A  number  of  elements  such  as  phosphorus, 

nic,   molybdenum,   tungsten,   vanadium,   and   the  like,  form  fairly  stable 

pounds  with  iron  in  neutral  or  slightly  alkaline  solutions,  whereas  others, 

eh  as  lead,  copper,  nickel,  cobalt,  sodium,  and  potassium  may  be  occluded 

■I  the  ferric  hydrate  precipitate  and  are  removed  only  with  considerable  diffi- 

tiilty.     Aluminum,  chromium,  and  several  of  the  rare  earths  are  precipitated 

with  iron,   if  present.    These  facts  taken  into  consideration,  the  volumetric 

[methods  are  generally  preferred  as  being  more  rapid  and  trustworthy. 
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Determination  of  Iron  as  Fe203 

Iron   is  precipitated  as  the  hydroxide  and  ignited  to  the  oxide,  FcaOg,   in 
which  form  it  is  weighed. 

Reactions.    FeCla+3NH40H  =Fe(OH),+3NH4Cl. 

2Fe(0H),+heat  =Fe,0,+3H,0. 

Procedure.  One-gram  sample  or  a  larger  amount  of  material  if  the  iron 
eontent  is  low,  is  brought  into  solution  with  hydrochloric  acid,  aqua  regia,  or  by 
fosion  with  potassium  carbonate  or  potassium  acid  sulphate,  as  the  case  may 
require.  Silica  is  filtered  off  and  the  acid  solution  gassed  with  HjS  if  members 
of  that  group  are  present.  The  filtrate  is  boiled  to  expel  HsS  and  the  iron 
oxidized  to  ferric  condition  by  boiling  with  5  cc.  concentrated  nitric  acid. 

Absence  of  Aluminum  and  Chromium.  About  1  gram  of  ammonium 
cfak)nde  salt  or  its  equivalent  in  solution  is  added,  the  volume  made  to  about 
20O  cc.  and  ammonium  hydroxide  added  in  sHght  excess  to  precipitate  Fe(0H)8. 
The  solution  is  boiled  for  about  five  minutes,  then  filtered  through  an  ashless 
fiHer.     (S.  A  S.  589  is  good  for  this  purpose.) 

If  Aluminum  and  Chromium  are  Present.  In  place  of  ammonium  hydroxide 
powdered  sodium  peroxide  is  added  in  small  portions  until  the  precipitate  first 
formed  clears,  the  solution  being  cold  and  nearly  neutral.  It  is  diluted  to  about 
^  cc.  and  boiled  ten  to  fifteen  minutes  to  precipitate  the  iron.  Alimiinum  and 
chromium  are  in  solution.  (Mn  will  precipitate  with  Fe,  if  present.)  The 
Pi^pitate  is  filtered  onto  a  rapid  filter  and  washed  with  hot  water. 

Second  Precipitation.  In  either  case  dissolve  the  precipitate  with  the 
l^t  amount  of  hot  dilute  hydrochloric  acid  and  wash  the  paper  free  of  iron. 
Wdafew  cc.  of  10%  anunonium  chloride  solution  and  reprecipitate  the  hydroxide 
^  iron  by  adding  an  excess  of  ammonium  hydroxide,  the  volume  of  the  solu- 
tion being  about  200  cc.  Washing  the  precipitate  by  decantation  is  advisable. 
^Vee  such  washings,  100-cc.  portions,  followed  by  two  or  three  on  the  filter 
paper,  will  remove  all  impurities. 

Ignition.  The  precipitate  is  ignited  wet  over  a  low  fiame,  gradually  in- 
<^'^ea8ing  the  heat.  Blasting  is  not  recommended,  as  the  magnetic  oxide  of 
i^n,  FeiOi,  will  form  with  high  heating.  The  oxide  heated  gently  appears  a 
reddish-brown.  Higher  heat  gives  the  black  oxide,  Fea04.  Twenty  minutes' 
JgQitioD,  at  red  heat,  is  sufficient. 
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The  crucible,  cooled  in  a  desiccator,  is  weighed  and  FeiOs  obtained. 

Factors.    FejO,  X  0.6994  -  Fe. 
Fe,0,  X  0.8998  =FeO. 

Precipitation  of  Iron  with  **  Cupferron/'  Amino  nitrosophenyl- 

hydroxylamine  ^ 

By  this  procedure  iron  may  be  precipitated  directly  in  acid  solution  in 
presence  of  a  number  of  elements.  Mercury,  lead,  bismuth,  tin,  and  silver 
may  be  partially  precipitated.  Copper  precipitates  with  iron,  but  may  be 
easily  removed  by  dissolving  it  out  with  ammonia.  The  method  is  especially 
adapted  for  separation  of  iron  from  aluminum,  nickel,  cobalt,  chromium,  cadmium, 
and  zinc. 

Procedure.  The  solution  containing  the  iron  is  made  up  to  100  cc.  and  20 
cc.  of  concentrated  hydrochloric  acid  added.  To  this  cool  solution  (room 
temperature)  Baudisch's  reagent,  cupferron,  is  slowly  added  with  constant 
stirring,  until  no  further  precipitation  of  iron  takes  place,  and  crystals  of  the 
reagent  appear.  The  iron  precipitate  is  a  reddish-brown.  Copper  gives  a 
grayish-white  flocculent  compound.  An  excess  of  the  reagent  equal  to  one-fifth 
of  the  volume  of  the  solution  is  now  added,  the  precipitate  allowed  to  settle 
for  about  fifteen  minutes,  then  poured  into  a  filter  paper  and  washed,  first  with 
2N.  HCl,  followed  by  water,  then  with  ammonia  and  finally  with  water.  The 
drained  precipitate  is  slowly  ignited  in  a  porcelain  or  platinum  crucible  and  the 
residue  weighed  as  FetO». 

Fe^O,  X  0.6994  =Fe. 

Notes.  Baudisch's  reagent,  amino  nitrosophenyl-hydroxylamine  (cupferron),  is 
made  by  dissolving  6  grams  of  th?  salt  in  water  and  diluting  to  100  cc.  The  reagent 
keeps  for  a  week  if  protected  from  the  light.  It  decomposes  in  the  light,  forming 
nitrobenzine.     Turbia  solutions  should  be  filtered. 

The  precipitates  of  copper  or  iron  are  but  slowlj^  attacked  by  twice  normal  hydro- 
chloric acid  in  the  cold,  but  decomposed  by  hot  acid,  hence  the  solution  and  reagent 
should  be  cold. 

Cold,  dilute  potassium  carbonate  solution,  or  ammonium  hydroxide,  have  no  action 
on  the  iron  precipitate;  the  copper  compound  dissolves  readily  in  ammonia.  Alkaline 
hydroxide  causes  rapid  decomposition. 

The  precipitation  is  best  made  in  comparatively  strong  acid  solutions  (HCl,  HsSOi, 
or  acetic  acid). 

VOLUMETRIC  DETERMINATION  OF  IRON  IN  ORES  AND 

METALLURGICAL  PRODUCTS 

General  Considerations.     Two  general  procedures  are  commonly  employed 

in  the  determination  of  iron. 

A.  Oxidation  of  ferrous  to  ferric  condition  by  standard  oxidizing  agents. 

B,  Reduction  of  ferric  iron  to  ferrous  condition. 

The  sample  is  dissolved  as  directed  under  Preparation  and  Solution  of  the 
Sample. 

10.  Baudisch,  Chem.  Ztg.,  88,  1298.  1905.  Ibid.,  85,  913,  1911.  O.  Baudisch 
and  V.  L.  Iving,  Jour.  Ind.  Eng.  Chem.,  3,  627,  1911. 
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Determination  of  Iron  by  Oxidation  Methods 

Some  modification  of  either  the  dichromate  or  permanganate  methods  is 
commonly  employed  in  the  determination  of  iron  by  oxidation.  To  accomplish 
this  quantitatively,  the  iron  must  be  reduced  to  its  ferrous  condition.  This 
may  be  accomplished  in  the  following  ways: 

1.  Reduction  by  Hydrogen  Sulphide.  During  the  course  of  a  complete  anal- 
ysis of  an  ore,  HsS  is  passed  into  the  acid  solution  to  precipitate  the  members  of  that 
group  (Hg,  Pb,  Bi,  Cu,  Cd,  As,  Sb,  Sn,  Pt,  Au,  Se,  etc.).  The  filtrate  contains  iron 
in  the  reduced  condition  suitable  for  titration  with  either  dichromate  or  per- 
manganate, the  excess  of  HsS  having  been  boiled  off.  If  the  expulsion  of  H^ 
is  conducted  in  an  Erlenmeyer  flask  there  is  little  chance  for  reoxidation  of  the 
iron  during  the  boiling.  Reduction  by  H|S  is  very  effective  and  is  frequently 
advisable.  This  is  the  case  when  titanium  is  present,  since  this  is  not  reduced 
by  HjS,  but  by  methods  given  below.  Arsenic,  antimony,  copper,  and  platinum, 
which,  if  present  would  interfere,  are  removed  by  this  treatment. 

Reaction.    2FeCl,+H,S  =2FeCl,+2HCl+S. 

2.  Reduction  with  Stannous  Chloride.  SnCls  solution  acts  readily  in 
a  hydrochloric  acid  solution  of  the  ore;  the  reduction  of  the  iron  is  easily  noted 
by  the  disappearance  of  the  yellow  color.  The  excess  of  the  reagent  is  oxidized 
to  SnCU  by  addition  of  HgCU. 

ReacttoM.    1.  2FeCl,+SnCU=2FeClAsnCl4. 

2.  Excess  SnCl,+2HgCl,=SnCl4+2HgCl  precipitated. 

An  excess  of  SnCU  is  advisable,  but  a  large  excess  is  to  be  avoided,  as  a 
secondary  reaction  would  take  place,  as  follows:  2SnCli-f2HgCli«2SnCl4-|-2Hg. 
This  reaction  is  indicated  by  the  darkening  of  the  solution  upon  the  addition  of 
HgCls.  Precipitation  of  metallic  mercury  would  vitiate  residts.  The  solution 
should  be  cooled  before  addition  of  mercuric  chloride.  About  15-20  cc.  of  sat- 
urated mercuric  chloride,  HgCU,  solution  should  be  sufficient. 

3.  Reduction  by  a  Metal  such  as  Test  Lead,  Zinc,  Magnesium,  Cadmium, 
or  Aluminum,  in  Presence  of  Either  Hydrochloric  Acid  or  Sulphuric  Acid. 
The  former  acid  is  preferred  with  the  dichromate  titration,  and  the  latter  with 
the  permanganate.  Two  methods  of  metallic  reduction  are  in  common  use — 
reduction  by  means  of  test  lead,  and  reduction  with  amalgamated  zinc  by  means 
of  the  Jones  reductor.  * 

(a)  Reduction  with  Test  Lead.  By  this  method  copiper  Is  precipitate 
from  solution  and  small  amounts  of  arsenic  and  antimony  expelled.  Sufficient 
test  lead  is  added  to  the  acid  ferric  solution  to  completely  e6vef  the  bottom  of 
the  beaker.  The  solution  is  covered  and  boiled  vigorously'Vintil  the  yellow  color 
has  completely  disappeared,  and  the  solution  is  colorlc^.  The  reduced  iron 
solution,  cooled,  is  decanted  into  a  600-cc.  beaker,  the  remaining  iron  washed 
out  from  the  lead  mat  by  several  decantations  with  water;  two  or  three  50-cc. 
portions  of  water  should  be  sufficient;  the  washings  are  added  to  the  first  portion. 
II  the  solution  becomes  slightly  colored,  a  few  drops  of  stannous  chloride,  SnCU, 
solution  are  added,  followed  by  10  cc.  mercuric  chloride,  HgCli,  solution.  The 
sample  is  now  ready  for  titration. 
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(6)  Reduction  with  Zinc,  Using  the  Jones  Reductor.  The  acid  sol  ution  of 
iron,  preferably  sulphuric  acid,  is  passed  through  a  column  of  amalgamated  zinc.^ 
The  hydrogen  evolved  in  presence  of  the  zinc  reduces  the  ferric  iron  to  ferrous 
condition.  The  procedure  is  described  in  detail  under  the  Permanganate  Method 
for  Determination  of  Iron,  page  218.    Titanium  if  present  will  also  be  reduced. 

4.  Reduction  with  Sulphurous  Acid,  Sodium  Sulphite  or  Metabisulphite. 
SO2  gas  is  passed  into  a  neutral  solution  of  iron,  since  iron  is  not  reduced 
readily  in  an  acid  solution  by  this  method.  The  excess  SOi  is  expelled  by  acidi- 
fying the  solution  and  boiling. 

5.  Reduction  with  potassium  iodide,  the  liberated  iodine  being  expelled  by 
heat. 

In  the  soltUion  of  the  ore  with  stannous  chloride  and  hydrochloric  acid,  if  an 
excess  of  the  former  has  been  accidentally  added,  it  mil  be  necessary  to  oxidize  the 
iron  before  reduction.  This  may  be  accomplished  by  addition  of  hydrogen  peroxide 
until  the  yellow  color  of  ferric  chloride  appears  {or  by  addition  o/KMn04  solution), 
the  excess  HiOi  may  be  removed  by  boiling.  The  iron  may  now  be  reduced  by  one  of 
the  above  methods. 

Volumetric  Determination  of  Iron  by  Oxidation  with 

Potassium  Dichromate 

Principle.  This  method  depends  upon  the  quantitative  oxidation  of  ferrous 
salts  in  cold  acid  solution  (HCl  or  H2SO4)  to  ferric  condition  by  potassium 
dichromate,  the  following  reaction  taking  place: 

6FeCU+K,Cr,07+ 14HC1  =  6FeCl,+2CrCU+2KCl+7H,0. 

Potassium  ferricyanide  is  used  as  an  outside  indicator.  This  reagent  pro- 
duces a  .blue  compound  with  ferrous  salts  and  a  yellowish-brown  with  ferric. 
The  chromic  salt  formed  by  the  reaction  with  iron  colors  the  solution  green. 

Reagents  Required.  Standard  Potassium  Dichromate*  When  oxygen 
reacts  with  ferrous  salts,  the  following  reaction  takes  place: 

6FeCl,-h6HCl-h30  =6FeCl,-t-3H20. 

Comparing  this  reaction  with  that  of  dichromate,  it  is  evident  that  a  normal 
solution  of  dichromate  contains  one-sixth  of  the  molecular  weight  of  KjCrjO? 
per  liter,  namely,  49.033  grams.  For  general  use  it  is  convenient  to  have  two 
strengths  of  this  solution,  N/5  for  ores  high  in  iron  and  N/10  for  products  con- 
taining smaller  amounts. 

Standardization.  For  N/5  solution  9.807  grams  of  the  recrystallized  de- 
hydrated salt  are  dissolved  and  made  up  to  one  liter;  N/10  potassiiun  dichro- 
mate contains  4.903  grams  of  the  pure  salt  per  liter.  It  is  advisable  to  allow 
the  solution  to  stand  a  few  hours  before  standardization.  The  Sibley  iron 
ore  furnished  by  the  U.  S.  Bureau  of  Standards,  Washington,  D.  C,  is  recom- 
mended as  the  ultimate  standard.  Other  ores  uniform  in  iron  may  be  standardized 
against  the  Sibley  ore  and  used  as  standards.  The  ore  in  question  contains 
69.20%  Fe  (1914).    For  accurate  work  it  is  desirable  to  use  a  chamber  burette 

^  Amalgamated  zinc  Ls  best  prepared  by  dissolving  5  grams  of  mercury  in  25  cc. 
of  concentrated  nitric  acid  with  an  equal  volume  of  water,  250  cc.  of  water  are  added 
and  the  solution  poured  into  500  grams  of  shot  zinc,  20-mesh.  When  thoroughly 
amalgamated  the  solution  is  poured  off,  and  the  zinc  dried. 
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with  graduations  from  75  to  90  cc.  in  tenths  and  from  90  to  100  in  twentietlis  of 
a  cc.  A  titration  of  90  to  100  cc.  of  the  dichromate  would  require  0.9  to  1.1 
gram  of  iron  for  a  fifth  normal  solution  arid  half  this  amount  for  a  tenth  normal 
solution  of  dichromate.  In  the  first  case  1.4  gram  of  Sibley  iron  ore  should 
be  taken  and  for  N/10  0.7  gram  of  the  ore.  The  ore  is  best  dissolved  in  strong 
HCl,  adding  a  few  drops  of  stannous  chloride  solution  and  heating  just  below 
l>oiling.  In  case  of  an  ore  or  iron  ore  briquette,  containing  silica  in  an  appre- 
ciable amount,  a  carbonate  fusion  of  the  residue  may  be  necessary.  Reduction 
and  titration  of  the  ore  is  done  exactly  as  prescribed  under  Procedure  below. 

The  equivalent  iron  in  the  ore  divided  by  the  cc.  titration  required  for  com- 
plete oxidation  gives  the  value  in  terms  of  grams  per  cc,  e.g.,  1.4  gram  of  ore 
containing  69.2%  Fe  required  a  titration  of  95  cc.  KjCrjOT  solution,  then, 

(69.2X1.4)     ^,     ^^.^« 
^  ^^'      — inn —   '^^  =0.0102  gram  Fe. 

Stannous  Chloride,  Sixty  grams  of  the  crystallized  salt  dissolved  in  600 
cc.  of  strong  HCl  and  made  up  to  one  liter.  The  solution  should  be  kept  well 
stoppered. 

Mercuric  Chloride,    Saturated  solution  of  HgCU  (60  to  100  grams  per  liter). 

Potasaium  Ferricyanide,  KiFe{CN)%,  The  salt  should  be  free  of  ferrocyanide, 
as  this  produces  a  blue  color  with  ferric  salts,  which  would  destroy  the  end- 
point.  It  is  advisable  to  wash  ofF  the  salt  before  using.  A  cr3rstal  the  size  of 
a  pinhead  dissolved  in  50  cc.  of  water  is  sufficient  for  a  series  of  determinations. 
The  solution  should  be  made  up  fresh  for  each  set  of  determinations. 

Apparatus.  Chamber  burette.  This  should  read  from  75  to  90  cc.  in 
tenths  and  from  90  to  100  cc.  in  twentieths  of  a  cc. 

Tent  Plate.  The  usual  porcelain  test-plate  with  depressions  may  be  replaced 
by  a  very  simple  and  efficient  test-sheet  made  by  dipping  a  white  sheet  of  paper 
in  paraffin.  The  indicator  does  not  cling  to  this  surface,  the  drops  assuming 
a  spherical  form,  which  renders  the  detection  of  the  end-point  more  delicate. 

Procedure.  Iron  Ores.  The  amount  of  sample  taken  should  be  such  that 
the  actual  iron  present  would  weigh  between  0.9  to  1.1  gram.  This  weight 
can  be  estimated  by  dividing  95  by  the  approximate  percentage  of  iron  present, 
e.g.,  for  50%  Fe  ore  take  f^  =  1.9  gram;  95%  iron  material  would  require  1 
gram,  whereas  20%  Fe  ore  would  require  4.75  grams. 

For  samples  containing  less  than  20%  Fe  it  is  advisable  to  use  N/10  K2Cr207 
sr>lution. 

The  sample  should  be  finely  groimd  (SO-mesh). 

Sotution.  The  hydrochloric  acid  method  for  solution  of  the  oxidized  ore 
with  subsequent  carbonate  fusion  of  the  residue  is  recommended  as  being  suitable 
for  iron  ores,  briquettes,  and  materials  high  in  iron. 

Reduction  H|S  reduction  is  recommended  in  ores  containing  arsenic  or 
titanium.  SnCl,  in  very  slight  excess,  followed  by  mercuric  chloride,  HgCU, 
gives  excellent  results  in  absence  of  other  reducible  salts  of  elements,  Cu,  As.  etc. 

Tent  Lead.  The  easy  manipulation  and  efficiency  of  this  method  of  reduc- 
tion makes  it  applicable  for  a  large  variety  of  conditions.  The  acid  solution 
preferably,  HCl,  is  diluted  to  about  150  to  200  cc,  containing  15  to  20  cc.  con- 
centrated hydrochloric  acid  (sp.gr.  1.19).  Sufficient  test  lead  is  added  to  cover 
the  bottom  of  a  No.  4  l)eaker.  The  solution  covered  is  boiled  vigorously  until 
it  bec<Mnes  colorless.    Copper,  if  present,  is  precipitated,  as  well  as  platinum, 
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and  small  amounts  of  arsenic  and  antimony  eliminated  from  the  solution  during 
the  reduction  of  the  iron.  The  cooled  solution  is  poured  into  a  600-cc.  beaker 
and  the  mat  of  lead  remaining  in  the  No.  4  beaker  washed  free  of  iron,  two  or 
three  50-cc.  washings  being  sufficient.  The  main  solution  and  washings  are 
combined  for  titration.  If  the  solution  is  slightly  colored,  due  to  reoxidation 
of  iron,  a  few  drops  of  stannous  chloride  solution  are  added  to  reduce  it,  followed 
by  an  excess  of  HgCU  solution,  20  to  25  cc,  and  allowed  to  stand  five  minutes. 

Titration.  The  standard  potassium  dichromate  is  run  into  the  solution  to 
within  5  to  10  cc.  of  the  end-point,  this  having  been  ascertained  on  a  portion 
of  the  sample.  The  dichromate  is  run  in  slowly  near  the  end-reaction,  and 
finally  drop  by  drop  until  a  drop  of  the  solution  mixed  with  a  drop  of  potassium 
ferricyanide  solution  produces  no  blue  color  during  thirty  seconds.  A  paraflined 
surface  is  excellent  for  this  test. 

Cc.  KjCriOj  multiplied  by  value  per  cc.  =Fe  present  in  sample.  %  = ; — . 

wt.  taken 

Notes.  If  SnCIs  solution  has  been  used  for  reduction  of  the  iron,  it  is  necessary 
to  add  the  HgClj  rapidly  to  a  cold  solution,  as  slow  addition  to  a  warm  solution  is 
apt  to  precipitate  metallic  mercury. 

In  ca^e  an  excess  of  dichromate  has  been  added  in  the  titration,  as  often  occurs, 
back  titration  may  be  made  with  ferrous  ammonium  sulphate  (NH4)^04*Fe804-6H30. 
N/10  solution  of  this  reagent  may  be  prepared  by  dissolving  9.81  grams  of  the  clear 
crystals  in  about  100  cc.  of  water,  adding  5  cc.  of  concentrated  H2SO4  and  making  to 
250  cc.  The  solution  should  be  standardized  against  the  dichromate  solution  to  get 
the  equivalent  values,  by  running  the  dichromate  directly  into  the  ferrous  solution. 

The  ferricyanide  indicator  should  be  made  up  fresh  each  time  it  is  required. 

Large  amounts  of  manganese  in  the  iron  solution  titrated  cause  a  brown  coloration, 
which  masks  the  end-point.  Nickel  and  cobalt,  present  in  large  amounts,  are  objection- 
able for  the  same  reason.  This  interference  may  be  overcon  e  by  using  very  dilute 
acid  solutions  of  ferricyanide  indicator,  so  that  the  insoluble  ferricyanide  of  these 
metals  will  not  form. 

Potassium  Permanganate  Method  for  Determination  of  Iron 

Introduction.  The  method  depends  upon  the  quantitative  oxidation  of 
ferrous  salts  to  the  ferric  condition  when  potassium  permanganate  is  added  to 
their  cold  solution,  the  following  reaction  taking  place : 

10FeSO4+2KMnO4+8H,SO4=5Fe2(SO4)3+K,SO4+2MnSO4+8H,O. 

» 

Hydrochloric  acid  in  presence  of  iron  salts  has  a  secondary  reaction  upon 
the  permanganate,  e.g., 

2KMn04+ 16HC1  =  2KC1 +2MnCl2+8H,0+ lOCl. 

This  reaction  may  be  prevented  by  addition  of  large  amounts  of  zinc  or  man- 
ganous  sulphates  together  with  an  excess  of  phosphoric  acid.^  It  is  preferable, 
however,  to  expel  HCl,  when  this  has  been  used  as  a  solvent,  by  adding  sul- 
phuric acid  and  taking  to  fumes.  The  solution  is  diluted  and  reduced  with  zinc 
and  titrated  as  dinfcted. 

The  reduction  of  ferric  sulphate  is  best  accomplished  by  passing  the  solution 
through  a  column  of  amalgamated  zinc  in  the  Jones  reductor.  In  presence 
of  titanium,  reduction  is  accomplished  by  US  in  a  hydrochloric  acid  solution  of 

the  iron. 

*  Jour.  Am.  Chem.  Soc,  17, 405. 
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Since  ix>tas8ium  permanganate  enters  into  reaction. with  acid  solutions  of 
antimony,  tin,  platinum,  copper  and  mercury,  when  present  in  their  lower  state 
of  oxidation,  (also  with  manganese  in  neutral  solutions)  and  with  SO2,  HsS,  NsO, 
ferrocyanides  and  with  most  soluble  organic  bodies,  these  must  be  absent  from 
the  iron  solution  titrated. 

Potassium  permanganate  produces  an  intense  pink  color  in  solution,  so  that 
it  acts  as  its  own  indicator. 

Solutions  Required.  Standard  Permanganate  Solutions.  As  in  case  of 
potassium  dichromate,  it  is  convenient  to  have  two  standard  solutions,  N/5 
and  NVIO. 

From  the  reaction  given  above  it  is  evident  that  2  KMnOi  are  equivalent  to 
5  oxygens,  e.g.,  2KMn04«KiO+2MnO-f50,  hence  a  normal  solution  would 
contain  one-fifth  of  the  molecular  weight  of  KMnOi  =31.6  grams  of  the  pure  salt. 
Hence  a  N/5  solution  would  contain  6.32  grams  per  liter  and  a  N/10  solution 
3.16  grams. 

Since  commercial  potassium  permanganate  is  seldom  pure,  it  is  necessary  to 
determine  its  exact  value  by  standardization.  This  is  conunonly  accomplished 
by  any  of  the  following  methods: 

(a)  By  a  standard  electrolytic  iron  solution. 

(6)  By  ferrous  salt  solution,  e.g.,  (NH^jSO*  •  FeSO*  •6H,0. 

(c)  By  oxalic  acid  or  an  oxalate. 

Reaction.    2KMn04+5Na,C,04+8H,S04 

=KaSO4-f2MnSO4+5Na^O4-fl0CO,-f8H,O. 

Standardization  of  KMn04  against  sodium  oxalate  is  recommended  as  the 
most  accurate  procedure.  The  salt  has  no  water  of  crystallization  and  is  not 
hygroscopic.  It  can  be  obtained  from  the  Bureau  of  Standards  with  a  guarantee 
of  purity.  Traces  of  moisture  can  be  expelled  by  heating  the  salt  to  120**  C  for 
two  hours,  then  cooling  in  a  desiccator. 

X/5  NaiCi04  contains  13.40  grams  per  liter,  N/10  solution  contains  6.7 
grams.  For  standardization  of  N/5  KMn04,  3.35  grams  of  the  sodium  oxalate 
are  dissolved  in  warm  (70®  C.)  water  (about  200  cc),  50  cc.  of  2N.  HsS04  are  added 
and  the  solution  made  up  to  250  cc. 

X/5  KMn04  contains  6.32  grams  of  the  salt  per  liter.  It  is  advisable  to 
dissolve  6.4  grams  of  the  salt  in  about  500  cc.  of  hot  water  and  filter  the  solution 
through  asbestos  to  remove  any  dioxide  of  manganese  that  may  be  present, 
a.s  MnOt  aids  in  the  decomposition  of  KMn04  solution.  The  reagent  should  be 
kept  tightly  sealed  in  a  dark  bottle  well  protected  from  the  light.  This  solution 
should  stand  two  or  three  days  before  standardization. 

To  standardize  the  solution  100  cc.  of  the  N/5  sodium  oxalate  solution  is  heated 
to  about  70®  C.  and  the  permanganate  solution  added  from  a  100-cc.  burette 
very  slowly  in  small  portions  at  a  time,  allowing  the  color  to  fade  after  each 
addition  before  adding  more.  When  within  5-10  cc.  of  the  end-point  the  per- 
manganate solution  should  be  added  drop  by  drop  until  a  faint  permanent  pink 
color  persists. 

Procedure  for  the  Determination  of  Iron  by  the  Jones  Reductor 

Preparation  of  Sample.  Such  an  amount  of  the  sample  is  taken  that  the 
iron  content  is  between  two-  and  three-tenths  of  a  gram  (0.2  to  0.3  gram).  If 
hydrochloric  acid  has  been  required  to  effect  solution,  or  hydrochloric  acid  and 
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nitric  acid  (25  cc.  :  1  cc),  as  in  case  of  iron  and  steel,  4  to  5  cc.  cone,  sulphuric 
are  added,  aad  the  solution  evaporated  to  small  bulk  on  the  steam  bath  and  to 
SOi  fumes  to  remove  hydrochloric  acid.  The  iron  is  taken  up  with  about  50  cc. 
dilute  sulphuric  acid,  1  : 4,  heating  if  necessary,  and  filtering  if  an  insoluble 
residue  remains. 

PreparatioD  of  the  Reductor.  Cleaning  out  the  apparatus.  See  Fig.  40. 
The  stop-cock  of  the  reductor  is  closed ,  a  heavy-walled  flask  or  bottle  is  put  int« 
)x>sition  at  the  bottom,  and  50  cc.  of  dilute 
sulphuric  acid  poured  into  the  funnel.  The 
cock  is  opened  and  the  acid  allowed  to  flow 
slowly  throi^h  the  zinc  in  the  tube,  applying 
a  gentle  suction.  Before  the  acid  has  drained 
out  of  the  funnel,  50  cc.  of  water  are  added, 
followed  hy  50  cc,  more  of  dilute  sulphuric 
acid  and  50  cc.  of  water  in  turn.  The  stop- 
cock is  turned  off  before  the  water  has  drained 
completely  from  the  funnel  so  that  the  linc  la 
always  covered  by  a  solution  of  acid  or  water. 
This  precaution  should  be  observed  in  all 
determinations  with  the  Jones  reductor  to  pre- 
vent the  inflow  of  air  into  the  colunm  of  line. 
The  contents  of  the  flask  being  emptied  and 
the  flask  replaced,  the  apparatus  is  ready  for 
the  determination  of  the  blank. 

Determinatioii  of  the  Blank.  Fifty  cc. 
of  dilute  sulphuric  acid,  1  : 4,  are  passed 
through  the  reductor,  followed  by  250  cc.  of 
'  distilled  water,  according  to  the  directions 
given  above.  The  acid  solution  in  the  fla^ 
is  then  titrated  with  N/10  KMnO,  solution. 
If  more  than  3  or  4  drops  of  the  perman^- 
nate  are  required,  the  operation  must  be  re- 
peated until  the  blank  titration  does  not 
exceed  this  amount.  The  final  blank  obtained 
should  be  deducted  from  the  regular  determinations  for  iron.  The  end-point  of 
the  titration  is  a  faint  pink,  persisting  for  one  minute. 

Reduction  and  Titration  of  the  Iron  Solution.  The  sample  is  diluted 
to  200  cc,  and,  when  cold,  is  run  into  the  fuimcl,  the  stop-cock  opened  and 
the  solution  drawn  slowly  through  the  column  of  zinc  into  the  flask,  about  four 
minutes  being  required  for  200  cc.  of  solution.  Before  the  funnel  has  com- 
pletely drained,  rinsings  of  the  vessel  which  contained  the  sample  are  added; 
two  50-cc.  portions  are  sufficient,  followed  by  about  50  cc.  of  water.  The 
stop-cock  is  closed  Iwfore  the  solutions  have  completely  drained  from  the  funnel. 
Titration.  The  flask  is  removed  and  tenth  normal  solution  of  perman- 
fr;uiate  added  until  a  fuint  pink  color,  persisting  one  minute,  is  obtained.  The 
hhink  is  deducted  from  the  cc,  reading  of  the  burette. 

Cf.  KMnO,  thus  found  multiplied  by  the  value  of  the  reagent  in  terms  of 
N/10  =true  \^due  of  N/10  KMnUt  required  to  oxidize  the  reduced  iron. 

Onecc.  N/10  KMnO,  =  .005584  gram  Fe;  or  .007984  gram  Fe.0,. 


FiH.  40. — Jones  Reductor. 


This  weight,  divided  by  tho  weight  of  the  sample  taken,  and  multiplied  by 
100=per  cent  iron,  or  iron  oxide  in  the  sample,  according  to  the  factor  taken 
abo\-e. 

Stannous  Chloride  Method  for  Determination  of  Ferric  Iron 

The  procedure  is  based  upon  the  reduction  of  the  yellow  ferric  chloride  to 
the  colorless  ferrous  salt  by  .stannous  chloride,  the  following  reaction  taking  place: 

2FeCn,+SnCI,  =2FeCl,+SnCl.. 

The  method  is  of  value  in  estimating  the  quantity  of  ferric  iron  in  presence 
of  ferrous,  where  the  two  forma  are  to  be  determined.  In  order  to  obtain  the 
total  iron  the  ferrous  is  oxidized  by  adding  a  few 
crj'Ktals  of  potassium  chlorate  and  taking  to  dryness 
to  expel  chlorine,  and  then  titrated  with  stannous 
chloride. 

The  accuraty  of  the  metho<l  dei>end8  upon  the 
unifom'ity  of  conditions  of  temperature,  concentra- 
tion, etc.,  of  making  the  run  with  the  sample  and  of 
standardizing  the  stannous  chloride.  The  solution 
should  be  free  from  other  oxidizing  agents,  or  from 
HB-Its  tliat  give  colored  solutions. 

The  amount  of  iron  in  terms  of  ferric  oxide 
that  can  be  estimated  by  this  proceQure  ranges 
from  0.002  gram  to  0.05  gram. 

Rragents.  Slannoua  Chloride  Solution.  The 
reagent  is  prepared  by  dissolving  2  grams  of  stan- 
nous chloride  cryatals  in  hot  concentrated  hydro- 
chloric acid  and  making  up  to  1  liter.  The  solution 
flwuld  be  kept  in  a  dark  bottle  to  which  the  titrat- 
ing burette  is  attached  in  such  a  way  that  the  liquid 
may  be  siphoned  out  into  this,  as  shown  in  the 
illustration.  Fig.  41.  The  air  entering  the  bottle 
passes  through  phoBphorus  or  pyrogallic  acid  to 
remove  the  oxygen.  In  this  way,  protected  from 
the  air,  the  reagent  will  keep  nearly  constant  for 
several  weeks.  It  is  advisable,  however,  to  restand- 
ardise  the  solution  about  every  ten  to  fifteen  days. 
One  cc.  will  be  equivalent  to  about  0.00!  gram  Fe.      fj^  41 —Apparatus  fi.rSian- 

Standard  Iron  Solution.    8.6322  grams  of  ferric      ^^^  Chloride  Titration  of 
ammonia  alum  is   dissolved  in  dilute  hydrochloric      j,^q 
acid  and  made  up  to  one  liter.     The  iron  is  deter- 
mined in   100-cc.  portions  by  the  dichromatc  method.    One  cc.  will  contAin 
about  0.001  gram  Fe. 

Procedure.  To  the  sample  in  a  casserole  is  added  25  cc.  of  concentrated 
hydrochloric  acid  and  an  equal  volume  of  water.  The  resulting  solution  is 
heated  to  boiling  and  quickly  titrated  with  the  stannous  chloride  reagent, 
until  the  yellow  color  fades  out  and  the  solution  Iwcomcs  colorless. 

NoTB.  The  titration  should  be  done  quickly,  as  the  iron  will  rcoxidize  on  stnnding 
and  the  Bolution  again  become  yellow.  The  true  end-iwint  is  tint  lirst  chatigt-  lo  a 
n^orJMs  solution. 
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COLORIMETRIC  METHODS  FOR  THE  DETERMINATION  OF 

SMALL  AMOUNTS  OF  IRON 

Iron  Traces.    Sulphocyanate (Thiocyanate)  Method^ 

Introduction.  By  this  method  1  part  of  iron  may  be  detected  in  50  million 
parts  of  water.  The  presence  of  free  mineral  acid  increases  the  sensitiveness 
of  the  method,  so  that  it  is  especially  applicable  to  the  determination  of  small 
amounts  of  iron  in  mineral  acids.  It  is  available  in  presence  of  many  of  the 
ordinary  metals  and  in  presence  of  organic  matter.  Silver,  copper,  cobalt,  mer- 
curic chloride,  however,  interfere. 

Nitric  acid  gives  a  color  with  sulphocyanates  that  may  be  mistaken  for 
iron. 

This  method,  like  the  stannous  chloride  method,  determines  only  the  ferric 
iron.  It  is  based  on  the  fact  that  ferric  iron  and  an  alkali  sulphocyanate, 
ammonium  or  potassium  sulphocyanates,  in  an  acid  solution  gives  a  red  color, 
the  intensity  of  which  is  proportional  to  the  quantity  of  iron  present.  The 
color  is  due  to  the  formation  of  the  coi^pound,  Fe(CNS)a-9KCNS-4HiO. 

Reagents  Required.  Standard  Iron  Solution.  A  ferric  solution,  the  iron 
content  of  which  has  been  determined,  is  diluted  and  divided  so  as  to  obtain 
0.0004  gram  Fe.  This  is  made  up  to  2  liters  with  water  containing  200  cc.  of 
iron-free,  C.P.  H1SO4.  One  himdred  cc.  of  this  solution,  together  with  10  cc. 
of  normal  ammonium  sulphocyanate  solution,  is  used  as  a  standard.  One 
himdred  cc.  contains  0.00002  gram  Fe. 

Normal  sulphocyanate  contains  76.1  grams  of  NH4CNS  per  liter. 

Procedure.  The  weighed  sample,  1  to  10  grams,  or  more  if  nec^essary,  is 
dissolved  in  dilute  H2SO4  and  oxidized  by  adding  dilute  permanganate,  KMn04, 
solution  drop  by  drop  until  a  faint  pink  color  is  obtained.  The  sample  is  diluted 
to  exactly  100  cc.  and  is  poured  into  a  burette  graduated  to  -j^  cc.  Two 
colorless  glass  cylinders  of  the  lOO-cc,  Nessler  type  are  used  for  comparison 
of  standard  and  sample.  Into  one  cylinder  is  poured  100  cq.  of  the  standard 
solution,  made  as  directed  above.  Into  the  second  cylinder  containing  10  cc. 
of  sulphuric  acid  with  10  cc.  ammonium  sulphocyanate,  NH4CNS,  diluted  to 
60  or  70  cc,  the  sample  is  run  from  the  burette  until  the  depth  of  the  color 
thus  produced  on  dilution  to  100  cc.  exactly  matches  the  standard.  From  the 
number  of  cc.  used  the  weight  of  the  sample  is  calculated.  One  hundred  cc. 
of  the  standard  contains  0.00002  gram  Fe. 

Dividing  the  weight  of  iron  in  the  standard  by  the  weight  of  sample  used 
and  multiplying  by  100  gives  the  i)er  cent  of  iron  in  the  sample. 

Notes.  If  other  metals  are  present,  that  form  two  series  of  salts,  they  must  be  in 
the  higher  state  of  oxidation,  or  the  color  is  destroyexi.  (Sutton.)  Oxalic  acid,  if  pres- 
ent, destroys  the  color.  Oxidacion  with  KMn04  or  KCIO3  with  subsequent  removal  of 
Cli  prevents  this  interference.     (Lunge,  C.  N.,  78,  250.) 

Chlorides  of  the  alkaline  earths  retard  or  prevent  the  sulphocyanate  reaction. 
(Weber,  C.  N.,  47,  165.) 

The  colorimeter  used  for  the  determination  of  minute  quantities  of  lead  would  seive 
admirably  for  the  determination  of  traces  of  iron  by  the  sulphocyanate  method. 

Acids*  hydrochloric  or  sulphuric  (diluted),  may  be  added  directly  to  the  ammonium 
sulphocyanate  solution. 

1  Thomson,  J.  C.  S.,  493,  1885,  and  G.  N.,  61,  259.  Kruss  and  Moraht,  C.  N.,  W, 
255.     Davies,  C.  N.,  8,  1(>3. 
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Salicylic  Acid  Method  for  Determining  Small  Amounts  of  Iron 

Salicylic  acid  produces  an  amethyst  color  with  neutral  solutions  of  ferric 
salts,  the  depth  of  the  color  being  proportional  to  the  concentration  of  the  ferric 
iron  in  the  solution.  The  reaction  is  useful  in  determining  small  ahiounts  of 
iron  in  neutral  salts,  such  as  sodium,  ammonium,  or  potassium  alums,  sulphates, 
or  chlorides,  zinc  chloride,  etc.  Phosphates,  fluorides,  thiosulphates,  sulphites, 
bisulphites  and  free  mineral  acids  should  be  absent.  The  sample  should  not 
contain  over  0.0002  gram  iron,  as  the  depth  of  color  will  then  be  too  deep  for 
rolorimetric  comparisons.  As  low  as  0.00001  gram  ferric  iron  may  be  detected. 
Ferrous  iron  produces  no  color  with  the  reagents,  hence  the  procedure  serves 
for  determining  ferric  iron  in  presence  of  ferrous. 

The  material  is  dissolved  in  20  cc.  of  pure  water,  the  sample  filtered  if  cloudy, 
and  transferred  to  a  Nessler  tube.  Dilute  potassium  permanganate  solution 
Is  added  until  a  faint  pink  color  is  produced  and  then  5  cc.  of  a  saturated  solution 
of  salicylic  acid.  (The  reagent  is  filtered  and  the  clear  solution  used.)  Com- 
parison is  made  with  standard  solutions  containing  known  amounts  of  ferric 
iron,  the  standards  containing  the  same  reagents  as  the  sample.  If  desired 
the  standard  iron  solution  (0.086  gram  ferric  ammonium  alum,  clear  crystals,  dis- 
solved in  water  containing  2  cc.  of  dilute  sulphuric  acid  and  made  to  ICXX)  cc, 
each  cc.  contains  approximately  0.00(X)1  gram  Fe'")  is  added  from  a  burette 
to  5  cc.  of  salicylic  acid  diluted  to  25  cc.  in  a  Xessler  tube,  until  the  color  of  the 
standard  matches  the  sample.    A  plunger  is  used  to.  stir  the  liquids. 

TECHNICAL  ANALYSIS  OF   IRON   AND  STEEL 

The  elements  carbon,  manganese,  phosphorus,  sulphur,  and  silicon  are  in- 
variable constituents  of  iron  and  steel,  and  are  always  included  in  an  analysis. 
Copper  and  arsenic  are  sometimes  found;  aluminum,  chro- 
mium, nickel,  molybdenum,  tin,  titanium,  tungsten,  <  vana- 
dium, and  zinc  occur  in  special  alloy  steels.  Minute  traces  of 
oxj'gen,  hydrogen,  and  of  many  other  elementary  constituents 
frequently  are  present,  but  are  of  so  little  importance  that 
they  are  seldom  considered  in  an  analysis. 

Our  attention  is  drawn  in  this  chapter  to  the  more  impor- 
tant coastituents,  whose  estimation  is  required  in  the  daily 
rrjutine  analysis  of  a  steel  works  laboratory.  The  elements 
considered  are  carbon — carbide  or  combined  carbon  and  graph- 
itic carbon,  manganese,  phosphorus,  sulphur,  and  silicon. 
Determination  of  the  elements  of  special  alloy  steels  contain- 
ing aluminum,  chromium,  nickel,  titanium,  tungsten,  vana- 
dium, etc.,  are  given  in  the  chapters  on  the  elements  in  question; 
for  example  the  determination  of  vanadium  in  steel  will  be 
found  in  the  chapter  on  Vanadium,  chromium  and  copper  in 
the  chapters  on  Chromium  and  Copper,  etc. 

As  Ls  generally  the  case,  a  large  number  of  determinations 
are  required  in  the  steel  works  laboratories  and  it  is  not  an   Dividing  Pipette 
uncommon  thing  for  one  man  to  turn  out  50  to  1(X)  determina- 
tions a  day.    To  accomplish  this,  simple  and  rapid  procedures  are  required. 
When  the  metal  is  unusually  high  in  an  undesirable  constituent  it  is  indicated 
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by  the  test,  and  a  confirmation  of  the  result  is  obtained  by  an  additional  test 
exercising  extreme  care,  and  using  a  procedure  giving  results  of  the  highesi 
accuracy.   .Fortunately  the  analysis  of  steel  has  received  considerable  attention 
and  rapid  methods  have  been  worked  out  which  are  extremely  accurate. 

The  procedures  briefly  outlined  have  proven  of  value  to  analysts  of  iron 
and  steel.  While  in  charge  of  the  laboratory  at  Baldwin  Locomotive  Works, 
the  author  found  that  a  skilled  analyst  was  able  to  turn  out  125  determinations 
of  combined  carbon,  or  100  of  manganese,  or  of  sulphur,  or  50  determinations 
of  phosphorus,  or  25  determinations  of  silicon  per  day  by  the  procedures  given. 
This  necessitates  the  use  of  a  large  number  of  beakers  and  flasks,  ample  desk 
room,  individual  balances,  hot  plates,  and  hoods  to  acconunodate  a  dozen  to 
two  dozen  beakers  or  flasks  at  a  time,  and  a  carefully  planned  system. 

The  dividing  pipette,  shown  in  Fig.  42,  is  useful  for  adding  a  definite  amount 
of  reagent  t<i  the  sample. 

In  addition  to  the  short  methods,  we  include  the  procedures  recommended 
by  the  U.  S.  Bureau  of  Standards,  for  cases  where  accuracy  is  essential  and 
time  a  secondary  consideration. 

Preparation  of  the  Sample 

The  metal  is  sampled  by  drilling  with  a  clean  twist  drill,  using  no  water 
or  oil. 

Hard  grades  of  pig  iron,  chilled  iron,  ferromanganese,  quenched  steel,  etc., 
are  broken  down  to  a  coarse  powder  in  a  chilled  steel  mortar. 

Combined  or  Carbide  Carbon — Colorimetric  Method 

Rapid  Method.  0.2  gram  of  well-mixed  drillings  is  placed  in  a  test-tube 
6Xj  ins.  and  4  to  10  cc.  of  nitric  acid  (sp.gr.  1.2)  added  from  a  burette,  the 
test-tube  being  placed  in  cold  water  to  prevent  too  violent  action.  The  amount 
of  acid  added  is  governed  by  the  carbon-content  of  the  steel  (see  chapter  on 
Carbon,  page  108).  After  the  violent  action  has  ceased,  the  tube  is  placed  in  a 
specially-designed  water  bath,  the  water  heated  to  boiling  and  boiled  for  twenty 
minutes  or  more  until  the  solution  in  the  tube  has  become  perfectly  clear. 
The  sample  is  now  removed,  washed  into  a  color  carbon  tube  and  compared  with 
a  standard  steel  of  the  same  class  of  material  as  that  examined.  Full  details  of 
the  procedure  may  be  found  in  the  chapter  on  Carbon. 

Iron  and  steel  containing  graphite  must  be  filtered  before  making  comparisons. 
The  solution,  diluted  with  one-half  its  volume  of  water,  is  filtered  through  a  small 
filter  paper  into  a  test-tube.  The  residue  is  washed  with  a  fine  jet  of  distilled 
water  until  free  of  color.  The  filtrate  is  compared  with  a  standard  sample  of 
similar  composition  treated  in  the  same  way. 

Steel  containing  chromium,  copper,  nickel,  and  elements  yielding  a  colored 
solution  should  not  be  examined  by  the  colorimetric  methods. 

Method  of  the  Bureau  of  Standards.  Total  and  graphitic  carbon  are 
determined  and  the  difference  taken  as  combined  carbon. 
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Specifications  for  Combined  Carbon. 

Material.  Per  cent  Carbon. 

Boiler  rivets 0.15 

Seamless  boiler  tubes 0. 18-0.25 

Boiler  and  fire-box  plates 0. 15-0. 25 

Cylinder  grade  pig  iron 0.25-0. 50 

Forged  and  rolled  steel  wheels 0. 70-0. 75 

Steel  blooms  for  forgings,  open  hearth,  basic 0.40  0.55 

Steel  blooms  for  forgings,  acid 0 .  35-0 .  40 

Bolt  steel 0.22-0.28 

Spring  steel 0.90-1 .  10 

Crank  axles  forged 0. 35-0. 55     X 

Casting not  over  0. 35  / 

Tire  st«el 0.65-0.75^ 

Floor  gra<le  pig  iron , not  over  0 .  40 

Total  Carbon 

The  determinatk)!!  is  required  for  an  accurate  estimation  of  carbon  where 
the  color  test  indicates  the  carbon  content  outside  the  limits  of  requirement, 
or  in  cases  where  interfering  substances  are  present.  In  material  where  the 
carbon  content  is  of  extreme  importance,  the  color  method  is  not  used.  Details 
of  the  procedure  for  determining  «arbon  by  direct  combustion  are  given  in 
the  chapter  on  Carbon.  The  following  procedure  is  recommended  by  the 
Bureau  of  Standards: 

(a)  In  Irons.  Two  grams  of  iron  are  mbced  with  about  twdce  the  weight 
of  purified  ferric  oxide.  The  mixture  is  placed  in  a  platinum  boat,  which  is 
Uned  with  a  suitable  bed  material,  and  is  burned  in  a  current  of  oxygen,  as 
described  below. 

(6)  In  Steels.  The  method  is  the  same  as  for  irons  with  omission  of  the 
ferric  oxide  mixture. 

Details  of  Direct  Combustion  Method.  Furnaces  and  Temperature  of 
Burning,  Porcelain  tubes  wound  with  ^'nichrome"  wire,  provided  with  suit- 
able heat  insulation  and  electrically  heated,  are  used,  and  readily  give  tem- 
peratures to  1100®  C.  Type  FB  301  Hoskins  tube  furnace  and  the  hinged 
t3rpe,  Fig.  326,  are  satisfactory.  The  temperature  control  is  by  means  of  an 
ammeter  and  rheostat  in  series  with  the  furnace,  with  occasional  check  by  a 
thermocouple. 

Boats  and  Lining,  Platinum  boats  provided  with  a  long  platinum  wire  for 
manipulation  in  the  tube  are  mostly  used;  alundum  ones  occasionally.  The  bed 
or  lining  on  which  the  steel  rests  is  90-mesh  **RR  alundum,  alkali-free,  specially 
prepared  for  carbon  determination."  A  layer  of  this  alundum  is  also  placed 
in  the  bottom  of  the  combustion  tube  to  prevent  the  boat  sticking  to  the  glaze. 
A  platinum  cover  for  the  boat  is  sometimes  used,  and  is  essential  when  the 
combustion  is  forced. 

The  nature  and  quality  of  the  bed  material  are  matters  of  great  importance. 
Alumina  as  prepared  from  the  sulphate  or  from  alum  may  not  be  free  from 
sulphate  or  alkali,  both  of  which  have  given  serious  trouble  at  the  Bureau.  The 
alkali,  if  present,  may  not  manifest  itself  by  an  alkaline  reaction  until  after 
one  or  two  combustions  have  been  made,  using  the  same  bed  material.  Even 
the  ordinary  white  "alundum"  on  the  market  carries  a  few  hundredths  of  l^J 
of  alkali.     Iron  oxide  has  been  tried,  and  when  pure  should,  apparently,  give  good 


226  IRON 

service.  As  yet,  however,  it  has  been  difficult  to  obtain  or  prepare  acceptable 
material  for  use  with  steels.  Quartz  sand  gives  rise  to  a  fusible  slag,  which 
melting  before  combustion  is  complete,  incloses  bubbles  of  carbon  dioxide  gas. 
This  defect  would  probably  inhere  in  any  other  material  of  an  acid  character. 
The  presence  in  the  sUica  bed  after  combustion  of  crystals  which  appear  to  be 
carborundum,  have  occasionally  been  noted.^ 

Purity  of  Oxygen.  Blanks.  The  Bureau  makes  its  oxygen  electrolytically, 
and  its  content  of  this  element  is  usually  99  to  99.5%,  and  sometimes  higher. 
Even  with  this  gas  a  slight  blank  is  usually  obtained.  When  running  a  blank, 
in  additional  to  the  usual  precautions,  the  rate  at  which  the  oxygen  is  intro- 
duced should  be  the  same  as  when  burning  a  sample,  and  the  time  should  be 
three  to  five  times  as  long. 

Method  of  Admitting  Oxygen  and  Rate  of  Combustion.  The  furnace  being 
at  the  proper  temperature,  the  boat  containing  the  sample  is  introduced.  Oxygen 
is  admitted  either  at  once  or  after  the  boat  has  reached  the  temperature  of  the 
furnace,  as  the  operator  prefers,  or  as  the  nature  of  the  steel  may  denmnd. 
The  rate  of  flow  of  the  oxygen  varies  with  the  absorption  apparatus  used  and 
with  the  preference  of  the  operator,  and  may  be  considerably  more  rapid  when 
absorbing  carbon  dioxide  in  soda  lime  than  in  an  alkaUne  solution.  A  rapid 
flow  of  oxygen  also  facilitates  the  burning  of  resistant  samples.  A  continuous 
forward  movement  of  the  gas  current  is  maintained  at  all  times.  The  time 
for  a  determination  varies,  of  necessity,  with  the  nature  of  the  sample  and  the 
rate  of  flow  of  the  oxygen,  ranging  from  ten  to  thirty  minutes.  The  endeavor 
is  to  obtain  a  well-fused  oxide.  With  all  samples  close  packing  in  a  small  space 
is  conducive  to  rapid  combustion  and  to  fusion  of  the  resulting  oxide. 

Authorities  differ  as  to  the  advisabihty  of  allowing  the  oxide  of  iron  to  fuse 
thoroughly.  Even  when  fusion  does  take  place  additional  carbon  dioxide  is 
obtained  very  frequently  by  grinding  the  oxide  and  rebuming.  Often  more 
than  one  regrinding  and  reburning  is  necessary  in  order  to  reduce  the  amount 
of  carbon  dioxide  obtained  to  that  of  the  constant  blank. 

Oxides  of  sulphur  have  been  found  very  difficult  to  eliminate  from  the  gases 
leaving  the  tube.  Lead  peroxide  ("nach  Dennstedt")  heated  to  300°  C.  and 
zinc  at  room  temperature  appear  to  retain  them  best. 

Attention  is  called  to  the  inadmissibility  of  using  dry  agents  of  different 
absorptive  power  in  the  same  train,  in  positions  where  a  difference  could  possibly 
affect  results. 

Weighing  of  Tubes.  There  is  much  greater  difficulty  in  securing  constant 
conditions  when  weighing  absorption  tubes  than  is  usually  considered  to  be 
the  case.  Electrical  effects,  caused  by  wiping  as  a  preliminary  to  weigliing, 
may  occasionally  cause  errors  in  weight  running  into  the  milligrams.  The 
use  of  counterpoises  of  equal  volume  and  similar  nxaterial  and  shape  is  recom- 
mended. 

If  tubes  are  weighed  full  of  oxygen,  care  is  necessary  to  secure  a  uniform 
atmosphere  in  them.  Even  though  the  attempt  is  made  to  keep  the  apparatus 
always  lull  of  oxygen,  some  air  is  admitted  when  the  boat  is  pushed  into  the 
combustion  tube,  and  a  much  longer  tune  is  required  to  displace  this  than  is 
usually  allowed,  unless  the  flow  of  oxygen  during  aspiration  is  rapid.  The 
same  is  true  if  the  tubes  are  weighed  full  of  air  by  displacing  the  oxygen  left  in 
them  after  the  steel  is  burned.    Another  source  of  error  may  arise  from  the 

>  Statement  of  Mr.  George  M.  Berry,  of  the  Halcomb  Steel  Co/ 
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air  admitted  when  putting  the  boat  into  the  tube,  if  tliis  air  contains  much 

carbon  dioxide,  as  is  the  case  when  a  gas  furnace  is  used.  The  boat  is  usually 
pushed  at  once  into  the  hot  furnace,  and  as  combustion  begins  almost  imme- 
diately, there  is  no  opportunity  for  displacing  this  air  before  the  steel  begins 
to  bum. 

Graphite  in  Iron 

Two  grams  of  iron  are  dissolved  in  nitric  acid  (sp.gr.  1.20),  using  35  cc.  and 
heating  very  gently.  The  residue  is  collected  on  an  asbestos  felt,  washed  with 
hot  water,  then  with  a  hot  solution  of  potassium  hydroxide  (sp.gr.  1.10),  fol- 
loired  by  dilute  hydrochloric  acid  and  finally  by  hot  water.  After  drying  at 
100**  C,  the  graphite  is  burned  in  the  same  manner  as  the  total  carbon,  but 
without  admixture  of  ferric  oxide. 

Manganese  in  Iron  and  Steel.    Ammonium  Persulphate  Method 

Small  amounts  of  manganese  may  be  determined  colorimetrically  by  the 
persulphate  method,  provided  the  sample  does  not  contain  over  1.5%  of  man- 
ganese. The  preceding  given  in  detail  in  the  chapter  on  Manganese,  page  267, 
in  brief  is  as  follows: 

Reaction.    2Mn(NO,),+5(NH4),S,0,-f8H,0 

=5(NH4),S04+5H2S04-f4HNO,+2HMn04. 

0.1  to  0.2  gram  of  steel,  according  to  the  amount  of  manganese  in  the  sample, 
is  placed  in  a  10-in.  test-tube  and  10  cc.  of  nitric  acid  (sp.gr.  1.2)  are  added. 
The  sample  is  heated  in  a  water  bath  imtil  the  nitrous  fumes  are  driven  off  and 
the  steel  is  completely  in  solution.  Fifteen  cc.  of  silver  nitrate  solution  are 
added  to  the  cooled  sample,  followed  immediately  with  about  1  gram  of  ammo- 
nium persulphate  crystals.  The  solution  is  warmed  (80  to  90**  C.)  until  the 
color  commences  to  develop,  and  then  for  half  a  minute  longer,  and  then  placed 
in  a  beaker  of  cold  water  until  the  solution  is  cold.  Comparison  is  now  made 
with  a  standard  steel  treated  in  the  same  way.  The  comparison  being  made 
exactly  as  indicated  for  determining  carbon  by  the  color  method.  See  chapter 
on  Carlxin. 

Example.  If  the  standard,  containing  0.6%  Mn  is  diluted  to  15  cc,  each 
cc.  «0.04%  Mn.  If  the  sample  required  a  dilution  of  20  cc.  to  match  the 
standard,  then  0.04X20  -0.8%  Mn. 

Lead  Oxide  Method    ( Deshey)  • 

Oxidation  of  the  manganese  in  the  steel  is  effected  in  a  nitric  acid  solution 
by  addition  of  red  lead  (or  by  lead  peroxide);  the  lead  peroxide,  formed  oxidizes 
the  manganese  nitrate  to  permanganic  acid.  The  solution  is  now  titrated  with 
standard  sodium  arsenite,  the  following  reaction  taking  place: 

2HMn04+5Na,AfiO,+4HNO,=5Na,As04+3H,0-|-2Mn(NO,),. 

0.5  gram  of  steel  is  placed  in  a  150-cc.  beaker  and  dissolved  with  about 
30  cc.  of  nitric  acid  (sp.gr.  1.12).    After  violent  action  has  subsided,  the  beaker 
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is  placed  on  a  hot  plate  and.  when  the  iron  lias  dissolved,  20  cc.  of  water  added. 
The  manganese  is  now  oxidized  by  adding  red  lead  in  small  portions  at  a  time, 
until  the  solution  appears  brown  with  a  pinkish  purple  foam  on  the  surface. 
The  solution  is  diluted  with  hot  water  until  the  volume  is  about  100  cc.  and 
then  boiled  for  a  feW  minutes.  It  is  now  placed  in  a  dark  closet  to  cool.  (A 
fresh  batch  of  samples  may  be  started  in  the  meantime.)  The  solution  is 
carefully  decanted  off  from  the  peroxide,  and  with  the  washings  of  the  peroxide 
residue,  titrated  with  standard  sodium  arsenite  to  the  yellowish  green  end- 
point.  The  sodium  arsenite  is  made  by  dissolving  4.96  grams  of  .pure  arsenous 
acid  together  with  25  grams  of  sodium  carbonate  in  200  cc.  of  hot  water  and  the 
solution  diluted  to  2500  cc.  The  arsenite  is  standardized  against  a  steel  sample 
of  known  manganese  content,  or  against  standard  permanganate  solution. 

Bismuthate  Method  for  Determining  Manganese,  Recommended 

by  the  (J.  S.  Bureau  of  Standards^ 

This  is  the  most  accurate  method  for  determining  manganese  in  iron  and 
steel.    The  procedure  is  as  follows: 

Procedure.  One  gram  of  drillings  is  dissolved  in  50  cc.  of  nitric  acid 
(sp.gr.  1.135)  in  a  2()0-cc.  Erlenmeyer  flask.  Irons  should  be  filtered.  The 
solution  is  cooled,  about  0.5  gram  of  sodium  bismuthate  is  added,  and  it  is 
then  heated  until  the  pink  color  has  disappeared.  Any  manganese  dioxide 
separating  is  dissolved  in  a  slight  excess  of  a  solution  of  ferrous  sulphate  or 
sodium  sulphite.  The  solution  is  boiled  till  free  from  nitrous  fumes.  After 
cooUng  to  15°  C,  a  slight  excess  of  bismuthate  is  added  and  the  flask  is  shaken 
vigorously  for  a  few  minutes.  Then  50  cc.  of  3%  nitric  acid  is  added  and  the 
solution  is  filtered  through  asbestos.  A  measured  excess  of  ferrous  sulphate 
is  run  in  and  the  excess  titrated  against  permanganate  solution  which  has  been 
compared  with  the  iron  solution  on  the  same  day.  A  great  many  steels  now 
carry  small  amounts  of  chromium  as  impurity.  In  such  cases  titration  against 
arsenite  solution  is  recommended,  or  removal  of  the  chromium  by  zinc  oxide  and 
subsequent  determination  of  the  manganese  by  the  bismuthate  method. 

Permanganate  solutions  are  standardized  against  sodium  oxalate  (Bur.  Stds. 
Sample  No.  40)  as  prescribed  by  McBride.* 

Specifications  for  Manganese  in  Iron  and  Steel 

Material.  Percentage  of  Manganese. 

Boiler  rivets 0.30-0.60 

Boiler  and  fire-box  plates not  over  0. 45 

Seamless  boiler  tubes 0 .  40-0 .  65 

Floor-grade  pig  iron not  over  0. 80 

Cylinder-grade  pig  iron 0.50-0.80 

Forged  and  rolled  steel  wheels 0.60-0.80 

Steel  blooms  lor  forgings not  over  0.70 

Bolt  steel not  under  0.50 

Spring  steel not  over  0 .  50  (0 .  25  desired) 

Crank  axles,  forged not  over  0 .  75 

Castings not  over  0. 75 

Tire  steel 0.50-0.75 

1  See  i)age  263.  * 

2  Bull.  Bur.  Sds.,  8,  641.     J.  Am.  Chem.  Soc,  84,  393,  1912. 
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Determination  of  Phosphorus 

The  procedures  outlined  by  the  Bureau  of  Standards  are  generally  used  in  steel 
works  laboratories. 

(a)  Preparation  of  Solution  and  Precipitation  of  Phosphorus.  Two 
grams  of  sample  are  dissolved  in  nitric  acid  (sp.gr.  1.135)  and  the  solution  is 
boiled  until  brown  fumes  no  longer  come  off.  Ten  cc.  of  permanganate  solu- 
tion (15  grams  to  1  liter)  are  added,  and  the  boiUng  is  continued.  Sodium  sul- 
phite solution  is  added  to  dbsolve  the  oxide  of  manganese,  and  the  solution  is 
again  boiled  and  then  filtered.  With  irons  the  insoluble  residue  should  be  tested 
for  phosphorus.  After  cooling  the  filtrate,  40  cc.  of  ammonia  (sp.gr.  0.96)  are 
added,  the  solution  is  agitated,  and  when  the  temperature  is  at  40®  C,  40  cc. 
of  molylxiate  solution  »  are  added  and  the  solution  is  shaken  vigorously  for 
five  minutes.  After  settling  out,  the  yellow  precipitate  is  treated  according  to 
one  of  the  following  methods,  6  or  c: 

(b)  Alkalimetric  Method.  The  precipitate  is  washed  with  1%  nitric  acid 
solution  followed  by  0.1%  potassium  nitrate  solution  until  the  washings  are 
no  longer  acid.  The  precipitate  is  dissolved  in  a  measured  excess  of  standard- 
ized sodium  hydroxide  solution  and  titrated  back  with  standardized  nitric  acid 
using  phenolphthalein.  The  solutions  are  standardized  against  a  steel  w^ith 
a  known  amount  of  phosphorus. 

(c)  Molybdate  Reduction  Method.  The  precipitate  is  washed  ten  to 
fifteen  times  with  acid  ammonium  sulphate  (prepared  according  to  Blair)  or 
until  the  washings  no  longer  react  for  iron  or  molybdenum.  It  is  dissolved 
in  25  cc.  of  ammonia  (5  cc.  ammonia  of  0.90  sp.gr.  to  20  cc.  water).  The  filter 
is  washed  well  with  water  and  10  cc.  of  strong  sulphuric  acid  added  to  the 
filtrate,  which  is  run  through  the  reductor  at  once  and  titrated  against  a  N/30 
permanganate  solution  which  has  been  standardized  against  sodium  oxalate, 
as  prescribed  by  McBride.* 

Specifications  for  the  Amount  of  Phosphorus 

CUss  of  Material.  «K^„^;*'!*n  °i£**°*" 

phorus  Allowed,  per  cent. 

Boiler  steel 0.05 

Forged  and  rolled  steel  wheeld 0:05 

Steel  blooms  for  forgings 0. 05 

Crank  axles 0.05 

Tire  and  bolt  steel 0.05 

Spring  steel 0.05 

Spring  steel  desired 0.03 

Fire-box  plates 0.03 

Castings 0.06 

Floor-^jade  pig  iron 0 .5-0.9 

Cylinder  iron 0.5-0.9 


• 


Determination  of  Sulphur 

Rapid-evolution  Method.  Volumetric.  Five  grams  of  iron  or  steel  arc 
placed  in  a  500-cc.  Erlenmeyer  flask,  provided  with  a  two-holed  rubber  stopper, 
through  which  passes  a  lon^^-stem   thistle  tube  reaching  to  the  bottom  of  the 

1  Blair,  "Chemical  Analysis  of  Iron,"  (7th Fxi.),  p.  97. 

s  Bull.  Bur.  Stds.,  8,  641.    J.  Am.  Chem.  Soc,  S4,  393,  1912. 
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flask,  and  a  delivery-bulb  condenser,  connected  by  means  of  a  rubber  tube  to 
an  absorption  bulb.  (See  sketch  of  apparatus  in  the  chapter  on  Sulphur,  volu- 
metric methods,  page  399.) 

About  25  to  35  cc.  of  an  ammoniacal  solution  of  cadmium  chloride  are  placed 
in  the  absorption  bulb,  the  apparatus  connected  and  about  100  cc.  of  dilute 
hydrochloric  acid  (sp.gr.  1.1)  poured  through  the  thistle  tube  into  the  flask 
containing  the  drillings.  The  mixture  is  heated  gently  until  the  sample  goes 
into  solution  and  then  boiled  until  steam  escapes  from  the  apparatus.  The 
reagent  in  the  absorption  bulb  should  remain  alkaline,  otherwise  a  loss  of  sulphur 
is  apt  to  occur. 

The  absorption  bulb  is  now  disconnected  and  the  contents  emptied  into  a 
400-cc.  beaker  and  the  bulb  washed  out  with  dilute  hydrochloric  acid  after 
first  rinsing  out  once  or  ^  twice  with  water.  The  solution  is  now  diluted  to 
about  300  cc,  and  if  not  already  acid,  is  made  so  by  addition  of  more  hydrochloric 
acid. 

Two  to  3  cc.  of  starch  indicator  are  added  and  the  mixture  titrated 
with  standard  iodine,  stirring  constantly  during  the  titration.  A  permanent 
blue  color  in  the  end-point  sought.  If  much  cadmium  sulphide  is  present 
additional  hydrochloric  acid  may  be  required. 

The  number  of  cc.  of  iodine  solution  required  multiplied  by  the  factor  of 
iodine  to  sulphur  gives  the  amount  of  sulphur  present  in  the  sample  taken. 

Notes.    For  a  more  complete  description  of  the  procedure  see  chapter  on  Sulphur. 

With  certain  pig  irons  low  results  are  apt  to  be  obtained  by  the  evolution  method. 
For  such  the  gravimetric  method  given  is  recommended. 

Gray  iron  will  evolve  all  its  sulphur  as  HsS,  white  iron,  gray  water-chilled  iron, 
gives  up  only  part  of  its  sulphur  by  the  evolution  method.  The  method  gives  low 
results  for  high  carbon  steel. 

In  place  of  absorbing  the  HiS  in  cadmium  chloride,  the  Bureau  of  Standards 
recommends  absorption  in  an  ammonicaal  solution  of  hydrogen  peroxide  (5  cc.  HjOj 
3%  4-25  cc.  NH4OH,  sp.gjr.,  0.90).  The  sulphuric  acid  formed  is  precipitated  from 
a  slightly  hydrochlonc  acid  solution,  by  barium  chloride  and  weighed  as  BaSO^. 


Method  by  the  U.  S.  Bureau  of  Standards.    Qravimetric 

Sulphur  by  Oxidation 

Five  grams  of  iron  or  steel  are  dissolved  in  a  400-cc.  Erlenmeyer  flask,  using 
50  cc.  of  strong  nitric  acid.  A  little  sodium  carbonate  is  added,  the  solution 
is  evaporated  to  dr>'ness,  and  the  residue  baked  for  an  hour  on  the  hot  plate. 
To  the  flask  30  cc.  of  strong  hydrochloric  acid  are  added,  and  the  evaporation 
and  baking  are  repeated.  After  solution  of  the  iron  in  another  30  cc.  of  strong 
hydrochloric  acid  and  evaporation  to  a  sirupy  consistency,  2  to  4  cc.  of  the 
same  acid  are  added,  followed  by  30  to  40  cc.  of  hot  water.  The  solution  is  then 
filtered  and  the  residue  washed  with  hot  water.  The  sulphur  is  precipitated 
in  the  cold  filtrate  (about  100  cc.)  with  10  cc.  of  a  10%  solution  of  barium 
chloride.  After  forty-eight  hours  the  precipitate  is  collected  on  a  paper  filter, 
washed  first  with  hot  water  (containing  10  cc.  of  concentrated  hydrochloric  acid 
and  1  gram  of  barium  chloride  to  the  liter)  until  free  from  iron  and  then  with 
hot  water  till  free  from  chloride;  or,  first  with  cold  water,  then  with  25  cc. 
of  water  containing  2  cc.  of  concentrated  hydrochloric  acid  to  the  liter.    The 
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washings  are  kept  separate  from  the  main  filtrate  and  are  evaporated  to  recover 
dissolved  barium  sulphate. 

With  irons  the  paper  containing  the  insoluble  residue  above  mentioned  is 
put  into  a  platinum  crucible,  covered  with -sodium  carbonate  free  from  sulphur, 
and  charred  without  allowing  the  carbonate  to  melt.  The  crucible  should 
be  covered  during  this  operation.  Sodium  nitrate  is  then  mixed  in  and  the 
mass  fused  with  the  cover  off.  An  alcohol  flame  is  used  throughout.  The  melt 
is  dissolved  in  water  and  evaporated  with  hydrochloric  acid  in  excess  to  dryness 
in  porcelain.  The  evaporation  with  water  and  hydrochloric  acid  is  repeated 
to  insure  removal  of  nitrates.  The  residue  is  extracted  with  a  few  drops  of 
hydrochloric  acid  and  water,  the  insoluble  matter  is  filtered  off,  and  barium 
chloride  is  added  to  the  filtrate.  The  barium  sulphate  obtained  is  added  to 
the  main  portion. 

Careful  blanks  are  run  with  all  reagents. 

Specifications  for  Sulphur  in  Iron  and  Steel 

Material.  ^P^l^*'*"^*"*' 

per  cent. 

Seamless  boiler  tubes must  be  below  0.05 

Cylinder  iron 0.05 

Forged  and  rolled  steel  wheels 0.05 

Steel  blooms  for  forgings,  basic  and  acid  open  hearth 0. 05 

Bolt  steel 0.05         < 

Spring  steel 0. 05 

Cfrank  axles 0 .  05 

Tire  steel 0.05 

Castings 0.06 

Boiler  rivets 0. 04 

Floor-grade  iron 0. 04 

Boiler  plates 0.035 

Fire-box  plates 0 .035 

Amount  desired  in  spring  steel 0.030 

Muck  bar  iron 0.02 

Determination  of  Silicon        ^ 

One  gram  of  pig  iron,  cast  iron,  and  high  silicon  iron,  or  5  grams  of  steel, 
wrought  iron,  and  low  silicon  iron  are  taken  for  analysis.  (By  taking  multiples 
of  the  factor  weight  0.4693,  SiOi  to  Si,  the  final  calculation  is  simplified.)  The 
sample  is  placed  in  a  250-cc.  beaker  and  20  to  50  cc.  of  dilute  nitric  acid  added. 
If  the  action  ia  violent,  cooling  the  beaker  in  water  is  advisable.  When  the 
reaction  subsides,  20  cc.  of  dilute  sulphuric  acid,  1:1,  are  added,  the  mixture 
placed  on  the  hot  plate  and  evaporated  to  dense  white  fimies.  The  residue 
Ls  taken  up  with  150  cc.  of  water  containing  2  to  5  cc.  of  sulphuric  acid  and 
heated  until  the  iron  completely  dissolves. 

The  solution  is  filtered  and  the  silica  residue  washed  first  with  hot  dilute 
hydrochloric  acid,  sp.gr.  1.1,  and  then  with  hot  water  added  in  small  portions 
to  remove  the  iron  sulphate.    The  residue  is  now  ignited  and  weighed  as  silica. 

Note.  If  the  ash  is  colored  by  iron  oxide,  silica  is  determined  by  difference, 
after  expelling  the  silica  by  adding  4  to  5  cc.  of  hydrofluoric  acid  and  a  few  drops  of 
fiiilphunc,  taking  to  dryness  and  igniting   he   esidue. 

The  following;  acid  mixtures  are  recommended  jy  the  U.  P.  Ry.  For  steel,  wTought 
iron  and  low  sihoon  iron,  8  parts  by  volume  of  HNOi,  sp.gr.  1.42;  4  parts  of  cone. 
HjS04,  8p.gr.  1.84;   6  parts  HCl,  sp.gr.  1.2  and  15  parts  by  volimie  of  water.    For 
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dissolving  pig  iron,  cast  iron  and  high  silicon  iron,  a  mixture  of  8  parts  by  volume 
of  strong  nitric  acid  and  5  parts  of  strong  sulphuric  acid,  diluted  with  17  volumes  of 
water  is  used. 

Rapid  Method  for  Determining  Silicon  in  Foundry  Work.  Liquid  iron, 
dropped  into  cold  water  from  a  ladle  3  ft.  above  the  water,  will  form  shot  shaped 
according  to  forms  resulting  from  its  chemical  constitution,  silicon  being  an 
important  factor.  Round  shot,  concave  upper  surface,  i  to  f  in-  in  diameter, 
indicate  over  2%  silicon.  Flat,  or  irregular  shot  indicate  low  silicon.  Shot  with 
elongated  tails  indicate  ver>'  low  silicon. 

Method  of  the  U.  S.  Bureau  of  Standards  for  Silicon 

The  insoluble  residue  obtained  in  preparing  the  iron  or  steel  for  the  gravi- 
metric sulphur  determination  is  filtered  off,  ignited  in  platinum,  and  weighed. 
Evaporation  with  a  little  hydrofluoric  acid  and  1  drop  of  sulphuric  acid  and 
subsequent  ignition  gives  by  the  loss  of  weight  silica  corresponding  to  the 
silicon  of  the  sample. 

Specifications  for  Silicon  in  Iron  and  Steel 

Material.  Amount  of  Silicon,  per  cent. 

Boiler  and  fire-box  plates not  over  0 .  03 

Floor-grade  jng  iron 2 .  25-2 .  75 

Cylinder-grade  pig  iron 1 .  25-1 .  60 

Forged  and  rolled  steel  wheels not  over  0.20 

Spring  steel not  over  0. 25  (0 .  15  desired) 

Tire  steel under      0. 25 
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Wilfred  W.  Scott 

Pb,  at.wt.  207.2;  sp.gr.  11.34;  m.p.  327**;  b.p.  1525*0;  oxides,  PbO, 

PbO„  Pb,04. 

DETECTION 

Hydrochloric  acid  precipitates  lead  incompletely  from  its  cold  solution  as 
white  PbCU,  soluble  in  hot  water  by  which  means  it  is  separated  from  mercurous 
chloride  and  silver  chloride.  PbCU  forms  needle-like  cr>'8tals  upon  cooling  the 
extract. 

Hydrogen  sulphide  precipitates  black  PbS  from  slightly  acid  solutions  along 
with  the  other  elements  of  the  group.  ^  Yellow  ammonium  sulphide,  sodium 
sulphide  and  the  fixed  alkalies  dissolve  out  arsenic,  antimony  and  tin.  The 
sulphide  of  lead,  together  with  bismuth,  copper  and  cadmium,  dissolve  in  hot 
dilute  nitric  acid,  leaving  mercuric  sulphide  insoluble.  The  extract  evaporated 
to  dr}Tiess  and  then  to  S0|  fumes,  after  addition  of  sulphuric  acid,  expels  nitric 
acid.  Upon  adding  water  to  the  residue  and  boiling  with  a  little  additional 
sulphuric  acid  the  sulphates  of  bismuth,  copper  and  cadmium  are  dissolved  out, 
lead  sulphate  remaining  as  a  white  residue. 

Ijead  may  be  further  confirmed  by  dissolving  the  sulphate  in  anunonium 
acetate  (barium  sulphate  is  very  slight^  soluble,)  and  precipitating  the  yellow 
chromate,  PbCr04,  by  addition  of  potassium  dichronxate  solution. 

ESTIMATION 

The  determination  of  lead  is  required  in  valuation  of  its  ores — galena, 
PbS;  anglesite  PbSOi;  cerussite,  PbCOi;  krokoite,  PbCrOi;  pyromorphite, 
SPbjPjOfPbCU.  It  is  determined  in  lead  mattes;  certain  slags;  drosses  from 
hard  lead;  cupel  bottoms;  skimmings;  lead  insecticides  (arsenate  of  lead); 
paint  pigments  such  as  white  lead,  red  lead,  yellow  and  red  chromates,  etc. 
It  is  determined  in  alloys  such  as  solder,  type  metal,  bell  metal,  etc.  The  esti- 
mation is  necessary  in  the  complete  analysis  of  a  large  number  of  ores,  especially 
in  minerals  of  antimony  and  arsenic.  Traces  of  lead  are  determined  in  certain 
food  products  where  its  presence  Ls  undesirable. 

Preparation  and  Solution  of  the  Sample 

In  dLss^)lvin^lca<l,  its  alloys,  or  ores  the  following  facts  will  be  recalled. 
Hot,  dilute  nitric  acid  is  the  best  solvent  of  the  metal.     I-oad  nitrate  is  insol- 

*  Ijevid  precipitates  best  from  solutions  contAining  1  cc.  of  concentrated  free  hydro- 
chloric acid  (9p.n-  1.19)  for  each  100  re.  of  solution.  The  sulphide  is  appreciably 
soluble  if  the  acidity  is  increased  to  3  cc.  HCl  per  100  of  solution. 
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uble  in  concentrated  nitric  acid,  but  dissolves  readily  upon  dilution  with  water. 
The  metal  is  insoluble  in  dilute  sulphuric  acid,  but  dissolves  in  the  hot,  concen- 
trated acid.  Although  not  soluble  in  dilute  hydrochloric,  it  dissolves  in  the 
hot,  concentrated  acid,  especially  in  presence  of  the  halogens  chlorine,  bromine 
and  iodine.  The  metal  is  soluble  in  glacial  acetic  acid.  The  salts  are  soluble  in 
hot,  dilute  nitric  acid.  In  dissolving  sulphide  ores  it  should  be  kept  in  mind  that 
strong  nitric  acid  will  form  some  lead  sulphate  which  will  be  precipitated  upon 
dilution  of  the  solution.  Oxidation  is  less  apt  to  occur  with  the  dilute  acid. 
Silicates  and  slags  require  fusion  with  sodium  carbonate  and  potassium  car- 
bonate. The  cooled  mass  may  then  be  extracted  with  hot  water  to  remove  silica 
and  the  residue  containing  the  carbonates  of  the  heavy  metals  dissolved  in 
dilute  nitric  acid.    Lead  salts  are  soluble  in  ammonium  ace  cat  e. 

Ores,  Minerals  of  Lead,  etc.  One  gram  of  ore  if  rich  in  lead  (galena), 
or  more  if  the  lead  content  is  low,  is  placed  in  a  platinum  dish  and  40  to  50  cc. 
of  a  mixture  of  one  part  concentrated  sulphuric  acid  (sp.gr.  1.84)  and  three  pwirts 
of  concentrated  nitric  acid  (sp.gr.  1.42)  added.  The  covered  dish  is  heated 
gently  until  the  violent  action  has  ceased,  the  cover  is  then  rinsed  off  and  10 
to  15  cc.  of  hydrofluoric  acid,  HF,  added.  The  mixture  is  evaporated  to  SOj 
fumes  (hood),  but  not  to  dryness,  and  cooled.  The  concentrate  is  diluted  with  100 
cc.  of  distilled  water  and  digested  on  the  steam  bath  until  the  salts  are  in  solution. 
The  insoluble  lead  sulphate  is  filtered  and  washed  with  10%  sulphuric  acid  solu- 
tion and  finally  with  50%  alcohol. 

It  may  be  advisable,  in  certain  cases,  to  open  up  the  ore  with  nitric  acid 
or  aqua  regia,  followed  by  sulphuric  acid  and  hydrofluoric  acid. 

Iron  Pyrites  and  Ores  with  Large  Amounts  of  Impurities  with  Small 
Amounts  of  Lead.  Ten  grams  of  the  sample  or  more,  if  lead  is  present  in 
very  small  amounts  (less  than  0.1%),  are  taken  for  analysis,  and  50  cc.  of  a 
mixture  of  potassium  bromide  and  bromine  solution  added  (75  grams  of  KBr 
dissolved  in  400  cc.  of  water  and  50  cc.  of  bromine  added).  After  ten  to 
fifteen  minutes  about  50  cc.  of  concentrated  nitric  acid  are  added  and  after  the 
violent  reaction  has  ceased  25  to  30  cc.  of  concentrated  hydrochloric  acid  and  the 
solution  is  evaporated  on  the  hot  plate  to  near  dryness.  Fifty  cc.  of  C.P.  (lead 
free)  concentrated  sulphuric  acid  is  now  added  and  the  sample  taken  to  fumes 
of  SOi  on  a  sand  bath.  After  cooling,  the  concentrate  is  diluted  to  500  cc. 
with  water,  about  5  cc.  of  strong  sulphuric  acid  added^  the  solution  heated  to 
boiling  and  cooled.  The  precipitate  is  filtered  by  decantation  onto  a  fine-grained 
filter  (quality  of  an  S.  &  S.  590  or  B.  &  A.  grade  A),  the  residue  boiled  vnth  more 
water  containing  H2SO4  and  again  decanted.  This  is  repeated  until  all  the  iron 
sulphate  is  removed.  (The  filtrates  should  be  kept  several  hours  to  see  whether 
any  of  the  lead  has  passed  through  the  paper  in  a  colloidal  condition.)  The 
precipitate  is  finally  poured  on  the  filter  and  washed  with  2%  H2SO4.  Impure 
residues  are  extracted  for  lead  with  ammonium  acetate. 

Solution  of  Lead  Alloys.  As  a  rule  these  are  best  decomposed  by  treating 
0.5  to  1 .0  gram  of  the  material,  or  more  as  the  case  may  require,  with  a  hot 
solution  of  nitric  acid,  1:1,  and  evaporating  the  solution  to  low  bulk,  but  not 
to  dr>Tiess.  Hot  water  is  now  added  and  the  material  boiled  and  the  soluble 
portion  filtered  off.  The  insoluble  material  is  digested  with  concentrated  hydro- 
chloric acid  to  which  a  little  bromine  has  been  added.  Boiling  the  mixture 
will  generally  effect  solution.  (It  must  be  remembered  that  lead  chloride  is 
diflScultly  soluble  in  cold  dilute  solutions.)    The  lead  is  converted  to  PbS04 
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by  addition  of  sulphuric  acid  and  taking  to  SOs  fumes  as  in  case  of  ores.  The 
purification  of  the  impure  sulphate  will  be  given  later. 

Lead  may  be  precipitated  as  the  chloride  in  the  presence  of  a  large  excess  of 
absolute  alcohol  and  filtered  free  practically  'rom  impurities. 

Brass  and  bronze  may  be  dissolved  in  hot  dilute  nitric  acid,  1:1.  Bearing 
metal  is  best  treated  with  a  mixture  of  hydrochloric  acid  5  parts  and  nitric  acid 
1  part. 

SEPARATIONS 

Separation  of  Lead  as  Sulphate.  Lead  is  most  frequently  separated  from 
other  metals  by  precipi  ation  as  sulphate,  PbSOi,  according  to  the  details  given 
under  "  Preparation  and  Solution  of  the  Sample."  In  the  presence  of  much  bis- 
muth or  iron  it  is  necessary  to  wash  the  precipitate  with  a  10%  sulphuric  acid 
solution  to  ke  p  the  bismuth  in  solution  and  to  prevent  the  formation  of  the  dif- 
ficultly soluble  basic  ferric  sulphate.  In  absence  of  appreciable  amounts  of 
these  elements  the  lead  sulphate  is  more  completely  separated  by  adding  to  the 
dilute  sulphuric  acid  solution  an  equal  volume  of  alcohol,  filtering  and  washing  the 
residue  with  60%  alcohol. 

Sefiaration  of  Lead  from  Barium.  In  the  analysis  of  minerals  containing 
barium,  the  insoluble  sulphate,  BaSO^,  will  be  precipitated  with  lead.  Since 
barium  sulphate  is  slightly  soluble  in  ammonium  acetate  it  will  contaminate  the 
lead  in  the  subsequent  extraction  by  this  reagent.  The  presence,  however,  of  a 
little  sulphuric  acid,  renders  this  solubility  practically  neglig  ble.  The  sulphuric 
acid  should  not  exceed  1-2%  in  the  ammonium  acetate  reagent,  as  lead  sulphate 
will  precipitate  if  suflScient  sulphuric  acid  is  added  to  the  acetate  extract.  (Lead 
sulphate  is  precipitated  almost  corpletely  if  the  acetate  solution  contains  10% 
sulphuric  acid.) 

Lead  may  be  separated  from  barium  sulphate  by  digesting  the  mixed  sulphates 
with  ammonium  carbonate  solution,  whereby  the  lead  sulphate  is  transposed  to  lead 
carbonate  and  ammonium  sulphate,  while  barium  sulphate  is  not  changed.  The 
soluble  ammonium  sulphate  may  be  washed  out  with  ammonium  solution  followed 
by  water.  Since  lead  carbonate  is  slightly  soluble  in  the  ammonium  salt,  the 
filtrate  is  treated  with  hydrogen  sulphide  and  the  dissolved  lead  recovered  as 
PbS.  The  residue  containing  lead  carbonate  and  barium  sulphate  is  treated  with 
dilute  nitric  or  acetic  acid.  Lead  passes  into  solution,  while  barium  sulphate 
remains  insoluble. 

Extraction  of  Lead  from  the  Impure  Sulphate  by  Anunonium  Acetate.  The 
filter  containing  the  impure  sulphate,  obtained  by  one  of  the  procedures  for 
solution  of  the  sample,  is  placed  in  a  casserole  and  extracted  with  about  50  cc. 
of  hot,  slightly  anunoniacal  ammonium  acetate,  the  stronger  the  acetate  the 
better.  The  clear  liquid  is  decanted  through  a  filter  and  the  extraction  repeated 
until  the  residue  is  free  from  lead  (i.e.,  no  test  is  obtained  for  lead  with 
KiCriOr).  A  very  effective  method  of  extraction  is  by  adding  solid  ammonium 
acetate  directly  to  the  sample  on  a  filter  and  pouring  over  it  a  hot  solution  of 
ammonium  acetate.  The  filtrate  containing  the  pure  lead  acetate  solution  may 
now  be  examined  by  one  of  the  following  procedures. 

Lead  sulphate  containing  arsenic  should  be  dissolved  in  ammonium  acetate, 
the  extract  made  alkaline  and  lead  precipitated  as  PbS.  Arsenic  remains  in  solu- 
tion. 
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The  isolation  of  minute  quantities  of  lead  from  large  amounts  of  other  sub- 
stances is  described  under  "Gravimetric  Methods  for  Traces  of  Lead." 


GRAVIMETRIC  METHODS 

Determination  of  Lead  as  the  Sulphate,  PbS04 

Procedure.  The  sample  having  been  dissolved  according  to  a  method  out- 
lined, the  lead  precipitated  as  PbSOi  by  addition  of  an  excess  of  sulphuric  acid,  and 
taking  to  S0»  fumes,  the  lead  sulphate  is  filtered  off,  upon  coolhig  and  diluting 
the  sample.  The  PbS04  is  washed  with  water  containing  10%  H1SO4  until  free 
from  soluble  impurities.  If  insoluble  sulphates  or  silica  are  present  the  lead  must 
be  purified.  If  such  impurities  are  known  to  be  absent  (alloys),  the  sulphate 
may  be  filtered  directly  onto  an  asbestos  mat  in  a  tared  Gooch  crucible,  dried, 
then  ignited  to  dull  red  heat,  cooled  and  finally  weighed  as  PbSOi.  In  the  analysis 
of  ores,  however,  it  is  generally  advisable  to  purify  the  sulphate. 

Purification  of  Lead  Sulphate.  Details  of  the  procedure  have  been  given 
under  Separations — Extraction  of  Lead  from  the  Impure  Sulphate.  The  lead 
sulphate  having  been  brought  into  solution  by  extraction  with  strong  anunonium 
acetate  solution,  the  excess  acetic  acid  is  volatilized  by  evaporation,  the  residue 
cooled  and  diluted  with  water.  An  excess  of  sulphuric  acid  is  added  and  the 
precipitated  sulphate  is  filtered  off,  washed  with  dilute  sulphuric  acid  and 
alcohol,  dried  at  about  1 10°  C.  and  weighed. 

PbSO4X0.6831  =Pb.  Pb  multiplied  by  100  and  divided  by  weight  of  sample 
taken  equals  per  cent. 

Notes.  Lead  sulphate  may  be  precipitated  from  ammonium  acetate  solution 
by  adding  sulphuric  acid  until  the  solution  contains  approximately  10%  HsSOi. 

An  acetate  extraction  may  not  be  necessary,  as  is  generally  the  case  in  the  anal3r8i8 
of  alloys.  In  analysis  of  ores,  however,  Pb804  may  be  contaminated  by  sulphates  of 
the  alkaline  earths  and  by  silica.  The  difficultly  soluble  oxides  of  iron  and  alumina 
may  also  be  i)reaent . 

If  arsenic  is  in  the  sulphate  it  will  pass  into  the  filtrate  with  the  lead. 


Determination  of  Lead  as  the  Chromate,  PbCr04 

This  excellent  method  is  applicable  to  a  large  class  of  materials  and  is  of 
special  value  in  precipitation  of  lead  from  an  acetic  acid  solution,  the  method 
depending  upon  the  insolubility  of  lead  chromatc  in  weak  acetic  acid. 

Procedure.  The  solution  of  the  sample,  precipitation  of  the  lead  as  the 
sulphate  and  extraction  of  lead  with  anmionium  acetate  have  been  given  in  detail. 

The  filtrate,  containing  all  the  lead  in  solution  as  the  acetate,  is  acidified 
slightly  with  a^'ctic  acid  and  heated  to  boiling.  I^ead  is  precipitated  by  addition 
of  poiassium  dichromate  solution  in  excess  (10  cc.  of  5%  KjCriOr  solution  are  gen- 
erally sufficient).  The  solution  is  briled  until  the  yellow  precipitate  turns  to  a 
shade  of  orange  or  red.'  The  precipitate  is  allowed  to  settle  until  the  super- 
natant solution  is  clear.  (This  should  appear  yellow  with  the  excess  of  dichromate 
reagent.)     The  PbCK)4  is  filtered  onto  an  asbestos  mat  in  a  tared  Gooch  cru- 

'  The  yellow  precipitate  gives  high  results,  since  it  is  difficult  to  wash.  The  crys- 
talline orange  or  red  compound  may  be  quickly  filtered  and  washed. 
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cible,  washed  with  water,  dried  in  an  oven  at  about  110**  C.  and  the  cooled 
compound  weighed  as  PbCr04. 

Ph  VlOO 
PbCrO4X0.641  =Pb.     ,,./   '  i   =per  cent  Pb. 

Wt.  of  sample 

Notes.  Impurities,  such  as  iron,  copper,  cadmium,  etc.,  in  the  acetate  solution  of 
lead  seriously  interfere  in  the  chromate  precipitation.  These  should  be  leached  out 
with  water  containing  a  little  sulphuric  acid  before  extracting  the  lead  sulphate  with 
ammonium  acetate.    See  remarks  under  section  on  Traces  of  Lead. 

If  a  standard  solution  of  potassium  dichromate  is  used  in  the  precipitation 
of  lead  the  excess  of  the  reagent,  upon  filtering  of  the  precipitate,  may  be  titrated 
and  the  lead  determined  voTumetrically.  A  known  amount  of  dichromate  solution 
(added  from  a  burette)  sufficient  to  precipitate  all  the  lead  and  about  one-third  of  the 
volume  in  excess  is  added  to  the  hot  solution.  After  boiling  about  two  minutes  the 
precipitate  is  filtered  off  quickly  and  washed  several  times  with  hot  water.  The 
nitrate,  or  an  aliquot  part  of  it,  is  made  acid  with  5  cc.  concentrated  sulphuric  acid 
and  titrated  with  standard  ferrous  sulphate  at  about  60°  C,  using  potassium  ferri- 
cyanide  as  an  outside  indicator;  the  end-point  is  a  blue  color  produced  by  the  slight 
excess  of  the  ferrous  salt  reacting  with  the  indicator.  The  excess  of  dichromate  may 
be  determined  by  adding  3  to  4  grams  of  solid  potassium  iodide,  KI,  to  the  solution 
diluted  to  about  500  cc.  with  water  to  which  15  cc.  of  concentrated  sulphuric  acid 
has  been  added.  The  liberated  iodine  is  titrated  with  standard  thiosulphate,  the 
end-point  being  colorless,  with  starch  solution  internal  indicator,  changing  from 
blue.     Bi,  Sb,  Ba,  8r  and  Ca  interfere  slightly. 

One  cc.  N/10  K,Cr,07  =0.010355  gram  Pb.    One  cc.  N/5  K^CrzOT  =0.02071  gram  Pb. 

Determination  of  Lead  as  the  Molybdate,  PbMo04 

This  method  is  rapid  and  has  the  following  advantages: 

a.  The  sulphation  of  lead  is  avoided,  b.  The  acetate  extraction  is  elimi- 
nated, c.  The  precipitate  may  be  ignited,  d.  The  ratio  of  lead  to  its  molybdate 
comiK)und  is  greater  than  either  lead  to  PbS04  or  to  PbCrO*,  lessening  the  chance 
of  error  through  weighing. 

Cobalt,  calcium,  strontium  and  barium  have  little  effect  in  presence  of 
ammonium  acetate.    In  absence  of  this  salt  they  interfere  slightly. 

Procedure.  The  ore  or  alloy  is  decomposed  with  nitric  acid  or  aqua  regia 
as  the  case  may  require.  (Silica  if  present  is  eliminated  by  taking  to  dryness, 
dehydrating,  taking  up  with  dilute  nitric  acid  and  filtering.)  To  the  clear  liquid 
ammonium  chloride  is  added  and  then  sufficient  ammonium  oxalate  to  destroy 
the  excess  of  free  nitric  acid. 

Lead  is  now  precipitated  by  adding  20  to  30  cc.  of  ammonium  molybdate 
(4  grams  per  liter+acetic  acid)  stirring  the  mixture  during  the  addition.  After 
boiling  for  two  or  three  minutes  the  precipitated  lead  molybdate  is  allowed  to 
settle,  then  filtered  through  pulp,  washed  with  small  portions  of  hot  water  and 
ignited  over  a  Bunsen  burner. 

The  cooled  residue  is  weighed  as  PbMo04. 

PbMo04  X  0.5642  =Pb. 

Notes.  If  antimony  or  other  members  of  the  group  are  present  in  the  original 
aample  it  is  advisable  to  dissolve  the  residue  in  HCl  and  rcprecipitatc  the  lead  with 
molvbdate  reiigent. 

If  lead  is  in  the  fonn  of  the  sulphide,  as  may  be  the  case  in  a  comi)lete  analysis 
of  a  mibstance,  it  is  decomposed  with  hot  dilute  HNOj  and  precipitated  as  PbMoOi. 
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The  isolation  of  minute  quantities  of  lead  from  large  amounts  of  other  sub- 
stances is  described  under  **  Gravimetric  Methods  for  Traces  of  Lead.'* 


GRAVIMETRIC  METHODS 

Determination  of  Lead  as  the  Sulphate,  PbS04 

Procedure.  The  sample  having  been  dissolved  according  to  a  method  out- 
lined, the  lead  precipitated  as  PbSOi  by  addition  of  an  excess  of  sulphuric  acid,  and 
taking  to  SOj  fumes,  the  lead  sulphate  is  filtered  off,  upon  cooling  and  diluting 
the  sample.  The  PbS04  is  washed  with  water  containing  10%  H2SO4  imtil  free 
from  soluble  impurities.  If  insoluble  sulphates  or  silica  are  present  the  lead  must 
be  purified.  If  such  impurities  are  known  to  be  absent  (alloys),  the  sulphate 
may  be  filtered  directly  onto  an  asbestos  mat  in  a  tared  Gooch  crucible,  dried, 
then  ignited  to  dull  red  heat,  cooled  and  finally  weighed  as  PbS04.  In  the  analysb 
of  ores,  however,  it  is  generally  advisable  to  purify  the  sulphate. 

Purification  of  Lead  Sulphate.  Details  of  the  procedure  have  been  given 
under  Separations — Extraction  of  Lead  from  the  Impure  Sulphate.  The  lead 
sulphate  having  been  brought  into  solution  by  extraction  with  strong  ammonium 
acetate  solution,  the  excess  acetic  acid  is  volatilized  by  evaporation,  the  residue 
cooled  and  diluted  with  water.  An  excess  of  sulphuric  acid  is  added  and  the 
precipitated  sulphate  is  filtered  off,  washed  with  dilute  sulphuric  acid  and 
alcohol,  dried  at  about  110°  C.  and  weighed. 

PbS04X 0.6831  =Pb.  Pb  multiplied  by  100  and  divided  by  weight  of  sample 
taken  equals  per  cent. 

Notes.  Lead  sulphate  may  be  precipitated  from  ammonium  acetate  solution 
by  adding  sulphuric  acid  until  the  solution  contains  approximately  10%  HsS04. 

An  acetate  extraction  may  not  be  necessary,  as  is  generally  the  case  in  the  analysis 
of  alloys.  In  analysis  of  ores,  however,  PbSOi  may  be  contaminated  by  sulphates  of 
the  alkaline  earths  and  by  silica.  The  difficultly  soluble  oxides  of  iron  and  alumina 
may  also  be  i)rc8ent. 

If  arsenic  is  in  the  sulphate  it  will  pass  into  the  filtrate  with  the  lead. 


Determination  of  Lead  as  the  Chromate,  PbCr04 

This  excellent  method  is  applicable  to  a  large  class  of  materials  and  is  of 
special  value  in  precipitation  of  lead  from  an  acetic  acid  solution,  the  method 
depending  upon  the  insolubility  of  lead  chromatc  in  weak  acetic  acid. 

Procedure.  The  solution  of  the  sample,  precipitation  of  the  lead  as  the 
sulphate  and  extraction  of  lead  with  ammonium  acetate  have  been  given  in  detail 

The  filtrate,  containing  all  the  lead  in  solution  as  the  acetate,  is  acidified 
slightly  with  acetic  acid  and  heated  to  boiling.  Ivcad  is  precipitated  by  addition 
of  poia.ssium  dichromate  solution  in  excess  (10  cc.  of  5%  K,Cri07  solution  are  gen- 
erall.v  sufficient).  The  solution  is  briled  until  the  yellow  precipitate  turns  to  a 
shade  of  orange  or  red.'  The  precipitate  is  allowed  to  settle  until  the  super- 
natant solution  is  clear.  (This  should  appear  yellow  with  the  excess  of  dichromate 
reagent.)     The  PbCM)4  is  filtered  onto  an  asbestos  mat  in  a  tared  Gooch  cru- 

'  The  yellow  precipitate  gives  high  results,  since  it  is  difficult  to  wash.  The  crys- 
talline orange  or  red  compound  may  be  quickly  fihered  and  washed. 
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cible,  washed  with  water,  dried  in  an  oven  at  about  1 10**  C.  and  the  cooled 
compound  weighed  as  PbCrO*. 

PbCrO4X0.641  =Pb.     ^^J^'^  ^^ ,   =per  cent  Pb. 

Wt.  of  sample 

Notes.  Impurities,  such  as  iron,  copper,  cadmium,  etc.,  in  the  acetate  solution  of 
lead  senously  inten^ere  in  the  chromate  precipitation.  These  should  be  leached  out 
with  water  containing  a  little  sulphuric  acid  before  extracting  the  lead  sulphate  with 
ammonium  acetate.    See  remarks  under  section  on  Traces  of  Lead. 

If  a  standard  solution  of  potassium  dichromate  is  used  in  the  precipitation 
of  lead  the  excess  of  the  reagent,  upon  filtering  of  the  precipitate,  may  be  titrated 
and  the  lead  determined  voTumetrically.  A  known  amount  of  dichromate  solution 
(add^  from  a  burette)  sufficient  to  precipitate  all  the  lead  and  about  one-third  of  the 
volume  in  excess  is  added  to  the  hot  solution.  After  boiling  about  two  minutes  the 
precipitate  is  filtered  off  quickly  and  washed  several  times  with  hot  water.  The 
filtrate,  or  an  aliquot  part  of  it,  is  made  acid  with  5  cc.  concentrated  sulphuric  acid 
and  titrated  with  standard  ferrous  sulphate  at  about  60^  C,  using  potassium  ferri- 
cyanide  as  an  outside  indicator;  the  end-point  is  a  blue  color  produced  by  the  slight 
excess  of  the  ferrous  salt  reacting  with  the  indicator.  The  excess  of  dichromate  may 
be  determined  by  adding  3  to  4  grams  of  solid  potassium  iodide,  KI,  to  the  solution 
diluted  to  about  500  cc.  with  water  to  which  15  cc.  of  concentrated  sulphuric  acid 
has  been  added.  The  liberated  iodine  is  titrated  with  standard  thiosuiphate,  the 
end-point  being  colorless,  with  starch  solution  internal  indicator,  changing  from 
blue.     Bi,  Sb,  Ba,  8r  and  Ca  interfere  slightly. 

One  cc.  N/10  K,Cr,07  =0.010355  gram  Pb.    One  cc.  N/5  K.CrjOT  =0.02071  gram  Pb. 

Determination  of  Lead  as  the  Molybdate,  PbMo04 

This  method  is  rapid  and  has  the  following  advantages: 

a.  The  sulphation  of  lead  is  avoided.  6.  The  acetate  extraction  is  elimi- 
nated, c.  The  precipitate  may  be  ignited,  d.  The  ratio  of  lead  to  its  molybdate 
compound  is  greater  than  either  lead  to  PbSOi  or  to  PbCr04,  lessening  the  chance 
of  error  through  weighing. 

Cobalt,  calcium,  strontium  and  barium  have  little  effect  in  presence  of 
ammonium  acetate.    In  absence  of  this  salt  they  interfere  slightly. 

Procedure.  The  ore  or  alloy  is  decomposed  with  nitric  acid  or  aqua  regia 
as  the  case  may  require.  (Silica  if  present  is  eliminated  by  taking  to  drjmess, 
dehydrating,  taking  up  with  dilute  nitric  acid  and  filtering.)  To  the  clear  liquid 
ammonium  chloride  is  added  and  then  sufficient  ammonium  oxalate  to  destroy 
the  excess  of  free  nitric  acid. 

Lead  is  now  precipitated  by  adding  20  to  30  cc.  of  ammonium  molybdate 
(4  grams  per  liter+acetic  acid)  stirring  the  mixture  during  the  addition.  After 
boiling  for  two  or  three  minutes  the  precipitated  lead  molybdate  is  allowed  to 
settle,  then  filtered  through  pulp,  washed  with  small  portions  of  hot  water  and 
ignited  over  a  Bunsen  burner. 

The  cooled  residue  is  weighed  as  PbMo04. 

PbMoO^  X  0.5642  =Pb. 

Notes.  If  antimony  or  other  members  of  the  group  are  present  in  the  original 
sample  it  is  advisable  to  dissolve  the  residue  in  HCl  and  reprecipitate  the  lead  with 
molybdate  reagent. 

If  lead  is  in  the  form  of  the  sulphide,  as  may  be  the  case  in  a  comi)lctc  analysis 
of  a  substance,  it  is  decomposed  with  hot  dilute  HNOs  and  precipitated  as  PbMo()4. 
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Electrolytic  Determination  of  Lead  as  the  Peroxide,  Pb02 

An  electric  current  passed  through  a  solution  of  lead  containing  sufficient 
free  nitric  acid  will  deposit  all  the  lead  on  the  anode  as  lead  peroxide.  The  method 
is  excellent  for  analysis  of  lead  alloys. 

Procedure.  The  sample  containing  not  over  0.5  gram  lead  is  brought  into 
solution  by  heating  with  dilute  nitric  acid,  1:1.  The  solution  is  washed  into 
a  large  platinum  dish  with  unpolished  inner  surface.  Twenty  to  25  cc.  concen- 
trated nitric  acid  (sp.gr.  1.4)  are  added  and  the  solution  diluted  to  about  150  cc. 

The  sample  is  electrolyzed  in  the  cold  with  0.5  to  1  ampere  current  and  2  to 
2.5  volts,  the  platinum  dish  forming  the  anode  of  the  circuit,  a  spiral  platinum 
wire  or  a  platinum  crucible  dipped  into  the  solution  being  the  cathode.  Three 
hours  are  generally  sufficient  for  the  deposition  of  0.5  gram  Pb.  Overnight 
is  advisable,  a  current  of  0.05  ampere  being  used. 

A  rapid  deposition  of  the  lead  may  be  obtained  by  heating  the  solution  to 
60  to  65**  C.  and  electrolyzing  with  a  current  NDioo  =  1.5  to  1.7  amperes,  the 
E.M.F.  varying  within  wide  limits.  Stirring  the  solution  with  a  rotating  cathode 
aids  in  the  rapid  deposition  of  the  PbOa. 

To  ascertain  whether  all  the  lead  has  been  removed  from  the  solution,  more 
water  is  added  so  as  to  cover  a  fresh  portion  of  the  dish  with  water.  The  elec- 
trolysis is  complete  if  no  fresh  deposition  of  the  peroxide  takes  place  after  half 
an  hour. 

The  water  is  siphoned  off  while  more  water  is  being  added  until  the  acid  is 
removed,  the  current  is  then  broken,  the  dish  emptied  of  water  and  the  deposits 
dried  at  180^  C.  and  weighed  as  PbO,. 

The  deposit  of  lead  peroxide  gently  ignited  forms  lead  oxide,  PbO,  a  pro- 
cedure recommended  by  W.  C.  May,^  confirmed  by  Treadwell  and  Hall  as 
giving  more  accurate  results  than  the  peroxide,  PbOj. 

PbO,X0.8662=Pb. 
PbO  X0.9283=:Pb. 

Note.  The  deposits  of  lead  oxide  or  peroxide  may  be  removed  by  dissolving  off 
with  warm  dilute  nitric  acid. 

For  volumetric  procedur  e-titration  of  the  peroxide  PbOj  see  page  240. 


VOLUMETRIC   METHODS 
Volumetric  Ferrocyanide  Method  for  the  Determination  of  Lead 

Although  the  gravimetric  methods  for  the  determination  of  lead  are  con- 
sidered the  more  accurate,  yet  the  volumetric  procedures  may  be  frbi|uently  used 
with  advantage.  The  ferrocyanide  method  has  been  pronoimced  by  Irving  C. 
Bull '  to  be  the  best  of  the  procedures  in  common  use,  the  results  being  accmtite. 

Procedure.  Lead  sulphate  is  obtained  according  to  the  method  outlined 
under  Preparation  and  Solution  of  the  Sample.  The  lead  sulphate  is  transferred 
to  a  small  beaker  and  gently  boiled  with  10  to  15  cc.  of  a  saturated  solution^of 
ammonium  carbonate,   the  liquid  having  been   added  cold  and  brought  up  to 

iZ.  Analyt.  Chem.,  14,  347,  1875. 
«C.N.,  2253,  87,  1903. 
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boiling.  After  cooling,  the  precipitate  is  filtered  onto  the  original  filter  paper 
from  which  the  lead  sulphate  was  removed.  The  lead  carbonate  is  washed  free 
'  of  alkali  with  cold  water.  The  filter  with  the  precipitate  is  dropped  into  a  flask 
containing  a  hot  mixture  of  5  cc.  of  glacial  acetic  acid  with  25  cc.  of  water. 
The  lead  carbonate  is  decomposed  by  boiling  and  the  solution  diluted  to  150  cc. 

Titration.  The  sample  warmed  to  60°  C.  is  titrated  with  a  standard  solu- 
tion of  potassium  ferrocyanide,  using  a  saturated  solution  of  uraniiun  acetate. 
as  aa  outside  indicator.  The  excess  of  ferrocyanide  produces  a  brown  color  with 
the  uranium  acetate  drop  on  the  tile. 

Free  anunonia  must  be  absent,  as  it  reacts  with  uranium  acetate  and  gives 
low  results.    NH4OH  precipitates  reddish  brown,  gelatinous  uranous  hydroxide, 

U(0H)4. 

The  bulk  of  solution  to  be  titrated  should  be  as  near  as  possible  to  100  cc, 
including  10  cc.  of  50%  acetic  acid. 

One  i>er  cent  potassium  ferrocyanide  reagent  is  used  in  the  titration.  This 
reagent  is  standardized  against  a  known  amount  of  lead  in  solution  as  an  acetate*. 

A  correction  of  0.8  cc.  is  generally  necessary  on  account  of  the  indicator. 
Tliis  is  determined  by  a  blank  titration. 

Antimony,  bismuth,  barium,  strontium  and  calcium  interfere  only  to  a  very 
slight  extent,  the  error  being  negligible. 

Volumetric  Determination  of  Lead  by  tlie  Molybdate  Method  ^ 

Lead  is  precipitated  as  molybdate  from  an  acetic  acid  solution  by  a  standard 
molybdic  solution,  the  termination  of  the  reaction  being  recognized  by  the 
yellow  color  produced  by  the  excess  of  molybdic  reagent  when  a  drop  of  the 
mixture  comes  in  contact  with  a  drop  of  tannin  solution  used  as  an  outside 
indicator. 

Special  Reagents  Required.  Ammonium  Molybdate  Reagent.  4.75  grams 
of  the  salt  are  dissolved  in  water  and  made  up  to  1  liter.  One  cc.  with  a  half 
gram  sample  is  equal  approximately  to  1%  Pb. 

Standardization  of  Ammonium  Molybdate  Reagent.  0.293  gram  pure 
load  sulphate,  PbSOi,  equivalent  to  0.2  gram  Pb,  is  dissolved  in  50  cc.  of  a  sat- 
urated solution  of  ammonium  acetate,  a  piece  of  litmus  paper  is  thrown  in  and 
a  few  drops  of  acetic  acid  added  to  acid  reaction.  The  solution  is  made  up  to 
200  cc.  and  is  titrated  as  directed  below  in  the  procedure  for  lead. 

The  lead  value  per  cc.  = '- : — -z  gram  Pb. 

cc.  reagent  required 

Note.  In  i^ce  of  PbSOi  pure  lead  foil  may  be  taken.  0.2  gram  of  the  foil  dis- 
solved in  10-15  CO.  hot  nitric  acid  1  :  1  and  converted  to  the  sulphate  by  taking  to 
fumes  with  20  cc.  1  :  1  HsSO*. 

Tannin  Indicator.  Freshly  prepared  tannin  solution  containing  0.1  gram 
tannin  per  20  cc.  of  water. 

Procedore.  0.5  gram  of  the  ore  is  dissolved  by  gently  heating  with  10  cc.  of 
strong  hydrochloric  acid  followed  by  5  cc.  of  nitric  acid  and  additional  hydro- 
chloric acid  if  necessary.  Five  to  10  cc.  of  concentrated  sulphuric  acid  are  added 
and  the  solution  evaporated  to  SO3  fumes  over  a  free  flame.    About  25  cc.  of 

>  Method  of  D.  H.  H.  Alexander,  modified  by  Low. 
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water  are  added  to  the  cooled  solution  and  the  liquid  boiled  for  ten  to  fifteen 
minutes  to  dissolve  the  anhydrous  ferric  sulphate  that  may  be  present. 

Upon  cooling,  the  precipitated  PbS04  with  any  impurities  it  may  contain 
(SiOj,  CaS04,  BaS()4,  etc.)  is  filtered  off  and  washed  with  cold  dilute  sulphuric 
acid  (1  :  10). 

Purification  of  the  Lead  Precipitate,  in  Presence  of  Calcium,  Iron,  etc. 
The  precipitate  is  rinsed  into  the  original  flask  and  about  5  grams  of  pure 
ammonium  chloride  and  1  cc.  of  concentrated  hydrochloric  acid  added.  The 
solution  with  the  precipitates  is  boiled  until  only  the  silica  remains  imdissolved. 
The  free  acid  is  just  neutralized  with  ammonia  and  the  lead  precipitated  as 
PbS  by  addition  of  ammonium  sulphide.  The  precipitate  is  filtered  and  washed 
free  of  calcium.  If  iron  is  present  it  must  be  removed  by  redissolving  the  pre- 
cipitate in  5  cc.  of  dilute  sulphuric  acid  and  again  precipitating  the  lead  as  PbS 
by  addition  of  sufficient  hydrogen  sulphide  water  or  passing  the  gas  into  the 
acid  solution.  The  lead  sulphide  is  now  decomposed  by  boiling  with  5  cc.  of 
concentrated  hydrochloric  acid  for  several  minutes  and  then  adding  3  or  4  drops 
of  nitric  acid  to  remove  the  last  traces  of  HjS. 

The  free  acid  in  the  solution  is  neutralized  with  ammonium  hydroxide 
(litmus  indicator),  and  then  made  slightly  acid  by  addition  of  glacial  acetic  acid. 
The  mixture  is  diluted  to  200  cc.  with  hot  water. 

Titration.  To  about  two-thirds  of  the  sample,  the  standard-anunonium 
molybdate  is  added  from  a  burette  until  a  drop  of  the  solution,  brought  into 
contact  with  a  drop  of  the  tannin  indicator  upon  a  white  porcelain  tile  or  par- 
affined paper,  gives  a  brown  or  yellow  color.  Some  more  of  the  lead  solution  is 
added  to  this  titrated  sample  and  the  operation  is  repeated.  By  keeping  a  por- 
tion of  the  sample  in  reserve  it  is  possible  to  obtain  the  exact  end-point  and  avoid 
overrunning,  as  would  be  apt  to  occur  if  the  entire  sample  were  taken  at  one 
time. 

Cc.  molybdate  reagent  multiplied  by  value  in  terms  of  Pb  divided  by  wt.  of 
sample  =Pb. 

Blank.  Deduction  of  0.7  to  1  cc.  is  frequently  necessar>'.  The  exact  amount 
may  be  determined  by  taking  the  same  amount  of  reagents  as  are  present  in 
the  sample,  without  the  lead,  and  titrating  with  ammonium  molybdate,  as  above, 
on  a  boiled  sample. 

Interferences:  Antimony,  bisnmth,  barium,  strontium  and  calcium  have  a 
slight  effect  on  the  results. 

The  lead  is  obtained  in  solution  in  a  comparatively  pure  form  by  extraction 
of  the  sulphate  with  ammonium  acetate.  The  more  tedious  method  of  isolation 
as  directed  in  the  procedure  may  not  be  necessary'. 

Reduction  and  Titration  of  Lead  Peroxide  Deposited  Electrolytically 

The  electrolytic  deposition  of  lead  as  the  peroxide,  PbOj,  has  been  given  on  page 
238.  To  avoid  error  that  may  result  from  imperfect  drying,  a  volumetric  procedure  B 
suggested.  The  peroxide  is  dissolved  from  the  electrode  with  a  hot  mixture  of  25  cc 
No  oxalic  acid  and  10  cc.  nitric  acid  (sp.gr.  1.2).  The  excess  of  oxalic  acid  is  titrated 
hot  with  N/10  potassium  permanganate. 

1  cc.  N/.5  oxalic  acid  is  equivalent  to  0.02071  gram  lead. 
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DETERMINATION  OF  SMALL  AMOUNTS  OF  LEAD 

The  determination  of  minute  quantities  of  lead  is  required  in  baking  powders 
cazmed  goods  and  like  products  in  which  small  amounts  of  lead  are  objection- 
able. Traces  of  lead  ranging  from  5  to  100  parts  per  million  (0.0005  to  0.01  %  Pb) 
are  best  determined  colorimetrically  on  0.5  to  1  gram  samples;  larger  amoimts 
of  lead  should  be  determined  gravimetricaUy. 

Gravimetric  Methods  for  Determining  Traces  of  Lead 

The  determination  of  extremely  small  amounts  of  lead  cannot  be  accom- 
plished by  the  usual  methods  of  precipitation,  as  the  lead  compounds  remain  in 
solution  in  a  colloidal  state.  The  addition,  however,  of  certain  substances, 
which  form  amorphous  precipitates  with  the  reagents  used  for  throwing  out  lead 
causes  the  removal  of  lead  from  the  solution  by  occlusion.  For  example,  the 
addition  of  a  sufficient  quantity  of  a  soluble  salt  of  mercury,  copper,  or  arsenic 
to  a  solution  containing  a  trace  of  lead,  and  then  saturating  the  solution  with 
HsS,  will  cause  the  complete  removal  of  lead  from  the  solution.  Iron  and 
alumina  thrown  out  of  the  solution  as  hydroxides  will  carry  down  small  amounts 
of  lead,  and  completely  remove  it  from  the  solution,  if  they  are  present  in 
sufficient  quantity.  Lead  may  be  extracted  from  finely  pulverized  substances 
by  means  of  hot  ammonium  acetate  and  precipitated  from  the  extract  as  lead 
sulphide.  Advantage  may  be  taken  of  these  facts  in  determining  traces  of 
lead  in  presence  of  large  amounts  of  other  substances. 

Amottnt  of  the  Sample.  It  is  ad\dsable  to  have  the  final  isolated  lead 
compound  over  0.01  gram  in  weight,  hence,  in  a  sample  containing  10  parts  of 
lead  per  million,  800  to  1000  grams  of  the  material  should  be  taken,  since  a  kilo- 
gram of  the  -material  would  contain  0.01  gram,  Pb  or  0.0156  gram  PbCr04, 
or  0.01464  gram  PbSO*,  or  0.0177 -h  gram  PbMoO^.  Large  samples  should  be 
divided  into  several  portions  of  100  to  250  grams  each,  the  lead  isolated  in  each, 
and  the  final  extracts,  containing  the  lead,  combined.  For  the  given  amount  of 
occluding  agent,  stated  in  the  procedure,  the  treated  portion  should  contain  not 
over  0.01  gram  lead. 

I* — Extraction  of  Lead  with  Ammonium  Acetate  and 

Subsequent  Precipitation 

It  is  frequently  desirable  to  extract  the  lead  from  the  mass  of  material  and 
precipitate  it  from  the  liquor  thus  obtained.  The  procedure  worked  out  by  the 
writer  is  applicable  to  determining  traces  of  lead  in  aluminum  salts,  but  with 
modifications  may  be  applied  to  a  wide  range  of  substances. 

Extraction  of  Lead.  The  desired  weight  of  finely  powdered  substance,  in  100- 
gram  portions,  is  placed  in  6-inch  porcelain  ( asseroles  (1000  cc.  capacity).  To  each 
portion  are  added,  with  vigorous  stirring,  500  cc.  of  lead-free^  boiling  hot  r.mm  >- 
nium  acetate  so'ution  (33%).*    The  reaction  is  apt  to  be  energetic,  so  that 

^The  reagent  must  be  boiUng,  when  added,  to  obtain  best  results.  Exr)eriments 
have  shown  that  considerable  alumina  and  iron  dissolve  if  the  proportion  of  the  reagent 
falls  much  below  5  cc.  of  33%  acetate  per  gram  of  sample.  With  twice  this  amount  of 
migent  the  extract  is  free  from  iron  and  alumina.  Small  amounts  of  alumina  and  iron, 
however,  do  not  interfere  in  the  lead  determination. 
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care  must  he  exercised  to  avoid  boiling  over.  The  residue  from  aluminum  salts 
is  crystalline  and  may  be  separated  from  the  extract  very  readily  by  filtering 
through  two  filter  papers  in  a  large  Biichner  funnel  and  applying  suction. ^ 
The  residue  is  tamped  down  to  squeeze  out  the  adhering  extract  and  washed 
with  100  cc.  more  of  hot  ammonium  acetate  followed  by  100  to  200  cc.  of  hot 
water,  again  tamped  down  and  sucked  as  dry  as  possible.  The  lead  extracts 
are  now  combined  and  lead  precipitated  as  sulphide. 

The  reagent  is  made  by  dissolving  one  part  cf  lead-free  ammonium  acetate 
in  two  parts  cf  diUilled  water.    The  purity  of  the  reagent  should  be  tested. 

Precipitation  of  Small  Amounts  of  Lead.  To  the  solution  containing  lead  is 
added  2-3  cc.  of  a  10%  copper  sulphate  or  cadmium  sulphate  reagent.  Hydrogen 
sulphide  is  passed  into  the  liquor  until  it  is  saturated.  The  copper  or  cadmium  sul- 
phide assists  the  settling  of  lead  sulphide.  Gently  warming  on  the  steam  bath  for 
half  an  hour  coagulates  the  precipitate  and  facilitates  settling.  The  liquor  is 
decanted  through  a  double  filter  in  a  small  Biichner  funnel  and  the  residue  washed 
onto  the  filter  with  water  saturated  with  HjS  gas. 

The  precipitate  is  washed  several  times  with  ammonium  sulphide  to  remove 
sulphides  of  the  arsenic  group  and  the  residue  then  dissolved  in  a  hot  mixture  of 
hydrochloric  and  nitric  acids  ( 1  part  HCl.  5  parts  HNOj  and  15  parts  H2O). .  Ten  cc. 
of  strong  sulphuric  acid  are  added  to  the  solution,  and  the  mixture  is  evaporated 
to  SO3  fumes  but  not  to  dryness.  The  residue  is  taken  up  with  100-125  cc.  of  water 
containing  2  cc.  of  sulphuric  acid  and  boiled  to  dissolve  the  soluble  salts  of  iron, 
alumina,  copper,  etc.  After  cooling,  one-third  the  volume  of  95%  alcohol  is 
added  (30-40  cc),  the  lead  sulphate  allowed  to  settle  for  an  hour  or  more,  then 
filtered  and  washed  several  times  with  30%  alcohol.  The  residue  is  extracted 
with  hot  ammonium  acetate  and  lead  chromate  precipitated  from  the  filtrate,* 
made  slightly  acid  with  acetic  acid,  by  adding  10  cc.  of  p>otassium  dichromate 
reagent  and  boiling,  according  to  the  standard  procedure.     (Page  236.) 

PbCrO^X  0.641  =Pb. 

m 

II. — Precipitation  of  Lead  by  Occlusion  with  Iron  Hydroxide 

Wilkie  found '  that  ferric  hydroxide  has  the  property  of  occluding  lead,  five 
parts  of  Fe(0H)3  removing  one  part  of  lead  from  solution.  Advantage  is  taken 
of  this  property  of  iron  hydroxide  in  precipitating  small  amounts  of  lead.* 

Procedure.  The  required  amount  of  material  is  weighed  out  in  50-gram  lots 
and  brushed  into  No.  8  beakers.  If  the  material  contains  organic  matter,  it  is 
treated  with  200-cc.  portions  of  concentrated  hydrochloric  acid,  the  mixture  heated 
just  below  the  boiling-point  of  HCl  solution,  and  potassium  chlorate  added,  a  few 
crystals  at  a  time,  until  the  organic  matter  is  decomposed  (hood).  If  the  material 
dissolves  in  water,  the  water  solution  is  treated  with  5  cc.  of  concentrated  hydro- 
chloric acid  and  a  few  crystals  of  |X)tassium  chlorate  and  the  liquor  boiled. 

^  200  to  300  grams  of  material  may  be  handled  in  a  6-ineh  Biichner  funnel. 

2  Should  load  chromate  fail  to  precipitate,  the  solution  should  be  treated  with 
H2S  to  complete  saturation,  the  sulphide  collected  on  a  filter,  then  dissolved  in 
acid  and  the  procedure  descril)ed  above  repeated.  If  the  solution  still  remains  clear, 
the  absence  of  lead  is  confirmed. 

3  J.  M.  Wilkie  C.  N.,  2597,  117,  1909. 

*  Occlusion  of  lead  by  zinc  sulphide,  precipitated  by  HjS  from  a  formic  acid  solu- 
tion, is  suggested ;  iron  and  alumina  would  not  interfere. 
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Addition  of  Ferric  horu  If  sufficient  iron  is  not  already  present,  ferric 
chloride  is  added  in  such  quantity  that  the  iron  content  of  the  sample  will  be  from 
twenty  to  fifty  times  that  of  the  lead  (larger  amounts  of  iron  will  do  no  harm) 
present  in  the  solution.  Five  to  10  cc.  of  concentrated  nitric  acid  are  added 
and  the  sample  boiled  for  ten  to  fifteen  minutes. 

Precipitation  of  Iron  and  Lead,  If  alumina  is  present,  iron  is  precipi- 
tated by  addition  of  a  large  excess  of  potassium  hydroxide,  the  alumina  going 
into  solution  as  potassium  aluminate.  In  absence  of  alumina,  ammonia  may 
be  used  to  precipitate  the  ferric  hydroxide.  Lead  is  completely  occluded  by  the 
precipitate  and  carried  down.  The  solution  is  filtered  hot  through  Baker  and 
Adamson*8  fast  filters,  threefold.  The  filtering  must  be  rapid  and  the  liquid  kept 
hot  to  prevent  clogging  of  the  filters. 

Separation  of  Lead  from  Iroru  The  precipitate  is  dissolved  in  hot  hydro- 
chloric acid  (free  from  lead).  The  solutions  are  combined,  if  several  portions 
of  the  sample  are  taken.  Concentrated  sulphuric  acid  is  added  and  the  sample 
evaporated  to  small  volume  and  heated  until  the  white  sulphuric  acid  fumes 
appear.  The  usual  procedure  is  now  followed  for  separation  of  the  lead  sulphate, 
acetate  extraction  of  lead  and  final  precipitation  of  lead  chromate. 

PbCrO4X0.fi41  =Pb. 

Note.  In  place  of  iising  alcohol  to  decrease  the  solubility  of  lead  sulphate,  many 
prefer  to  add  sulphuric  acid  so  that  the  acidity  of  the  solution  will  be  2-10%  free 

HsiJ04* 

III.  Modification  of  Seeker-Clayton   Method  for  Traces  of  Lead 

in  Baking:  Powder 

One  hundred  grams  of  baking  powder  are  treated  with  25  cc.  of  water  followed 
by  75  cc.  of  strong  hydrochloric  acid  added  in  small  portions  to  avoid  excess  frothing. 
The  mixture  is  heated  until  the  starCh  has  decomposed  (iodine  test  gives  blue  color 
with  starch),  the  solution  becoming  clear  and  turning  yellow.  The  free  acid  is 
Deatralized  and  when  the  solution  is  cold,  400  cc.  of  lead-free  ammonium  citrate, 
saturated  with  HsS,  are  added.  Additional  H2S  is  passed  into  the  slightly  alkaline 
solution,  the  sulphides  of  iron  and  lead  allowed  to  settle,  the  clear  supernatant 
liquor  decanted  off,  the  sulphides  collected  on  a  filter  and  washed.  The  precipitate 
is  dissolved  in  nitric  acid,  lead  separated  as  a  sulphate,  extracted  with  acetate  and 
precipitated  as  dichremate  according  to  the  procedure  recommended  under  the 
acetate  extraction  method  I.^ 


COLORIMETRIC  ESTIMATION  OF  SMALL  AMOUNTS 

OF  LEAD 

Introduction.  Estimation  of  small  amounts  of  lead  by  the  intensity  of  the 
brown  coloration  produced  by  the  sulphide  in  colloidal  solution  was  first  proposed 
by  Pelouae.*       The  procedure   was  modified    by  Warington »  and  by  Wilkie  * 

1  See  Referee's  modification  Jour.  Assoc.  Oflf.  Ag.  Chemists,  1,  3,  512  (Nov.,  1915.) 

« T.  J.  Pelouze,  Ann.  Chim.  Phys.,  8,  79-108, 1841. 

«  R.  Warington,  Jour.  Soc.  Chem.  Ind.,  12,  97,  1893. 

*  J.  M.  Wiflcie,  Jour.  Soc.  Chem.  Ind.,  28,  636,  1909.  » 
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to  overcome  the  color  produced  by  accompanying  impurities,  among  these,  of 
iron,  which  is  ahnost  invariably  associated  with  lead.  The  method  is  useful  in 
determining  traces  of  lead  in  drinking  water,  in  food  products,  baking  powders, 
canned  goods,  phosphates,  alums,  acids  such  as  sulphuric,  hydrochloric,  citric, 
tartaric  and  the  like.  By  this  procedure  on  a  gram  sample  one  part  of  lead  per 
million  may  be  detected  and  as  high  as  50  parts  may  be  estimated.  For  lai^r 
amounts  of  lead,  a  smaller  sample  must  be  taken.  Nickel,  arsenic,  antimony, 
silver,  zinc,  tin,  iron,  and  alumina,  present  in  amounts  such  as  commonly  occur 
in  these  materials,  do  not  interfere.* 

In  order  to  obtain  accurate  results  it  is  necessary  to  have  the  solutions  under 
comparison  possess  the  same  general  character.  "  It  must  be  remembered  that 
the  tint  depends  to  a  large  extent  on  the  size  of  the  colloidal  particles  of  lead, 
which  in  turn  depend  upon  the  nature  of  the  salts  in  the  solution  and  upon  the 
way  that  the  solution  has  been  prepared."  •  Vigorous  agitation,  salts  of  the 
alkalies  and  alkaline  earths  tend  to  coagulate  the  colloidal  sulphide. 

Reagents  Required.  Standard  Lead  Solution.  A  convenient  solution 
may  be  made  by  dissolving  0.1831  gram  of  lead  acetate,  Pb(CiHiOi)f3HtO 
in  100  cc.  of  water,  clearing  any  cloudiness  with  a  few  drops  of  acetic  acid  and 
diluting  to  1000  cc.  If  10  cc.  of  this  solution  is  diluted  to  1000  cc.  each  cc. 
will  contain  an  equivalent  of  0.000001  gram  Pb. 

Harcourt  suggests  a  permanent  standard  made  by  mixing  ferric,  copper  and 
cobalt  salts.'  For  example  12  grams  of  FeCU  together  with  8  grams  of  CuClt 
and  4  grams  of  Co(N03)f  are  dissolved  in  water,  400  cc.  of  hydrochloric  acid 
added  and  the  solution  diluted  to  4000  cc.  150  cc.  of  this  solution  together 
with  115  cc.  of  hydrochloric  acid  (1  :  2)  diluted  to  2000  cc.  will  give  a 
shade  comparable  to  that  produced  by  the  standard  lead  solution  above,  when 
treated  with  the  sulphide  reagent.  The  exact  value  per  cc.  may  be  obtained  by 
comparison  with  the  lead  standard. 

Alkaline  Tartrate  Solution,  Twenty-five  grams  of  C.P.  sodium  potassium 
tartrate,  NaKC4H40e*4H20,  is  dissolved  in  50  cc.  of  water.  A  little  anunonia  is 
added  and  then  sodium  sulphide  solution.  After  settling  some  time  the  reagent 
is  filtered.  The  filtrate  is  acidified  with  hydrochloric  acid,  boiled  free  of  H,S  and 
again  made  ammoniacal  and  diluted  to  100  cc. 

Ammonium  Citrate  Solution.  Ammonium  citrate  solution  is  prepared  in 
the  same  way  as  the  tartrate  solution  above,  25  grams  of  the  salt  being  dissolved 
in  50  cc.  of  water. 

Potassium  Cyanide.    Ten  per  cent  solution.    The  salt  should  be  lead-free. 

Sodium  Sulphide.  Ten  per  cent  solution,  made  from  colorless  crystals. 
Sodium  sulphide  may  be  made  by  saturating  a  strong  solution  of  sodium  hydroxide 
with  hydrogen  sulphide  gas,  and  then  adding  an  equal  volume  of  the  sodium 
liydroxide.  The  solution  is  diluted  to  required  volume,  allowed  to  stand  several 
days,  and  filtered. 

Sodium  metabisulphite.     Solid  salt  of  NasS206.  * 

Apparatus.  The  color  comparison  may  be  made  in  Nessler  tubes,  or  in  a 
colorimeter.     The  Campbell  and  Hurley  modification  of  the  Kennicott-Sargent 

»  Ni  up  to  0.1%,  As  up  to  0.2%,  Zn  0.2%,  Sb  0.05%,  Cu  0.25%,  Fe  1.0%,  Al  10^. 
Sn  up  to  1.4%  do  not  interfere. 

*  J.  W.  Mellor,  "  A  Treatise  on  Quantitative  Inorganic  Analysis." 
»  A.  G,  V.  Harcourt,  Jour.  Chem.  Soc.  97,  841,  1900. 

*  Recommended  by  W.  S.  Allen  for  reduction  of  iron. 
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colorimeter  is  excellent  for  this  purpose,'  Fig.  43.    The  colorimeter  is  simple  in 
construction  and  operation. 

The  tubes  for  holding  the  solutions  to  be  compared  are  those  of  one  of  the 
well-known  colorimeters,  in  which  the  unknown  solution  is  placed  in  the  left-hand 
tube  while  the  color  is  matched  by 
raising  or  lowering  the  level  of  a 
standard  solution  in  the  right-hand      ,  4Ho/e^. 

tube  by  means  of  a  glass  plunger   j^f^^^^ 
working  in  an  attached  reservoir. 

The  accompan3ring  diagram 
shows  the  essential  features  of  con- 
struction of  the  colorimeter  em- 
ployed in  the  tests  described  below. 
The  unknown  solution  is  placed  in 
the  left-hand  tube  A,  which  is  19  cm. 
long,  3  cm.  in  diameter,  and  gradu- 
ated for  15  cm.  The  standard  solu- 
tion is  placed  in  the  right-hand 
tube  Bf  which  is  the  same  size  as 
A,  the  graduated  portion  being 
divided  into  100  divisions  of  1.5  mm. 
each.  The  tube  B  is  permanently 
connected  by  a  glass  tube  with  the 
reservoir  C  in  which  the  glass 
plunger  D  works,  so  that  the  level 
of  the  liquid  in  B  can  be  readily 
controlled  by  raising  or  lowering  the 
plunger.  As  the  tube  B  and  reser- 
voir C  are  made  in  one  piece,  the 
liquid  used  for  the  standard  solution 
conies  in  contact  with  glass  only, 
thus  preventing  any  possibility  of 
chemical  change  due  to  contact  with  the  container.  The  plunger  is  provided 
with  a  rubber  collar  E,  so  placed  as  to  prevent  the  plunger  from  accidentally 
striking  and  breaking  the  bottom  of  the  reservoir.  The  tubes  A  and  B,  with 
the  connecting  reservoir,  rest  on  wooden  supports,  the  one  under  A  and  B  being 
provided  with  holes  for  the  passage  of  the  light,  and  are  held  in  position  by 
spring  clips  F  F.  This  arrangement  allows  the  glass  parts  to  be  readily  removed 
for  cleaning  and  filling.  The  light  for  illuminating  the  solution  is  reflected 
upward  through  the  tubes  A  and  B  by  means  of  the  adjustable  mirror  G.  The 
best  results  are  obtained  by  facing  the  colorimeter  toward  a  north  window  in  order 
to  get  reflected  skylight  through  the  tubes,  care  being  taken  to  avoid  light  reflected 
from  adjacent  objects.  The  black  wooden  back  of  the  colorimeter  ser\'es  the 
double  purpose  of  a  support  for  the  parts  of  the  instrument  and  of  a  screen,  as 
it  is  interposed  between  the  color  tubes  and  the  source  of  light. 

The  light,  passing  upward  through  the  tubes  A  and  B,  impinges  on  the  two 
mirrors  H  and  I  cemented  to  brass  plates  sliding  in  grooves  cut  t»t  an  angle  of 
45®  in  the  sides  of  the  wooden  box  J,  This  box  is  supplied  with  a  loosely-fitting 
cover,  thus  allowing  easy  access  for  the  purpose  of  removing  and  cleaning  the 

»Jour.  Am.  Chem.  See,  33,  1112,  July,  1911. 


Fia.  43. — Hurley's  Colorimeter. 
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mirrors.  The  mirror  H  is  cut  vertically  and  cemented  in  such  a  position  as  to 
reflect  one-half  of  the  circular  field  of  light  coming  through  the  tube  A.  The 
light  passing  upward  through  B  is  reflected  horizontally  by  the  mirror  /,  through 
a  hole  in  the  brass  plate  supporting  the  mirror  H,  One-half  of  the  circular  field 
of  light  from  the  tube  B  is  cut  off  by  the  mirror  Hj  the  vertical  edge  of  which 
acts  as  a  dividing  line  between  the  two  halves  of  the  circular  field.  The  image 
of  one-half  of  -the  tube  B  is  then  observed  in  juxtaposition  to  the  opposite  half 
of  the  image  of  the  tube  A, 

The  juxtaposed  images  are  observed  through  a  tube  K,  2.5  cm.  in  diameter 
and  16  cm.  long,  lined  with  black  felt  and  provided  with  an  eye-piece  having  a 
hole  1 .5  mm.'^n  diameter.  At  the  point  M  in  the  tube  K  is  placed  a  diaphragm 
having  an  aperture  8  mm.  in  diameter.  All  parts  inside  the  box  J  except  the 
mirrors  are  painted  black  so  that  no  light  except  that  coming  through  the  tubes 
A  and  B  passes  through  the  tube  K.  By  having  the  apertures  in  the  eye-piece 
and  diaphragm  properly  proportioned  only  the  image  of  the  bottoms  of  the 
tubes  A  and  B  can  be  seen,  thus  preventing  interference  of  light  reflected  from 
the  vertical  sides  of  the  tubes  A  and  B. 

A  person  looking  through  the  eye-piece  observes  a  single  circular  field  divided 
vertically  by  an  almost  imperceptible  line  when  the  two  solutions  are  of  the  same 
intensity.  By  manipulating  the  plunger  D,  the  level  of  the  liquid  in  B  can  be 
easily  raised  or  lowered,  thus  causing  the  right  half  of  the  image  to  assume  a 
darker  or  lighter  shade  at  will.  In  matching  colors  with  an  ascending  colunn 
in  B,  that  is,  gradually  deepening  the  color  of  the  right  half  of  the  field,  the 
usual  tendency  is  to  stop  a  little  below  the  true  reading  while  in  a  comparison 
with  a  descending  column  the  opposite  is  the  case. 

Procedure.  If  lead  is  between  10  to  50  parts  per  million  a  1-gram  sample 
is  taken.  If  it  is  above  or  below  these  extremes  the  amount  of  sample  is  regu- 
lated accordingly.  In  materials  containing  organic  matter  it  is  not  advisable 
to  take  more  than  a  1-gram  sample. 

Substances  containing  organic  matter,  such  as  starch  in  baking  jx)wder, 
should  be  decomposed  by  fusion  with  sodium  peroxide,  sodium  or  potassium 
sulphate  containing  a  few  drops  of  sulphuric  acid.  A  Kjelddhl  digestion  with 
concentrated  sulphuric  acid  and  potassium  bisulphate  may  occasionally  be 
advisable.  Sulphuric  acid  discolored  by  organic  matter  should  be  mixed  with 
4  to  5  grams  of  potassium  bisulphate,  taken  to  fumes  md  then  diluted  with 
water.  The  material  may  be  extracted  with  ammoniim  acetate  and  lead 
determined  in  the  extract.    Sec  notes. 

To  the  solution  containuig  the  sample  are  added  10  cc.  of  tartrate  solution 
(or  20  cc.  of  citrate  solution  with  phosphates  of  lime,  etc.),  10  cc.  of  hydrochloric 
acid  and  the  mixture  brought  to  boiling.  Small  amounts  of  ferric  iron  are  now 
reduced  by  adding  0.5  gram  sodium  metabisulphite.  Suflficient  ammonium 
hydroxide  is  added  to  neutralize  the  free  acid  and  5  cc.  in  excess;  then  3  cc.  potas- 
sium cyanide  (to  repress  any  copper  color  that  may  be  present  to  reduce  higher 
oxides),  and  the  mixture  heated  until  the  solution  becomes  colorless.  The  entire 
solution  or  an  aliquot  portion  is  placed  in  the  comparison  cylinder,  and  diluted 
to  nearly  100  cc.  If  the  Kennicott-Sargent  apparatus  is  used  the  standard  color 
solution  is  forced  into  the  adjacent  cylinder,  until  the  color  in  this  cylinder  matches 
the  one  containing  tlie  sample.  The  numl)er  of  cc.  of  the  standard  is  noted.  This 
blank  is  due  to  the  slight  color  that  the  solutions  of  the  samples  invariably  have. 
Four  drops  of  the  sulphide  reagent  are  added  to  the  sample  and  this  is  mixed 
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by  means  of  a  plunger,  avoiding  any  more  agitation  than  is  absolutel}'  necessary 
lo  make  the  solution  homogeneous.  After  one  minute  the  comparison  is  again 
made,  the  colored  standard  being  forced  into  the  cylinder  until  its  color  matches 
the  sample.  It  is  advisable  to  take  several  readings  with  ascending  and  descend- 
ing column  of  standard  reagent,  taking  the  average  as  the  true  reading. 

CalculatiDD.  Suppose  the  standard  =0.000001  gram  Pb  per  cc.,  blank  =5  cc, 
total  reading  =22  cc,  one  gram  of  sample  being  taken  for  analysis.  Then 
22-5  =  17  cc.  =0.0017%  Pb  or  17  parts  per  million. 


Notes.  Iron  must  be  completely  reduced  before  adding  ammonium  hydroxide 
and  pota.'wium  cvanide. 

Allen's  method  of  reducing  iron  with  sodium  metabisulphate  is  excellent.  The  salt 
mav  be  made  by  passing  S()j  into  a  saturated  solution  of  sodium  carbonalc  at 
boiling  temperature,  until  the  li<]iior  is  just  acid  to  methyl  orange.  The  water 
evaporated  during  the  treatment  is  replaced  during  the  action.  Nai8|0(  separates 
ana  may  be  filtered  ofF  and  the  water  removed  by  centrifuging. 


Fio.  44. — Cooper  Hewitt  Mercury  Light. 

The  Cooper  Hewitt  Mercury  light  Ls  excellent  for  colorimetric  lead  determina- 
tions, where  an  artificial  light  is  desired.  The  yellow  shades  appear  yellowish- 
green  and  may  be  matched  more  readily  than  the  yellows  obtained  by  daylight. 

The  illustration.  Fig.  44,  shows  the  type  of  light  recommended  for  this  work. 

If  a  separation  from  iron  is  de.sired,  the  lead  may  be  extracted  with  ammonium 
acetate  solution.  Ten  grams  of  the  powdered  material  are  mixed  with  75  cc.  of 
a  33%  ammonium  acetate  solution  '  (25  grams  of  the  salt  dissolved  in  50  cc.  HtO), 
the  reagent  being  added  boiling  hot.  The  mixture  is  diluted  to  500  cc,  a  portion 
filtered,  and  the  determination  made  on  an  aliquot  part  of  the  total,  following 
the  directions  above. 

>  The  ammooium  acetate  should  be  free  from  lead. 
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ANALYSIS  OF  METALLIC   LEAD 
Determination  of  Impurities  in  Pig;  Lead — Complete  Analysis  ^ 

.  The  following  substances  are  generally  estimated  in  the  complete  analysis 
of  lead:  silver,  bismuth,  copper,  cadmium,  arsenic,  antimony,  tin,  iron,  cobalt, 
nickel,  manganese  and  zinc.    • 

Determination  of  Silver 

This  is  determined  by  assay  of  100  grams  of  lead.  The  substance  is  placed 
in  a  3-in.  scorifier  and  heated  in  a  muffle  furnace  until  the  assay  "  covers."  It 
is  then  poured  into  a  mould,  allowed  to  cool  and  the  button  thus  obtained  again 
scorified  until  a  final  button  weighing  about  20  grams  is  obtained.  This  is 
cupeled  and  silver  determined  as  usual.  If  the  silver  bead  is  large  it  should  be 
parted  for  gold. 

Determination  of  Bismuth 

In  determining  bismuth  three  cases  arise:  A.  The  ordinary  method.  B. 
Procedure  for  determining  minute  amounts  of  bismuth.  C.  Method  in  presence 
of  comparatively  large  amounts  of  antimony  and  tin. 

A.  Twenty  grams  of  lead  are  dissolved  in  100  cc.  of  hot  dilute  nitric  acid 
(1  :  4).  If  the  solution  is  complete,  dilute  ammonium  hydroxide  is  added,  drop 
by  drop,  until  a  faint  opalescence  is  observed  in  the  solution.  If  a  precipitate  is 
formed,  this  must  be  dissolved  by  addition  of  nitric  acid  and  the  anmionia 
treatment  repeated.  Now  5  cc.  of  dilute  hydrochloric  acid  are  added  (1  :  9) 
and  the  solution  diluted  to  400  cc.  and  heated  to  boiling.  The  bismuth  oxy- 
chloride  is  allowed  to  settle  on  the  st^am  bath  for  vseveral  hours,  the  clear  solu- 
tion is  then  decanted  through  a  7  cm.  filter  (S.  &  S.  No.  589),  the  precipitate 
transferred  to  the  paper  and  washed  with  hot  water.  (The  solution  is  refiltered 
if  cloudy.)  The  precipitate  is  dissolved  with  5  cc.  of  hydrochloric  acid  (1  :  2), 
the  acid  being  added  around  the  edge  of  the  filter  w^ith  a  pipette.  The  pap)er 
is  washed  and  the  solution  diluted  to  300  cc.  and  brought  to  boiling.  The 
precipitate  is  filtered  into  a  weighed  Goocli  crucible,  washed  several  times  with 
water,  then  once  with  alcohol  and  finally  with  ether.  It  is  dried  in  the  oven  and 
weighed  as  BiO(,^l. 

HiOClX.802=Bi. 

B.  Determination  of  minute  amounts  of  bismuth  is  made  as  follows:  100 
grams  of  lead  are  dissolved  in  500  cc.  of  dilute  nitric  acid  (1  :  4),  and  the  cooled 
solution  treated  with  sufficient  saturated  solution  of  sodium  carbonate  to  pro- 
duce a  hea\y  precipitate.  After  settling,  then  decanting  off  the  clear  solution, 
the  precipitate  is  filtered  onto  a  filter  and  drained.  Without  washing  this  is 
dissolved  with  the  least  amount  of  nitric  acid  that  is  required.  The  solution  is 
then  neutralized  with  ammonia  as  before  (method  A)^  litmus  paper  being  used 
as  an  indicator,  and  bismuth  determined  as  directed  under  the  first  procedure. 

C.  In  presence  of  considerable  amounts  of  antimony  and  tin,  the  bismuth  is 
precipitated  as  in  case  A,  the  precipitate  dissolved  in  hot  hydrochloric  acid 
(1  :  2),  and  the  solution  diluted  to  200  cc.    The  sulphides  of  antimony,  tin,  etc., 

*  Method  of  the  National  Lead  Company,  modified. 
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are  precipitated  with  HjS,  antimony  and  tin  dissolved  out  with  a  solution  of 
potassium  hydroxide  and  sulphide  water  (1  part  20%  KOH  to  4  parts  H2S  water), 
and  the  residue  washed.  This  is  dissolved  in  20  cc.  of  hot  nitric  acid  (1  :  4),  and 
bismuth  determined  as  usual  in  the  filtrate. 

Determination  of  the  Remaining  Elements 

222.23  grams  of  the  sample  of  lead  are  dissolved  in  1100  cc.  of  dilute  nitric 
acid  (1  :  4)  in  a  large  beaker.  If  the  solution  is  turbid,  appreciable  amounts 
of  antimony  and  tin  are  indicated  with  possible  sulphur  combined  as  PbS04. 
In  thi?  case  it  is  filtered  into  a  2000-cc.  flask.  If  the  solution  is  clear  it  is 
transfcrretl  directly  to  the  flask. 

Residue  I.     May  contain  As,  Sb,  Sn,  Filtrate  I.    Contains  all  the  elements 

PbS04.  present  in  the  sample. 

Residue  I.  The  residue  and  filter  is  treated  with  20  cc.  of  tartaric  acid 
mixture  (50  grams  tartaric  acid,  250  cc.  of  water  and  250  cc.  of  concentrated 
hydrochloric  acid).  After  boiling  the  mixture  is  digested  on  the  steam  bath  for 
half  an  hour,  then  50  cc.  of  hot  water  added  and  the  solution  filtered.  The  filter 
paper  is  ignited  and  any  residue  is  dissolved  by  fusion  with  1  gram  of  potassium 
hydroxide  in  a  silver  dish.  The  water  extract  of  this  fusion  is  added  to  the  tar- 
trate  solution.  Now  ammonia  is  added  until  the  solution  is  alkaline  and  then 
hydrochloric  acid  until  it  is  slightly  acid.  Hydrogen  sulphide  is  now  passed  in 
to  saturation,  the  precipitate  digested  on  the  steam  bath  for  fifteen  to  twenty 
minutes  and  hydrogen  sulphide  again  passed  into  the  solution  about  fifteen 
minutes.  The  sulphides  are  filtered  off,  arsenic,  antimony  and  tin  sulphides  dis- 
solved with  5  cc.  (1  :  5)  potassium  hydroxide  in  25  cc.  of  saturated  HjS  water. 
The  solution  is  diluted  to  111  cc,  and  100  cc. — equivalent  to  200  grams  of  sam- 
ple— preserved  for  subsequent  analysis.    This  solution  is  marked  "  Extract  C." 

Filtrate  I.  This  solution,  containing  practically  all  of  the  material,  is 
treated  with  150  cc.  of  dilute  sulphuric  acid  (1  :  1),  and  the  solution  made  to 
volume — 2000  cc.  It  is  now  transferred  to  a  3-liter  flask,  the  graduated  flask 
rinsed  out  into  the  main  solution  with  50  cc.  of  water.  (The  PbS04  precipitate 
found  to  occupy  space  of  50  cc.)  When  the  precipitate  has  settled,  1800  cc. 
are  decanted  off.  This  represents  200  grams  of  the  sample.  The  solution  is 
lx>iled  down  in  a  No.  9  porcelain  evaporating  dish,  heating  first  over  the  free 
flame  and  finally  on  the  steam  bath  until  only  a  moist  residue  remains.  Fifty 
cc.  of  water  is  added,  the  residue  transferred  to  a  beaker  and  digested  for  several 
hours,  preferably  overnight,  and  then  filtered. 

Residoe  n.    This  may  contain  PbSOi,        Filtrate    II.    This  may  contain  Cu, 
As,  Sb,  Sn  salts.  Bi,   Cd,  Sn,   Sb,  As,  Fe,  Co,   Ni 

and  Zn. 

Residue  n.  This  is  treated  as  has  been  described  for  residue  I.  The 
entire  solution  is  added  to  the  Extract  C.  The  residue,  consisting  of  PbSO*,  is 
rejected. 

Filtrate  11.  This  is  made  neutral  with  ammonium  hydroxide  and  then  con- 
cent rated  hydrochloric  acid  added  in  such  an  amount  that  the  solution  will 
contain  4%  free  acid.  (HCl  sp.gr.  1.2,  4  cc.  per  100  of  solution.)  Hydrogen 
sulphide  is  now  passed  into  the  hot  solution  until  it  is  saturated,  the  precipitate 
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settled  on  the  steam  bath  for  half  an  hour  and  hydrogen  sulphide  again  passed  ' 
in  for  fifteen  minutes.    The  precipitate  is  filtered  off  and  washed  with  HjS 
water  slightly  acidified  w4th  hydrochloric  acid. 

Residue    III.    May    contain    CuS,        Filtrate    m.     May  contain  ions  of 
BijS,,  CdS,  As^a,  Sb,S,,  SnS.  Fe,  Al,  Co,  Ni,  Mn  and  Zn.    This 

filtrate  is  marked  "  B." 

Residue  III.  The  sulphides  are  extracted  with  potassium  hydroxide  and 
hydrogen  sulphide  solution.  This  dissolves  out  arsenic,  antiniony  and  tin.  This 
extract  is  combined  with  the  extract  marked  "  C."  ^ 

The  residue  remaining  is  marked  "  Residue  A." 

The  constituents  of  the  sample  have  now  been  isolated  in  the  groups. 

Residue  "  A  "  contains  the  sulphides  of  copper,  bismuth  and  cadmium. 

Filtrate  "  B  "  contains  such  elements  as  do  not  precipitate  as  sulphides  in 
acid  solution — iron,  aluminum,  manganese,  cobalt,  nickel  and  zinc. 

Extract  "  C  "  includes  the  elements  arsenic,  antimony  and  tin. 

Determination  of  Arsenic,  Antimony,  and  Tin  in  Pig;  Lead 

The  combined  alkali  sulphide  solutions:  "  Extract  C  "  is  washed  into  a 
beaker  and  acidified  with  20  cc.  of  nitric  acid  and  5  cc.  of  hvdrochloric  acid. 
The  solution  is  evaporated  to  dryness  on  the  steam  bath.  The  residue  is  dissolved 
in  200  cc.  of  water  and  10  grams  of  oxalic  acid  added,  together  with  10  grams 
of  ammonium  oxalate,  and  the  solution  heated  until  clear. 

Hydrogen  sulphide  gas  is  now  passed  into  the  hot  solution  for  forty-five 
minutes. 

Precipitate.    AS2S3,  Sb2Sj.  Filtrate  contains  Sn. 

Arsenic.  The  precipitate  containing  arsenic  and  antimony  is  placed  in  a 
distilling  flask,  strong  hydrochloric  acid  added  and  arsenic  separated  from 
antimony  by  distillation  with  a  current  of  HCl  gas  according  to  the  regular  pro- 
cedure. If  a  precipitate  of  arsenic  sulphide  forms  in  the  distillate,  it  is  advis- 
able to  precipitate  the  arsenic  as  sulphide,  oxidize  the  compound  to  form 
sulphate  and  arsenic  acid,  and  after  reduction  of  the  arsenic  to  titrate  it  with 
standard  iodine.  This  oxidation  may  be  accomplished,  before  distillation  with 
hydrochloric  acid.    For  details  of  the  procedure  see  chapter  on  Arsenic,  page  33. 

Antimony  is  determined  in  the  residue  in  the  flask  by  titration  with  N/10 
potassium  hmmatc  or  by  the  potassium  iodide  method. 

I.  2KBr03+2HCl+3Sl)203  =2KCl-h2IIBr-f  aSb^Os. 

II.  (a)  8b2Cl5-f2KI=Sb2(l3-f2KCl-fl2. 
ih)  l2+2Xa2S203=2XaI-fXa2S40.. 

For  details  of  the  procedure  see  chapter  on  Antimony,  pages  25  and  26. 

Determination  of  Copper  and  Cadmium  in  Pig  Lead 

Tho  residue  '*  A  "  is  taken  for  this  analysis.  If  copper  exceeds  0.0025% 
niothocl  I  is  used.  If  the  copper  percentage  is  below  this  amoimt  the  procedure 
II  is  followed. 
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Method  I.  The  residue  is  dissolved  by  heating  with  20  cc.  of  nitric  acid 
(1  : 4)  and  the  solution  filtered  into  a  beaker.  The  filter  is  ignited  and  the 
residue  dissolved  in  nitric  acid  (1:1)  and  the  solution  added  to  the  first  por- 
tion. The  volume  should  not  exceed  100  cc.  Ammonium  hydroxide  is  added 
until  the  solution  is  strongly  ammoniacal  and  then  5  grams  of  potassium  cyanide. 
Hydrogen  sulphide  is  passed  into  the  cold  solution  to  saturation,  and  the 
solution  filtered. 

Precipitate  =AgS,  Bi^Sa,  CdS.  FUtrate=Cu  in  solution. 

The  filtrate  containing  the  copper  is  evaporated  on  the  steam  bath  to  a 
volume  of  20  to  30  cc.  in  a  4-in.  casserole.  Now  20  cc.  of  sulphuric  acid  (1:1) 
are  added  (hood),  and  the  solution  evaporated  until  SOs  fumes  are  evolve<i. 
The  cooled  concentrate  is  diluted  with  water  and  filtered,  if  necessary.  Three  cc. 
of  nitric  acid  are  added  per  100  cc.  of  solution  and  the  copper  deposited  by 
electrolysis  according  to  the  regular  procedure  and  weighed  as  metallic  copper. 
For  detailed  method  see  chapter  on  Coj)pcr,  page  155. 

The  precipitate  containing  silver,  bismuth  and  cadmium  is  dissolved  in  20  cc. 
of  nitric  acid  (1  :  4),  1  cc.  of  1%  sodium  chloride  solution  is  added,  the  solution 
digested  half  an  hour  and  then  filtered  and  the  filter  washed  with  water. 

Precipitate  -AgCl,  reject.  Filtrate  -Cd(N03)2  and  Bi(NO,)s. 

The  filtrate  is  made  slightly  alkaline  with  sodium  carbonate  added  in  slight 
excess,  and  5  grams  of  potassium  cyanide  are  then  added.  After  digesting  on  the 
steam  bath  for  half  an  hour  the  solution  is  filtered  and  the  residue  washed  with 
59c  sodium  carbonate  solution. 

Precipitate  contains  bismuth,  reject.  Filtrate  contains  cadmium. 

The  filtrate  is  now  treated  with  a  few  cc.  of  ammonium  sulphide  and  the 
yellow  cadmium  sulphide  is  filtered  into  a  weighed  Gooch  crucible,  then  washed, 
dried  and  finally  weighed  as  CdS. 

CdSX0.778=Cd. 

Method  II-  Small  amounts  of  copper.  The  filter  containing  the  sulphides 
18  ignited  in  a  porcelain  crucible  and  the  residue  dissolved  in  5  to  10  cc.  of  nitric 
acid  (1  :  1),  and  the  solution  evaporated  to  pastiness.  One  cc.  of  sulphuric  acid 
fl  :  1)  is  added  together  with  a  few  drops  of  10%  sodium  chloride  solution  and  the 
mixture  evaporated  to  SOj  fumes,  the  cooled  product  then  diluted  with  water 
and  filtered  from  the  lead  and  silver  precipitates. 

Ammonia  is  now  added  to  the  filtrate  together  with  5  grams  of  potassium 
cyanide  and  CdS  and  BiSi  are  precipitated  with  HjS,  as  in  ca.se  I,  and  filtered  off. 

Precipitate — CdS    and    BiaSa.    Bis-  Filtrate.    The  solution  is  made  acid 

muth    is    removed    as    before    and  in  the  hood  with  H2SO4,  then  taken 

cadmium    sulphide    again    precipi-  to  SOj  fumes  and  copper  determined 

tated    and    the  compound  titrated  by  the  potassium  iodide  method, 
with  X/10  iodine  solution. 
1  cc.  X/10  1=0.00562  gram  Cd. 
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Determination  of  Iron,  Cobalt,  Nickel,  Mang;anese  and 

Zinc  in  Pig  Lead 

Iron  and  Alumina.  The  filtrate  "  B  "  from  members  of  the  Hydrogen 
Sulphide  Group  is  evaporated  to  100  and  the  iron  oxidized  with  a  few  drops  of 
nitric  acid  as  usual.  Iron  (and  alumina)  hydroxide  is  now  precipitated  by  addition 
of  ammonia.  It  is  advisable  to  dissolve  this  precipitate  in  hydrochloric  acid  and 
reprecipitate  the  iron  to  recover  the  occluded  manganese  and  zinc.  The  com- 
bined filtrates  are  reserved  for  the  determination  of  the  remainder  of  the  elements. 
The  hydroxide  of  iron  is  ignited  and  weighed  as  Fe^Oa.  If  alumina  is  suspected, 
the  residue  is  dissolved  in  hydrochloric  acid  and  iron  determined  volumetrically. 
FcjOs  thus  obtained  is  subtracted  from  the  weight  of  the  first  determination, 
the  difference  being  due  to  the  alumina  present. 

FejO,  X 0.6994  =  Fe         Reciprocal  factor  =  1 .4298 

AI2O3  X  0.5303    =  Al         Reciprocal  factor  =  1 .8856 

Zinc.  The  filtrate  from  iron  precipitate  is  made  neutral  with  hydrochloric 
acid  and  then  15  drops  of  2N.'HCl  added  in  excess  and  zinc  precipitated  in  the 
pressure  flask  with  HsS.  (See  Figs.  3  and  4  in  chapter  on  Arsenic.)  The 
sulphide  of  zinc  is  filtered  off,  and  either  ignited  to  the  oxide  ZnO  and  so  weighed 
or  determined  by  a  volumetric  procedure.    See  chapter  on  Zinc. 

ZnO  X  0.8034  =Zn. 

H2SO4  X  0.6665  =Zn. 

Cobalt  and  Nickel.  These  are  best  determined  by  electrolysis,  being  deposited 
from  an  ammonium  sulphate  solution  according  to  the  procedure  described  for 
these  elements. 

If  a  separation  of  the  elements  is  desired  the  deposit  is  dissolved  in  acid, 
nickel  determined  by  O.  Brunck's  dimethylglyoxim.e  method,  and  cobalt  deter- 
mined by  difference. 

Manganese.  The  solution  from  nickel  and  cobalt  is  taken  to  dryness,  and  the 
residue  heated  to  expel  the  ammonium  salts  and  destroy  any  organic  matter 
present.  This  is  taken  up  with  a  little  hydrochloric  acid,  then  2  to  3  cc.  of 
sulphuric  acid  added  and  the  mixture  evaporated  to  SO3  fumes  to  expel  the  hydro- 
chloric acid.  When  nearly  all  the  free  acid  is  driven  off,  the  moist  residue,  cooled, 
is  treated  with  50  oc.  of  nitric  arid  (1  :  3),  and  manganese  determined  in  the 
solution  preferably  by  the  bismuthate  method.  For  minute  amounts  of  man- 
ganese the  colorimetric  procedure  is  used.     See  chapter  on  Manganese,  page  267. 
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Wilfred  W.  Scott 
Ms,  ai.wt.  24^2;  sp.gr.  1.69-1.75;  m.p.  651"" ';  b.p.  1120°  C.^;  oxide  MgO. 

DETECTION 

In  the  usual  course  of  analysis  magnesium  is  found  in  the  filtrate  from  the 
precipitated  carbonates  of  barium,  calcium,  and  strontium.  The  general  procedure 
for  removal  of  the  preceding  groups  may  be  found  in  the  section  on  Separa- 
tions given  on  the  following  page,  254.  Magnesium  is  precipitated  as  white 
magnesium  ammonium  phosphate,  MgNH4P04,  by  an  alkali  phosphate,  NasHP04, 
\aXH4HPO4,  etc.,  in  presence  of  ammonium  chloride  and  free  ammonia.  The 
precipitate  forms  slowly  in  dilute  solution.  This  is  hastened  by  agitation  and 
by  rubbing  the  sides  of  the  beaker  during  the  stirring  with  a  glass  rod.  Cr>'stals 
soon  appear  on  the  sides  of  the  beaker  in  the  path  of  contact,  and  finally  in 
the  solution. 

Baryta  or  lime  water  added  to  a  solution  containing  magnesium  produces 
a  white  precipitate  of  magnesium  hydroxide. 

I3oth  the  phosphate  and  the  hydroxide  of  magnesium  are  soluble  in  acids. 

ESTIMATION 

The  element  is  determined  in  the  complete  analysis  of  a  large  number  of 
substances;  in  the  analysis  of  ores,  minerals,  rocks,  soils,  ce,iients,  water,  etc. 
The  following  are  the  more  important  ores  in  which  the  element  occurs:  Mag- 
nesit^?,  MgCOa;  dolomite,  CaCOa-MgCOj;  kieserite,  MgS04H20;  kainitc, 
Mg304K(:i-6H,0;  camallite,  MgCUKCl-6H,0;  in  the  silicates,  enstatite, 
MgSiOa;  talc,  HtMgj(SiO«)4;  meerschaum,  forsterite,  MgjSi04;  titanate,  MgTiOa; 
olivine,  MgjSi04-FejSi04;  serpentine,  H4Mg3Si204.  It  occurs  as  boracite, 
4MgB40T-2MgO-MgClj.  It  is  found  in  sea-water,  and  in  certain  mineral  waters. 
It  occurs  as  a  phosphate  and  carbonate  in  the  vegetable  and  animal  kingdoms, 
eivpecially  in  seeds  and  bones. 

Preparation  and  Solution  of  the  Sample 

In  solution  of  the  material  it  will  be  recalled  that  the  metal  Ls  soluble  in 
acids  and  is  also  attacked  by  the  acid  alkali  carbonates.  It  is  soluble  in  am- 
monium salts.  The  oxide,  hydroxide,  and  the  salts  of  magnesium  are  soluble 
in  acids.  Combined  in  silicates,  however,  the  substance  requires  fusion  with 
alkali  carbonates  to  bring  it  into  solution. 

General  Procedure  for  Ores.  One  gram  of  the  ore  is  treated  with  20  cc.  of 
str  >ng  hydrochloric  acid  and  heated  gently  until  the  material  is  decomposed. 
If  sulphides  are  present,  5  to  10  cc.  of  strong  nitric  acid  are  added  and  the  material 
decomposed  by  the  mixed  acids.     If  silicates  are  present  and  the  decompo- 

*  Circular  35  (2d  Ed.)  U.  S.  Bureau  of  Standards. 

*  Van  Nostrand's  Chem.  Annual— OLsen. 
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sition  is  not  complete  by  the  acid  treatment,  the  insoluble  material  is  decom- 
posed by  fusion  with  sodium  carbonate,  or  the  entire  sample  may  be  fused  with 
the  alkali  carbonate,  the  fusion  is  dissolved  in  hydrochloric  acid  and  taken  to 
dryness.  Silica  is  dehydrated  as  usual  by  heating  the  residue  from  the  evaporated 
solution.  This  is  taken  up  with  50  cc.  of  water  containing  about  5  cc.  strong 
hydrochloric  acid,  the  silica  filtered  off  and,  after  removal  of  the  interfering  sub- 
stances according  to  procediu^s  given  under  the  next  section  on  Separations, 
magnesium  is  determined  as  directed  in  the  sections  on  Methods. 

SEPARATIONS 

Removal  of  Members  of  the  Hydrogen  Sulphide  Group.  Copper,  Lead, 
Bismuth,  Cadmium,  Arsenic,  etc.  The  filtrate  from  silica  ^  is  diluted  to  about 
200  cc.  and  hydrogen  sulphide  gas  passed  in  until  the  members  of  this  group 
are  completely  precipitated.  The  sulphides  are  filtered  off  and  washed  with  HjS 
water  and  the  filtrate  and  wasihings  concentrated  by  boiling.  This  treatment 
is  seldom  necessary  in  analysis  of  many  silicates  and  carbonates  in  which  these 
elements  are  absent. 

Removal  of  Iron,  Aluminum,  Manganese,  Zinc,  etc.  The  concentrated 
filtrate  from  the  hydrogen  sulphide  group,  or  in  case  the  treatment  with  hydro- 
gen sulphide  was  not  required,  the  filtrate  from  silica,  is  boiled  with  a  few  cc. 
of  nitric  acid  to  oxidize  the  iron  (solution  turns  yellow),  about  5  cc.  of  concentrated 
hydrochloric  acid  added,  and  if  manganese  is  present,  15  to  20  cc.  of  a  saturated 
solution  of  bromine  water,  and  the  solution  made  alkaline  to  precipitate  iron, 
aluminum,  manganese.  If  zinc,  cobalt,  and  nickel  are  present,  these  are  best 
removed  as  sulphides  by  passing  hydrogen  sulphide  into  the  ammoniacal  solu- 
tion under  pressure.     (See  Fig.  3  and  Fig.  4,  pages  38  and  39.) 

Separation  of  Magnesiimi  from  the  Alkaline  Earths.  The  alkaline 
eartlis  are  precipitated  cither  as  oxalates,  recommended  when  considerable 
calcium  is  present,  or  as  sulphates,  recommended  in  presence  of  a  large  pro- 
portion of  barium,  the  magnesium  salts  being  soluble.  Magnesium  is  pre- 
cipitated from  the  filtrates  as  a  phosphate,  according  to  directions  given  later. 
Details  of  the  separation  of  magnesium  from  the  alkaline  earths  may  be  found 
in  the  chapter  on  Barium,  page  53. 

An  excellent  procedure  for  the  separation  by  means  of  sulphuric  acid  is 
to  evaporate  the  solution  to  dryness,  concentrating  first  in  a  porcelain  dish  and 
finally  to  dryness  in  a  platinum  dish,  and  then  adding  about  50  cc.  of  80^^ 
alcohol  and  sufficient  sulphuric  acid  to  combine  with  the  alkaline  earths  and 
magnesium,  with  slight  excess.  This  precipitates  barium,  strontium,  and  cal- 
cium as  sulphates,  while  the  greater  i)art  of  the  magnesium  is  in  solution. 
After  settling,  the  precipitate  is  filtered  and  washed  free  of  sulphuric  acid  by 
means  of  absolute  alcohol,  then  with  40^ ^  alcohol  to  remove  any  magnesium 
sulphate  remaining  with  the  precipitate.  Magnesium  is  determined  in  the 
filtrate  by  expelling  the  alcohol  by  evaporation,  and  then  precipitating  as  mag- 
nesium anmionium  phosphate  according  to  directions  given  for  the  determination 
of  this  element. 

Note.  Magnesium  is  prevented  from  precipitation  as  a  hydroxide  by  ammonia 
by  the  presence  of  ammonium  salts,  the  complex  salt  (Nll4)sMgCl4,  being  formed, 
which  is  readily  soluble. 

*  See  previous  paragraph. 
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GRAVIMETRIC  DETERMINATION  OF   MAGNESIUM 

Precipitation  of  Magnesium  by  a  Soluble  Phosphate  as 
Ammonium  Magnesium  Phosphate 

Magnesium  is  determined  in  the  filtrate  from  calcium  oxalate  by  the  addition 
of  sodiiun  ammonium  phosphate  to  a  hot  slightly  acid  or  neutral  solution  followed 
by  a  definite  amount  of  ammonia.  The  practice  of  precipitating  magnesium  from 
a  cold  solution  necessitates  a  double  precipitation  as  the  composition  of  the 
phosphate  is  considerably  modified  by  that  of  the  solution  in  which  the  precipi- 
tation takes  place,  so  that  it  is  necessary  to  adjust  conditions  by  having  a 
definite  amount  of  ammonia,  ammonium  salts  and  phosphate  for  the  approxi- 
mate amount  of  magnesium  present.^  Accurate  results  are  obtained  by  pre- 
cipitation of  the  compound  from  a  hot  solution  by  the  method  of  B.  Schmitz,* 
by  addition  of  the  soluble  phosphate  to  a  slightly  acid  solution  and  then  mak- 
ing ammoniacal,  or  that  of  W.  Gibbs,»  by  precipitation  of  the  amorphous 
magnesium  hydrogen  phasphate  in  a  neutral  solution  and  transforming  the  pre- 
cipitate to  magnesium  ammoniimi  phosphate  by  addition  of  anunonia  to  the  hot 
solution.  Upon  ignition  of  the  precipitate,  magnesium  pyrophosphate  (MgjPjOy) 
is  formed. 

Precipitation  Reactions. 

A,  Na,NH4P04+MgCU=2NaCl-f-MgXH4P04  (B.  Schmitz). 

B.  NaHNH4P04-f-MgC1,=NaCH-NH4Cl-f-MgHP04  and 
MgHP04+NH,=MgNH4P04  (W.  Gibbs). 

Decomposition  with  Heat. 

2MgNH4P04  =2NH,-f-H,0-f  MgaPaOr. 

Procedure.  The  acid  or  neutral  solution  containing  magnesium  in  presence  of 
ammonium  salts  is  heated  to  boiling  and  is  treated  with  an  excess  of  sodium 
or  ammonium  phosphate,  or  with  a  normal  solution  of  microcosmic  salt, 
NaHNH4P04'HiO,  stirring  constantly  during  the  addition.  Then  while  agi- 
tating, one-third  the  volume  of  10%  anunonium  hydroxide  is  added. 

The  crystalline  precipitate  is  allowed  to  settle  and  cool  for  two  or  three  hours, 
the  supernatant  liquid  is  filtered  off  and  the  precipitate  washed  three  times  by 
decantation  with  2.5%  ammonia.  The  precipitate  is  dried  and  then  transferred 
as  completely  as  possible  to  a  weighed  platinum  crucible,  the  ash  of  the  filter 
paper,  burned  separately,  is  added  and  the  compound  heated  gently  at  first,  the 
crucible  being  covered  until  the  ammonia  is  driven  off,  and  then  more  strongly 
until  the  mass  is  snow  white.  The  residue  is  cooled  in  a  desiccator  and  weighed 
as  MgiPsOr.  The  ammonium  magnesium  phosphate  may  be  filtered  directly 
into  a  weighed  Gooch  crucible  and  ignited,  thus  avoiding  the  carlwn  of  the  filter 
paper,  and  shortening  the  period  of  ignition,  less  heat  l>eing  rccjuired  to  obtain 
the  white  magnesium  pyrophosphate. 

1  F.  A.  C;ooch  and  M.  Austin,  Am.  Jour.  Sci.  (4),  7, 1S7,  18<>9.     W.  (Hbbs,  C.  X.,  28, 
51.  IS7:3.     H.  Struve,  ZcSt,  anal.  Chero.,  36,  289,  1897. 
»  Z.  anal.  Chem.,  612,  1906. 
»  Am.  Jour.  Sci.  (3),  6,  114,  1873. 
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Factors.!    MgJ»O7X0.3621  =MgO  or  0.2184  «Mg  or  X0.7572 

=  MgCX)sor  Xl.OSll  =MgS04  or  X 2.2143  =MgSO4-7H,0. 

Notes  on  Magnesium 

The  ignition  is  conducted  gently  at  first  to  gradually  oxidize  the  carbon  that  the 
precipitate  contains.  With  rapid  ignition  the  particles  are  inclosed  in  the  mass  in  a 
form  that  it  is  almost  impossiole  to  completely  oxidize,  so  that  the  final  residue  is 
gray  instead  of  white.  L.  L.  de  Koninck '  considers  that  the  blackening  of  the  precipi- 
tate is  frequently  due  to  the  presence  of  organic  bases  in  commercial  ammonia  and 
its  salts,  rather  than  to  the  fibers  of  filter  paper  occluded  in  the  mass.  With  caution, 
the  filter  and  residue  may  be  ignited  wet,  the  heat  being  low  until  the  filter  completely 
chars  and  then  being  increased,  with  the  cover  removed,  imtil  the  residue  is  white. 

Impurities.  The  precipitate  may  contain  traces  of  lime  that  remained  soluble 
in  ammonium  oxalate.  This  may  be  determined  by  dissolving  the  pyrophosphate 
in  dilute  sulphuiic  acid  followed  by  addition  of  9  to  10  volumes  of  absolute  alcohol. 
Calcium  sulphate,  CaS04.  precipitates  and  settles  out  on  standing  several  hours.  It 
may  be  filtered  off.  dissolved  in  hydrochloric  acid  and  precipitated  as  oxalate  in  the 
usual  way  and  so  aetermined. 

A  residue  remaining  after  treating  the  pyrophosphate  with  acid  is  generally  SiQs. 

The  presence  of  manganese  ma^  oe  detected  by  dissolving  the  magnesium  pyro- 
phosphate, MfoPjO?,  in  nitric  acid  and  oxidizing  with  sodium  bismuthate.  (See 
method  under  Man^nese.) 

Properties  of  Ammonium  Magnesium  Phosphate.  Readily  soluble  in  dilute 
acids.  One  hundred  cc.  of  pure  water  at  10°  C.  will  dissolve  0.0065  Kram.  The 
presence  of  ammonia  greatly  decreases  the  solubility  of  the  salt,  e.g.,  2.5^0  anunonia 
decreases  the  solubility  to  0.00006  gram  MgO  |)er  100  cc.  The  presence  of  ammonium 
salts  increase  the  solubility  of  the  precipitate,  e.g.,  1  gram  of  ammonium  chloride 
will  increase  the  solubihty  to  0.0013  gram  MgO.' 

VOLUMETRIC   DETERMINATION   OF    MAGNESIUM 

Titration  of  the  Ammonium  Magnesium  Phosphate  with 

Standard  Acid 

The  procedure  known  as  Handy 's  volumetric  method  for  magnesium,*  depends 
upon  the  reaction  MgNH4P04+H2S04=MgS04-f-NH4HtP04.  An  excess  of 
standard  sulphuric  acid  is  added  to  the  precipitate  and  the  excess  of  acid  titrated 
back  with  standard  ammonium  hydroxide. 

Procedure.  The  method  of  precipitation  of  the  magnesium  anmionium 
phosphate  is  the  same  as  has  been  described  under  the  gravimetric  method.  The 
precipitate  is  washed  several  times  by  decantation  with  10%  anmionium  hydrox- 
ide solution  (1  part  NH4OH,  sp.gr.  0.90  to  9  parts  water),  and  finally  on  the 
filter.  After  draining,  the  filter  is  opened  out,  the  moisture  removed  as  much  as 
possible  by  means  of  dry  filter  papers.  The  residue  may  be  dried  in  the  room 
for  about  forty-five  minutes  or  in  the  air  oven  at  50  to  60°  C.  for  fifteen  to 
twenty  minutes.*  When  the  filter  has  dried,  ammonia  will  have  been  expelled. 
The  substance  is  placed  in  a  dry  beaker,  N/10  sulphuric  acid  added  in  excess 
(methyl  orange  indicator),  the  solution  diluted  to  100  cc.  and  the  excess  of  acid 
titrated  with  N/10  sodium  hydroxide. 

One  cc.  N/10  H2SO4  =0.002  gram  MgO. 

1  Based  on  atomic  weights  of  1916. 
*Zeit.  analy.  Chem.,  29,  165,  1890. 
'Mellor,  "Quantitative  Inorganic  Analysis,"  J.  B.  Lippincott  Co.,  Pub. 

*  James  Otis  Handy,  Jour.  Am.  Chem.  Soc,  22,  31. 

*  Low,  **  Technical  Methods  of  Ore  Analysis/'  Wiley  &  Sons,  Pub. 
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Mn,  at.wt.  54.93;  sp.gr.  7.42  ^;  m.p.  ISW^;  b.p.  1900''  €  ^ ;  oxides,  MnO, 
MniOa,  (Mna04  ignition  in  air),  MnOs,  MnO„  MozO?. 

DETECTION 

In  the  usual  course  of  analysis  manganese  is  found  in  the  filtrate  from  the 
hydroxides  of  iron,  alumimnn  and  chromium,  the  previous  groups  having  been 
removed  with  hydrochloric  acid,  hydrogen  sulphide  and  ammonium  hydroxide  in 
presence  of  ammonium  chloride.  Manganese,  cobalt,  nickel  and  zinc  are  pre- 
cipitated as  sulphides  in  an  ammoniacal  solution.  The  sulphides  of  manganese 
and  zinc  are  diiMolved  by  cold  dilute  hydrochloric  acid,  H2S  expelled  by  boiling 
and  manganese  precipitated  as  the  hydroxide  by  addition  of  potassium  hydroxide 
in  sufficient  amoimt  to  dissolve  the  zinc  (sodium  zincate).  Manganese  is  now 
confirmed  by  dissolving  this  precipitate  in  nitric  acid  and  adding  red  lead  or 
lead  peroxide  to  the  strong  nitric  acid  solution.  A  violet-colored  solution  is  pro- 
duced in  presence  of  manganese.    Chlorides  should  be  absent. 

Manganese  in  soils,  minerals,  vegetables,  etc.,  is  detected  by  incinerating 
the  substance,  treating  the  ash  with  nitric  acid  and  taking  to  dryness,  the  residue 
is  taken  up  with  water  and  the  mbcture  filtered.  To  the  filtrate  is  added  a  few 
CO.  of  40%  ammonium  persulphate  and  a  httle  2%  silver  nitrate  solution.  A 
pink  color  is  produ6ed  in  presence  of  manganese. 

Manganese  compounds  heated  with  borax  in  the  oxidizing  flame  produce 
an  amethyst  red  color.    The  color  is  destroyed  in  the  reducing  flame. 

Fused  with  sodium  carbonate  and  nitrate  on  a  platinum  foil  manganese 
compounds  produce  a  green-colored  fusion  (" robin  egg  blue"). 

ESTIMATION 

Manganese  may  be  determined  accurately  gravimetrically  or  volumetrically. 
The  former  methods  may  be  used  for  high-grade  manganese  ores,  the  latter  are 
generally  preferred  for  determining  manganese  in  steel  and  in  alloys  and  are 
applicable  to  a  wide  range  of  substances. 

The  most  important  ore  of  manganese  is  pjTolusite,  Mnd.  Other  ores  are 
braunite,  MusOs;  hausmannite,  Mns04;  manganite,  MnsOa^HsO;  albanite, 
MnS;  haurite,  MnSs;  dialogite,  MnCOa;  rhodonite,  MnSiOi. 

Speigeleisen  or  ferromanganese  is  an  important  alloy  for  the  steel  industry. 
In  addition  to  the  requirement  of  the  element  in  the  analysis  of  the  above  sub- 
stances it  is  determined  in  certain  paint  pigments — green  and  violet  manganous 
oxides,  in  dryers  of  oils,  etc.    It  occurs  in  a  number  of  alloys. 

*Van  NoBtrand's  Chem.  Annual — Olsen. 

«  Circular  35  (2d  Ed.)  U.  S.  Bureau  of  Standards. 
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Preparation  and  Solution  of  the  Sample 

In  dissolving  the  sample  the  following  facts  will  be  recalled:  The  metal 
dissolves  in  dilute  acids,  forming  manganese  salt«.  The  oxides  and  hydroxides 
of  manganese  are  soluble  in  hot  hydrochloric  acid.  Manganous  oxide  is  soluble 
in  nitric  or  in  sulphuric  acid;  the  dioxide  is  insoluble  in  dilute  or  concentrated 
nitric  acid,  but  is  soluble  in  hot  concentrated  sulphuric  acid. 

Ores  of  Manganese.  A  sample  of  powdered  ore  weighing  1  gram  is  brought 
into  solution  by  digesting  with  25  to  50  cc.  of  strong  hydrochloric  acid  for  fifteen 
to  thirty  minutes  on  the  steam  bath.  If  much  silica  is  present  5  to  10  cc.  hydro- 
fluoric acid  will  assist  solution.  Five  cc.  of  sulphuric  acid  are  added  and  the 
mixture  evaporated  and  heated  until  fumes  of  sulphur  trioxide  are  evolved. 
The  residue  is  taken  up  with  a  little  water  and  warmed  until  the  sulphates  have 
dissolved.  If  decomposition  is  incomplete  and  a  colored  residue  remains,  this 
is  filtered  off,  ignited  in  a  platinum  dish  and  fused  with  a  little  potassium  bisul- 
phate.  The  fusion  is  dissolved  in  water  containing  a  little  nitric  acid  and  the 
solution  added  to  the  bulk  of  the  sample. 

If  manganese  is  to  be  determined  volumetrically  the  removal  of  iron  is  not 
necessar>'.  If,  however,  a  gravimetric  procedure  is  to  be  followed,  iron  and 
alumina  are  removed  by  the  basic  acetate  method  given  under  separations 
and  manganese  precipitated  in  the  filtrate.  In  presence  of  small  amounts  of 
iron  and  alumina,  precipitation  with  anunonia  in  presence  of  anmioniiun  chloride 
will  remove  these  elements  without  appreciable  loss  of  manganese,  a  double 
precipitation  being  usually  advisable.  For  volumetric  procedures  in  ores  con- 
taining over  2%  manganese  an  aliquot  portion  of  the  sample  is  taken  for  the 
detennination.     The  portion  should  not  contain  over  0.01  gram  of  manganese. 

Sulphide  Ores — Pyrites,  etc.  The  sample  is  either  roasted  to  oxidise  the 
sulphide  and  then  dissolved  in  hydrochloric  acid  as  above  stated  or  it  is  treated 
according  to  the  procedure  given  for  iron  p>Tites  under  sulphur. 

Slags.  These  may  bo  decomposed  with  hydrofluoric  and  hydrochloric  acid 
with  final  expulsion  of  these  acids  with  sulphuric  acid.  Manganese  is  best  deter- 
niinod  in  the  extract  by  a  volumetric  method. 

Iron  Ores.  The  treatment  is  the  same  as  that  recommended  for  ores  of 
manganese.  The  residue  remaining  upon  evaporation  with  sulphuric  acid  is 
dissolved  in  a  little  water  and  about  30  cc.  of  nitric  acid  (sp.gr.  1.135)  added. 
Manganese  is  now  determined  by  the  bismuthatc  method. 

Alloys.  Manganese  Alloys.  One  gram  of  ferromanganese  is  dissolved  in 
50  cc.  of  dilute  nitric  acid  (sp.gr.  1.135)  and  oxidized  with  sodium  bismuthate 
with  boiling.  The  cooled  solution  is  diluted  to  500  cc.  and  10  to  25  cc.  is  treated 
with  al)out  30  cc.  of  dilute  nitric  acid  and  manganese  determined  by  the  bis- 
muthate  method.  The  amount  of  sample  taken  is  governed  by  the  manganese 
content.  This  should  not  exceed  0.01  gram  of  the  element  if  the  volumetric  pro- 
cetlure  is  to  be  followed. 

Manganese  Bronze.  Five  grams  of  drillings  are  dissolved  in  dilute  nitric 
acid  (1.2),  in  a  large  beaker,  using  only  sufficient  acid  to  cause  solution.  If  much 
free  acid  is  ])resent  evaporation  to  small  volume  is  necessary  to  expel  the  nitric 
acid.  The  concentrate  is  diluted  to  200  cc.  and  hydrogen  sulphide  passed  in  to 
pre{i])itate  copi)er.  The  solution  is  diluted  to  250  cc.  and  50  cc.  filtered  off 
(  =  I  gram).  The  HstS  gas  is  expelled  by  boiling,  the  solution  being  concentrated  to 
about  1 5  cc.    Twenty-five  cc.  of  nitric  acid  are  added  and  manganese  precipitated 
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by  adding  potassium  clilorate  in  small  ))ortions.  The  chlorine  is  boiled  off  and  the 
precipitate  filtered  onto  asbestos  and  washed  with  concentrated  nitric  acid.  This 
is  now  deteimincd  volumetrically  by  treating  with  an  excess  of  ferrous  sulphate 
of  known  strength  and  titrating  the  excess  with  standard  permanganate. 

FesTO-titaniuin  Alloy.  This  is  best  decomposed  by  fusion  with  sodium  carbon- 
ate, to  which  a  pinch  of  sodium  peroxide  has  been  added.  The  fusion  is  extracted 
with  water  and  the  residue  containing  iron,  manganese  and  nickel  filtered  onto 
asbestos.  Manganese  is  dissolved  in  25  to  30  cc.  of  nitric  acid  by  treating  with 
SOj  gas  or  hydrogen  peroxide  and  manganese  determined  by  the  bismuthate 
method. 

Ferro-chromiumy  Metallic  Chromium.  These  are  best  decomposed  by  fusion 
with  sodiimi  peroxide  (five  times  the  weight  of  sample  taken),  the  fusion  being 
made  in  a  nickel  crucible.  The  treatment  is  now  the  same  as  that  recom- 
mended for  ferro-titanium. 

Ferro-aluminumy  Vanadium  Alloys.  The  method  used  for  steel  is  suitable 
to  either  of  these  substances. 

Molybdenum  Alloys.  The  alloy  is  decomposed  with  hydrochloric  acid,  and 
iron  separated  by  the  basic  acetate  method,  a  large  excess  of  acetate  being  used. 
Manganese  is  precipitated  as  the  dioxide  by  means  of  bromine  and  ammonia  by 
the  detailed  procedure  given  later.  Manganese  is  dissolved  in  nitric  acid  after 
reduction  in  the  acid  solution  by  addition  of  a  little  sodium  thiosulphate  or  SOi 
gas.  It  is  now  oxidized  to  permanganate  by  means  of  red  lead  and  determined 
either  colorimetrically  or  by  titration  with  a  standard  solution  of  sodium  arsenite. 

Tungsten  Alloys.  These  are  best  decomposed  by  treating  1  gram  of  the 
substance  with  5  to  10  cc.  of  hydrofluoric  acid  and  a  few  cc.  of  strong  nitric  acid 
and  digesting  until  the  solution  is  complete.  The  hydrofluoric  acid  is  expelled  ^ 
by  taking  to  dryness,  a  few  drops  of  sulphuric  acid  having  been  added.  The 
residue  is  taken  up  with  water  and  boiled  with  SOa  water.  The  solution  is 
made  to  definite  volume  and  manganese  detennined  volumetrically  on  an  aliquot 
[Kirtion. 

Silicon  Alloys.  One  gram  of  the  alloy  is  treated  with  50  cc.  of  dilute  nitric 
acid  (sp.gr.  1.2)  and  5  cc.  of  hydrofluoric  acid.  The  graphite  is  filtered  off  and 
the  hot  solution  treated  with  sodiiun  bismuthate  and  kept  boiling  for  about  fifteen 
minutes  after  the  manganese  dioxide  has  been  precipitated.  The  bismuthate 
method  for  estimating  manganese  is  recommended. 

Iron  and  SteeL  0.5  to  1  gram  of  steel  is  dissolved  by  heating  with  30  to 
50  cc.  of  dilute  nitric  acid  (1.135).  The  volumetric  method  by  oxidation  with 
sodium  bismuthate  is  gi^nerally  reconunended,  no  separations  of  other  substances 
being  required,  as  manganese  may  be  determined  directly  in  the  sample. 

Pig  Iron.    One  gram  of  the  drillings  is  dissolved  in  30  cc.  of  dilute  nitric  acid 

0.135  sp.gr.),  and  as  soon  as  the  action  has  ceased  the  sample  is  filtered  through  a 

7-cm.  filter  and  the  residue  washed  with  30  cc.  more  of  the  acid.    The  filtrate 

>     containing  the  manganese  is  now  treated  according  to  the  procedure  for  steel. 

^  Brearly  and  Ibbotson  state  that  although  neither  tungsten  nor  hydrofluoric  acid 
interfere  with  the  bismuthate  method  of  determining  man^^anese,  the  two  combined 
^   lead  to  erratic  results,  henoe  the  removal  of  hydrofluoric  acid  is  necessary. 
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SEPARATIONS 

This  section  includes  methods  of  special  separations  of  manganese  from 
elements  that  may  interfere  in  its  determination.  As  is  frequently  the  case, 
isolation  of  manganese  is  not  necessary,  since  it  may  be  determined  volumetri- 
cally  in  presence  of  a  number  of  elements,  which  would  interfere  in  its  gravimetric 
determination.  The  analyst  should  be  sufficiently  familiar  with  the  material 
to  avoid  needless  manipulations,  which  not  only  waste  time,  but  frequently  lead 
to  inaccurate  results. 

Removal  of  Eleme&ts  of  the  Hydrogen  Sulphide  Group.  This  sepa- 
ration may  be  required  in  the  analysis  of  certain  alloys  where  a  separation  of 
manganese  from  copper  is  required. 

The  acid  solution  containing  about  4%  of  free  hydrochloric  acid  (sp.gr.  1.2), 
is  saturated  with  hydrogen  sulphide  and  the  sulphides  filtered  off.  Manganese 
passes  into  the  filtrate.  This  treatment  will  effect  a  separation  of  manganese 
from  mercury,  lead,  bismuth,  cadmium,  copper,  arsenic,  antimony,  tin  and  the 
less  common  elements  of  the  group. 

Separation  of  Manganese  from  the  Alkaline  Earths  and  the  Alkalies. 
The  separation  is  occasionally  required  in  the  analysis  of  clays,  limestone, 
dolomite,  etc.  It  is  required  in  the  complete  analysis  of  ores.  In  the  usual 
course  of  a  complete  analysis  of  a  substance,  the  filtrate  from  the  hydrogen 
sulphide  group  is  boiled  free  of  H2S  and  is  treated  with  a  few  cc.  of  nitric  acid 
to  oxidize  the  iron.  The  solution  is  made  slightly  ammoniacal  with  ammonia, 
in  presence  of  ammonium  chloride,  whereby  iron,  aluminum  and  chromiimi  are 
precipitated  as  hydroxides.  The  filtrate  is  treated  with  hydrogen  sulphide  or 
colorless  ammonium  sulphide,  whereby  manganese,  nickel,  cobalt  and  zinc  are 
thrown  out  as  sulphides  and  the  alkaline  earths  and  alkalies  remain  in  solution. 

• 

Separation  of  Manganese  from  Nickel  and  Cobalt 

The  free  acid  of  the  sulphate  or  chloride  solution  of  the  elements  is  neutralized 
with  sodium  carbonate  and  a  slight  excess  added.  It  is  now  made  strongly  acid 
with  acetic  acid  and  5  grams  of  ammonium  acetate  added  for  every  gram  of  nickel 
and  cobalt  present.  The  solution  is  now  diluted  to  about  200  cc.  and  saturated 
with  hydrogen  sulphide,  whereby  nickel  and  cobalt  are  precipitated  as  sulphides 
and  manganese  remains  in  solution. 


Separation  of  Manganese  from  Iron  and  Aluminum,  Basic 

Acetate  Method 

The  procedure  effects  a  separation  of  iron,  aluminum,  titanium,  zirconium 
and  vanadium  from  manganese,  zinc,  cobalt  and  nickel. 

The  separation  depends  upon  the  fact  that  solutions  of  acetates  of  iron, 
aliunimun,  titanium,  zirconium  and  vanadium  are  decomposed  when  heated 
and  the  insoluble  basic  acetates  precipitated,  whereas  the  acetates  of  manganese, 
zinc,  cobalt  and  nickel  remain  undecomposed  when  boiled  for  a  short  time. 

Fe(C2Ha02)8+2HOH  =  2HC2H,02+Fe(OH)2  •  CHaOj. 
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The  solvent  action  of  the  hberated  acetic  acid  i»  prevented  by  the  addition  of 
sodium  acetate  *  which  checks  ionization  of  the  acid.  The  method  requires  care 
and  is  somewhat  tedious,  but  the  results  attained  are  excellent. 

Procedure.    To  the  cooled  acid  solution  of  the  chlorides  is  added  a  concen- 
trated aqueous  solution  of  sodium  carbonate  from  a  burette  with  constant  stir- 
ring until  the  precipitate  that  forms  dissolves  slowly.    A  dilute  solution  of  the 
carbonate  is  now  added  until  a  slight  pcnnanent  opalescence  is  obtained.     With 
the  weak  reagent  and  careful  addition  of  the  carbonate  drop  by  drop  the  proper 
neutralization  of  the  free  acid  is  obtained.    With  considerable  iron  present  the 
solution  appears  a  dark  red  color,  fading  to  colorless  as  the  quantity  of  iron 
decreases  to  a  mere  trace  in  the  solution.    Three  cc.  of  acetic  acid  (sp.gr.  1.044) 
are  added  to  dissolve  the  slight  precipitate.    The  more  perfect  the  neutnilization 
before  heating  the  less  amount  of  reagent  required  for  precipitating  iron — an 
excess  of  reagent  does  no  hann.    If  this  does  not  clear  the  solution  in  two 
minutes,  more  acetic  acid  is  added  a  drop  at  a  time  until  the  solution  clears, 
allowing  a  minute  or  so  for  the  reaction  to  take  place  with  each  addition.    The 
solution  is  diluted  to  about  500  cc.  and  heated  to  boiling  and  6  cc.  of  a  30%  sodium 
acetate  solution  added.     The  solution  is  boiled  for  one  minute  and  removed 
from  the  flame.     (Ix)nger  boiling  will  form  a  gelatinous  precipitate,  difficult  to 
wash  and  filter.)    The  precipitate  is  allowed  to  settle  for  a  minute  or  so,  then 
filtered,  while  the  liquid  is  hot,  through  a  rapid  filter  and  washed  with  hot,  5% 
scxlium  acetate  solution  three  times.    The  apex  of  the  filter  is  punctured  with  a 
glass  stirring  rod  and  the  precipitate  washed  into  the  original  beaker  in  which 
the  precipitation  was  made  with  a  fine  stream  of  hot,  1  :  1  hydrochloric  acid 
solution  from  a  wash  bottle.     (Dilute  UNOs  may  !)e  used  in  place  of  HCl.) 

A  second  precipitation  with  neutralization  of  the  acid  and  addition  of  sodium 
acetate  is  made  exactly  as  directed  above.  It  is  advisable  to  evaporate  the  sohi- 
tinn  to  small  volume  to  expel  most  of  the  free  mineral  acid  before  addition  of 
XajC'Oj  to  avoid  large  quantities  of  this  reagent.  The  filtrates  contain  man- 
ganese, zinc,  cobalt  and  nickel;  the  precipitate  iron,  aluminum,  titanium,  zirco- 
nium, vanadium. 

Separation  of  Manganese  as  the  Dioxide,  Mn02 

The  procedure  is  of  special  value  in  the  complete  analysis  of  ores  where  a  basic 
acetate  separation  of  iron  and  aluminum  has  !)een  made,  and  a  gravimetric  esti- 
mation of  other  constituents  in  the  solution  are  desired. 

The  procedure  depends  upon  the  principle  that  manganese  in  a  dilute  solu- 
tirm  of  manganous  salt  is  oxidized  to  manganese  dioxide  and  so  precipitated, 
when  boiled  with  bromine  or  certain  other  oxidizing  agents: 

MnCl,-f  Br,-f  2H,0  -  MnO,-f-2HC:i-f-2HBr. 

The  free  acid  formed  by  the  reaction  must  be  neutralized  either  by  anmionia 
or  by  the  presence  of  a  salt  of  a  weak  acid  such  as  sodium  acetate,  otherwise 
the  precipitation  of  manganese  will  be  incomplete.  In  presence  of  ammonium 
saltii  much  of  the  bromine  is  used  up  in  oxidizing  ammonia, 

MnCl,+3NH40H-f2Br=MnO(On)2-f-NH4Hr-f2Nn4a-f-HBr 
' :  odium  acetate  is  preferred  to  ammonium  acetate,  though  the  latter  may  be  used* 
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At  the  same  time  an  acid  is  formed,  which  reacts  with  the  free  ammonia.  It 
is  necessary  to  have  the  solution  amnion iacal  throughout  the  reaction  to  pre- 
vent resolution  of  the  manganese. 

Procedure.  To  the  solution  containing  manganese  is  added  4  to  5  grams  of 
sodium  acetate  (unless  already  present  in  excess),  the  solution  being  diluted 
to  about  200  cc.  Bromine  water  is  added  until  a  distinct  color  of  bromine  is 
evident.  The  mixture  is  boiled  and  kept  boiling  for  ten  to  fifteen  minutes, 
additional  bromine  being  added  in  small  portions.  The  precipitate  is  allowed 
to  settle  and  filtered  off.  The  filtrate  is  boiled  with  additional  bromine  to 
ascertain  whether  the  manganese  has  been  completely  removed  from  the  solution. 

If  ammonia  is  present,  as  is  frequently  the  case,  it  is  advisable  to  add  more 
of  the  reagent  fn)m  time  to  time,  the  solution  having  a  distinct  odor  of  ammonia 
after  the  last  portion  of  bromine  has  been  added.  When  large  amounts  of 
manganese  are  present,  several  separations  may  be  required  to  remove  the  element 
from  the  subsequent  filtrates. 

The  precipitated  dioxide  may  be  dissolved  in  sulphuric  acid  and  nuingan<?se 
determined  volumetrically  or  gravimetrically. 

It  may  l)e  ignited  directly  and  weighed  as  MuaO^. 

It  mav  be  evaporated  with  sulphuric  acid  and  manganese  det<»nnino<l  it< 
MnS04. 

Manganatcs  of  zinc  or  calcium  will  he  precipitated  ii  pre«ent  in  large  amounts. 

Manganese  may  also  he  precipitated  by  ammonium  persulphate  in  an  anunoniacal 
solution,  potassium  chlorate  ana  chloride  of  lime  in  presence  of  zinc  chloride  in  a 
neutral  solution.^ 


GRAVIMETRIC  METHOD 
Determination  of  Manganese  as  Pyrophosphate 

Manganese  is  precijntated  as  anmionium  manganese  phosphate,  NHiMnPOi, 
and  then  ignited  to  pyrophosphate,  MgjPaO?.  The  m.ethod  is  known  as  Gibbs' 
Phosphate  Process.* 

Procedure.  The  cold  solution  of  manganese  chloride  •  obtained  as  directed 
in  previous  sections,  should  be  diluted  so  as  to  contahi  not  over  0.1  gram  of 
manganese  oxide  e(iuivalent  jxjr  100  cc.  of  solution.  A  cold  saturated  Rolution 
of  anunonium  sodium  phosphate  (microcosmic  salt,  170  gram^  per  liter;  9  cc. 
precipitates  an  o(iuivalent  of  0.1  gram  of  the  oxide)  is  now  added  in  slight  excess. 
The  solution  is  n>a(le  strongly  ammoniacal  and  heated  to  hoiling,  the  boiling  being 
continued  until  the  ])rocipitate  becomes  crystalline.  After  allowing  to  settle 
until  cold,  the  ])rccipitate  is  filtered  off  (the  filtrate  being  tested  with  more  of  the 
j)reci])itating  roa^cnt  to  assure  thut  an  excess  had  been  added),  and  dissolved 
in  a  little  dilute  hydrochloric  or  sulphuric  acid. 

Reprccipitation  of  the  ])h()sphate.  Tl:e  free  acid  is  neutralized  with  ammoDia 
added  in  sliglit  excess  until  the  odor  is  quite  distinct,  the  solution  heated  to 
hoiling,  and  a  few  cc.  of  additional  phospliate  reagent  added.     The  Grystalline 

M.  Pattinson's  Mctluxl,  Jour.  Chem.  See,  35,  ^05,  1899. 
-(Jibbs'C.N.,  17,  VX),  ISCkS. 

*  Sonic  analysts  prefer  to  add  the  phosphate  reagent  to  the  strongly  ammoniacal 
sohit ion,  boiling  hot. 
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precipitate  is  filtered  into  a  weighed  Gooch  crucible,  washed  free  of  chlorides 
with  very  dilute  ammonia  (AgNOi-f  HNOi  test),  dried  and  ignited  to  the  pyro- 
phosphate. The  ignition  is  conducted,  as  in  case  of  magnesium,  by  heating  first 
over  a  low  flame  and  gradually  increasing  the  heat  to  the  full  power  of  the 
burner.    The  final  residue  will  appear  white  or  a  pale  pink. 

MmPAX  0.4996  =MnO, 

Mn,Pt07  X  0.3869  =Mn. 

Notes.  Zinc,  nickel,  copper  and  other  elements  precipitated  as  phosphates  should 
be  absent  from  the  solution.  The  separation  from  iron  is  generally  made  by  the  basic 
acetate  method  and  manganese  precipitated  from  the  filtrate,  free  of  other  elements, 
as  the  peroxide  MnOs,  by  means  of  bromine  added  to  the  ammoniacal  solution.  Other 
oxidizing  reagents  may  be  used,  as  has  been  stated.  The  dioxide  is  dissolved  in 
strong  hydrochloric  acid  and  the  above  p  recipitation  effected. 


VOLUMETRIC  METHODS 

Bismuthate  Method  for  Determination  of  Manganese  ^ 

The  method  is  based  on  the  fact  that  a  manganous  salt  in  the  presence  of  an 
excess  of  nitric  acid  is  oxidized  to  permanganic  acid  by  bismuth  tetroxide.  The 
permanganic  acid  formed  is  very  stable  in  nitric  acid  of  1 .135  sp.gr.,  when  the  solu- 
tion is  cold,  but  in  hot  solutions  the  excess  of  the  bismuth  tetroxide  is  rapidly 
decomposed,  and  then  the  nitric  acid  reacts  with  the  permanganic  acid,  and,  as 
soon  as  a  small  amount  of  manganous  salt  is  formed,  the  remainder  of  the  per- 
manganic acid  is  decomposed,  manganous  nitrate  dissolves,  and  manganese 
dioxide  precipitates. 

In  the  cold,  however,  the  excess  of  the  bismuth  salt  may  be  filtered  off,  and 
to  the  clear  filtrate  an  excess  of  ferrous  sulphate  added,  and  the  amount  necessary 
to  deoxidize  the  permanganic  acid  determined  by  titrating  with  permanganate. 
The  end  reactions  are  very  sharp  and  the  method  is  extremely  accurate,  but  the 
presence  of  even  traces  of  hydrochloric  acid  utterly  vitiates  the  results.  As 
pointed  out  by  Reddrop  and  Ptamage,  bismuth  tetroxide,  which  was  used  by 
Schneider,  is  difficult  to  obtain  free  from  chlorides,  and  they  recommended  sodium 
bimiitluite,  which  they  prepare  as  follows:  Heat  20  parts  of  caustic  soda  nearly 
to  redness  in  an  iron  or  nickel  crucible,  and  add,  in  small  quantities  at  a  tim.c, 
10  parts  of  basic  bismuth  nitrate,  previously  dried  in  a  water  oven.  Then 
add  2  parts  of  sodium  peroxide  and  pour  the  brownish-yellow  fused  mass  on  an 
iron  plate  to  cool;  when  cold,  break  it  up  in  a  mortar,  extract  with  water,  and 
collect  on  an  asbestos  filter.  The  residue,  after  being  washed  four  or  five  times 
by  decantation,  is  dried  in  the  water  oven,  then  broken  up  and  passed  through 
a  fine  sieve. 

HHric  add  (sp.gr.  1.135).  A  mixture  of  3  parts  of  water  and  1  part  of 
strong  nitric  acid. 

mtric  add  (3%).    Thirty  cc.  of  strong  acid  to  the  liter. 

Peraunganate  Sohition  and  Ferrous  Sulphate  Solution.  One  gram  of 
potassium  permangsnate  to  the  Uter  gives  a  solution  of  convenient  strength, 
and  12.4  grams  of  ferrous  ammonium  sulphate  and  50  cc.  of  strong  sulphuric  acid, 

»A.  A.  Blair,  "Chemical  Analysis  oTF  Iron,''  J.  B.  Lii)pincott  Co.,  Pub. 
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made  up  to  1  liter,  gives  a  solution  which  is  ahnost  exactly  equal  to  the  per- 
manganate solution.  As  the  strength  of  the  ferrous  sulphate  solution  changes 
quite  rapidly  while  the  permanganate  remains  unaltered  for  months,  it  is 
unnecessary  and  troublesome  to  keep  them  of  the  same  strength.  By  using  a 
constant  volume  of  the  ferrous  sulphate  solution  and  testing  it  against  the  per- 
manganate solution  every  day,  the  calculation  of  the  results  is  very  simple. 
It  is  necessary  that  the  conditions  should  be  the  same  in  getting  the  strength 
of  the  ferrous  solution  as  in  titrating  a  solution  for  manganese,  and  after  many 
experiments  the  following  method  was  adopted:  Measure  into  a  200-cc.  flask 
50  cc.  of  nitric  acid  (1.135),  cool,  and  add  a  very  small  amount  of  bismuthate, 
dilute  with  60  cc.  of  3%  nitric  acid,  filter  into  a  300-cc.  flask,  and  wash  with  50  cc. 
of  3%  nitric  acid.  If  the  felt  is  well  coated  with  bismuthate  it  is  unnecessary  to 
add  any  to  the  nitric  acid  in  the  flask,  as  filtration  through  the  mass  of  bis- 
muthate on  the  felt  will  answer  the  purpose.  Run  in  from  the  pipette  (see  Fig. 
46)  25  cc.  of  ferrous  sulphate  solution  and  titrate  with  the  permanganate  to  a  faint 
pink.    This  gives  the  value  in  permanganate  of  the  ferrous  sulphate  solution. 

The  permanganate  solution  may  be  standardized  in  three  ways: 

First,  by  getting  its  value  in  iron,  in  tha  usual  way,  and  calculating  its  value 
in  manganese.    The  proportion  is  5Fe  :  Mn  or  279.2  :  54.93  =0.1967. 

Second,  by  titrating  a  steel  containing  a  known  amount  of  manganese  and 
getting  the  value  of  the  solution  by  dividing  the  percentage  of  manganese  by  the 
nimiber  of  cc.  of  the  permanganate  used. 

Third,  by  making  a  solution  of  pure  manganese  sulphate  and  determining 
the  manganese  in  it  by  evaporating  a  weighed  amount  of  the  solution  to  dryness, 
heating  to  dull  redness,  and  weighing  as  manganese  sulphate,  which,  multiplied 
by  0.36377,  gives  the  amount  of  manganese.  Five  grams  of  C.P.  manganese  sul- 
phate dissolved  in  500  cc.  of  water  and  filtered  will  give  a  solution  containing 
about  0.0035  gram  of  manganese  to  the  gram  of  solution.  Weigh  1  to  3  grams 
of  the  solution  in  a  crucible,  transfer  to  a  200-cc.  flask,  using  50  cc.  of  nitric  acid 
(sp.gr.  1.135),  cool,  and  add  0.5  to  1  gram  bismuthate,  and  allow  it  to  stand  for 
three  or  four  minutes,  shaking  at  intervals.  Add  50  cc.  of  3%  nitric  acid  and 
filter  through  the  asbestos  filter  and  wash  with  50  or  60  cc.  of  the  same  acid. 
Run  25  cc.  of  the  ferrous  sulphate  solution  into  the  flask  from  the  pipette  and 
titrate  with  the  pennanganate  solution  to  a  faint  pink.  Subtract  the  number 
of  cc.  of  the  permanganate  solution  obtained  from  the  value  of  the  25  cc.  of  the 
ferrous  sulphate  solution  in  permanganate,  and  the  result  is  the  mmnber  of  cc. 
of  the  permanganate  corresponding  to  the  manganese  in  the  manganese  sul- 
phate solution  used.  Divide  the  weight  of  the  manganese  in  the  nmnganese 
sulphate  used  by  the  number  of  cc.  of  permanganate  and  the  result  is  the  value. 
of  1  cc.  of  the  permanganate  solution  in  manganese. 

Example.  One  gram  manganese  sulphate  solution  contains  0.(X)3562  gram 
manganese;  2.0372  grams  manganese  sulphate  solution  equal  0.0072565  gram 
manganese;  25  cc.  ferrous  sulphate  solution  equal  24.5  cc.  permanganate  solution; 
2.0372  gnuns  manganese  sulphate  solution,  after  oxidation  and  addition  of  25  cc. 
ferrous  sulphate  solution,  recjuirc  3.6  cc.  permanganate  solution;  24.5  cc.  —3.6  cc. 
=  20.9  cc;  0.0072565  divided  by  20.9=0.0003472,  or  1  gram  permanganate 
equals  0.0003472  gram  manganese.  If,  then,  1  gram  of  steel,  after  oxidation 
and  addition  of  25  cc.  ferrous  sulphate  solution,  requires  6.2  cc.  permanganate 
solution  to  give  the  pink  color,  24. 5 -rv2=l 8.3 X 0.0003472  » 0.006354  giam, 
or  the  san  pie  contains  0.635%  manganese. 


MANGANESE 


265 


Piocadare.  The  nitric  acid  ttolution  of  the  sample  placed  in  a  200-cc. 
Erienmeyer  flask  is  treated  as  follows; 

Cool,  and  add  about  0.5  p-am  of  bismuthate.  The  bismuthate  may  be 
measured  io  a  small  spoon,  and  experience  will  soon  enable  thcViperator  to  judge 
of  the  amount  with  BuiHcient  accu- 
racy. Heat  for  a  few  minutes,  or 
until  the  pink  color  has  disappeared, 
with  or  without  the  precipitation  of 
manganese  dioxide.  Add  sulphurous 
acid,  solution  of  ferrous  sulphate,  or 
wdium  thiosulphate,  ia  sufficient 
amount  to  clear  the  solution,  and 
heat  until  all  nitrous  oxide  has  been 
driven  off.  Cool  to  about  IS"  C, 
odd  an  excess  of  bismuthate,  and 
agitate  for  a  few  minutes.  Add  50  cc. 
of  wat«r  containing  30  cc.  of  nitric 
acid  to  the  liter,  and  filter  through 
an  asbestos  felt  on  a  platinum  cone 
into  a,  30&«c.  Erienmeyer  flask,  uHing 
Miction  (see  Fig.  45),  and  wash  with 
50  to  100  cc.  of  the  same  acid.  Run 
into  the  flask  from  a  pipett«  (Fig.  46) 
a  measured  volume  of  ferrous  sulphate 

solution  and  titrate  to  a  faint  pink  color  with  permanganate.  The  number  of 
cc.  of  the  pennanganate  solutbn  obtained,  subtracted  from  the  number  corre- 
Kponding  to  the  volume  of  ferrous  sulphate  used,  will  give  the  volume  of  per- 
manganate equivalent  to  the  mai^pkncse  in  the  sample,  which,  multiplied  by  the 
value  of  the  permanganate  in  manganese,  gives  the  amount  of  nuuiganese  in  the 
sample. 

Note.  In  the  analysis  of  white  irons  it  may  be  necessary  to  treat  the  solution 
wvctkI  timca  with  hisniuthate  to  destroy  the  combined  carl>on.  The  solution,  when 
r<Ad,  iihoiild  be  nearly  coloriess;  if  not,  another  treatment  with  bismuthate  is  necessary. 

Notes  and  Precautions 


Fio.45. 


Fig.  46.' 


Special  Steels..    Steels  & 

that  It  must  he  not«d  that  while  ir .  .    .  _.._. 

■dd,  which  ia  reduced  by  the  addition  of  sulphurous  acid,  the  oxidation  proceeds  so 
dowly  in  ctJd  solutions  that  if  there  is  no  delay  in  the  filtration  and  titration  the 
resiiltM  are  not  affected.  Steels  containing  tungsten  are  eometimes  troublesome  on 
account  of  the  necessity  tor  getting  rid  of  the  tungstic  acid.  Those  that  decompose 
mdily  in  nitric  add  may  be  filtered  and  the  filtrate  treated  like  pig  iron,  but  when 
it  is  Decesaary  to  use  hydrochloric  acid  it  is  best  to  treat  with  aqua  regia,  evaporate 
to  tlijiurnii  ledimolve  m  hydrochloric  acid,  add  a  few  droiM  of  nitric  acid,  dilute, 
bed,  and  filter.  Get  rid  of  every  trace  of  hydrochloric  acid  by  repeated  evaporations 
*ith  nitric  add,  and  proceed  as  with  an  ordinary  steel. 

The  deUcacy  of  the  reaction  of  manganese  in  nitric  acid  solution  with  sodium 
biuDuthate  is  extraordinary;  0.000005  gram  of  manganese  gave  an  appieci^le  color 
in  50  cc.  (rf  solution. 

As  will  be  seen  in  the  descrijttion  of  the  various  methods  of  solution,  the  use  of 
hydrocblorie  acid  has  been  avoided,  because  the  iirescnce  of  even  traces  of  this 
mgent  ia  fatal  to  the  accuracy  nf  the  method.  Where  it  is  impossible  to  avoid  its 
use,  arid  Its  presence  is  8UB)>ected  in  the  final  nitric  acid  solution,  the  addition  of  a 
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drop  or  two  of  i^ver  nitrate  will  overcome  the  difficulty,  but  the  filter  must  be 
rejected  after  using  it  for  filtering  a  solution  so  treated. 

Any  form  of  asbestos  filtering  tube  may  be  used  for  filtering  off  bismuthate,  but 
the  perforated  cone  with  bell  jar  is  the  most  satisfactory,  because  it  has  the  largest 
area  of  filtering  service.  One  filter  may  be  used  for  fifty  or  mox]e  determinations, 
and  the  time  occupied  in  filtering  and  washing  one  determination  is  only  from  one 
minute  and  a  half  to  three  minutes.  The  filtrate  must  be  clear,  for  the  least  par- 
ticle of  bismuthate  carried  through  will  vitiate  the  result  by  reacting  with  the  excess 
of  ferrous  sulphate.  As  soon  as  the  filtration  and  washing  are  oompTeted,  the  ferrous 
sulphate  should  be  added,  and  the  excess  titrated  with  the  permanganate  solution, 
as  the  permanganic  acid  gradually  decomposes  on  standing,  and  the  warmer  the 
solution  the  more  rapid  is  the  decomposition.  At  a  temperature  of  5**  C.  the  solu- 
tion will  remain  unaltered  for  several  nours,  but  at  40*^  C,  fifteen  minutes  will  show 
an  appreciable  change.  The  larger  the  amount  of  manganese  the  more  rajnd  the 
change. 

It  is  especially  im])ortant  not  to  allow  the  solution  to  stand  after  adding  the 
ferrous  sulphate,  as  the  excess  of  this  reagent  reacts  with  the  nitric  acid  in  a  few 
minutes  and  the  formation  of  the  smallest  amount  of  nitrous  oxide  is  fatal  to  the 
accuracy  of  the  determination.  For  this  reason  it  is  important  to  boil  off  every  trace 
of  nitrous  oxide  when,  in  the  earlier  part  of  the  operation,  sulphurous  acid  or  other 
deoxidizing  agent  is  added. 

When  working  with  steels  of  unknown  manganese  content,  it  may  often  happen 
that  25  cc.  of  ferrous  sulphate  solution  are  insufficient  to  entirely  reduce  the  perman- 

fanic  acid,  in  which  c^se  an  additional  amount  of  ferrous  sulphate  must  be  added, 
t  will  be  noticed  that  the  solution  of  permanganic  acid  upon  the  addition  of  an 
insufficient  amount  of  ferrous  sulphate  does  not  necessarily  retain  its  pink  or  purple 
color,  but  usually  changes  to  a  dirty  brown.  When  this  occurs  10  cc.  more  of  ferrous 
sulphate  is  added  to  the  flask  and  the  value  of  the  two  additions  taken  as  the  amoimt 
from  which  the  number  of  cc.  of  permanganate,  corr^ponding  to  the  excess  of  fer- 
rous sulphate,  must  be  subtracted.  When  the  sample  is  low  in  manganese,  the  10  cc. 
ferrous  sulphate  alone  may  be  used. 

•  These  is  no  advantage  in  using  permanganate  solutions  differing  in  strength  from 
the  one  given  above,  but  the  strength  of  the  ferrous  sulphate  solution  may  be 
changed  to  meet  special  cases. 

Volhard's  Method  for  Manganese  ^ 

The  method  is  based  on  the  principle  that  when  potassium  permanganate  is 
added  to  a  neutral  manganese  salt  all  of  the  manganese  is  oxidized  and  pre- 
cipitated. When  this  stage  is  reached  any  excess  of  permanganate  is  imme- 
diately evident  by  the  color  produced.  The  calculation  of  results  may  be  based 
on  the  reaction, 

3MnS04+2KMn04+2H20  =  5Mn02+K2S04+2H,S04, 
or 

5ZnS04+6MnS04+4KMn04+14H20=4KHS04+7HaS04+5ZnH,.2MnO,, 

the  ratio  in  either  case  being  2KMn04=3Mn. 

Procedure.  The  material  decomposed  with  hydrochloric  and  nitric  acid 
and  taken  to  funics  with  sulphuric  acid,  as  stated  for  the  preparation  of  the 
sample,  is  cooled  and  boiled  with  25  cc.  of  water  until  the  anhydrous  ferric 
sulphate  has  dissolved  and  continue  as  follows:  Transfer  the  mixture  to  a  500-cc. 
graduated  flask  and  add  an  emulsion  of  zinc  oxide  in  slight  excess  to  precipitate 
the  iron  (C.P.  ZnS04  precipitated  by  KOH  added  to  slight  alkalinity.  The 
washed  precij^itatc  is  kept  in  a  stoppered  bottle  with  sufficient  water  to  fonn 
an  emulsion). 


Pub 


^  A.  11.  T.ow,  "Technical  Methods  of  Ore  Analysis,"  7th  Ed.,  John  Wiley  &  Sons, 
).     (See  i)rocedure  for  Analysis  of  Spiegel  Iron.) 
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Agitate  the  flask  to  facilitate  the  precipitation  and  see  thflt  a  slight  excess  of 
zinc  oxide  remains  when  the  reaction  is  complete.  Now  dilute  the  contents  of 
the  flask  up  to  the  mark  with  cold  water,  mix  thoroughly  and  allow  to  stand  a 
short  time  and  partially  settle.  By  means  of  a  graduated  pipette  draw  off 
100  CO.  of  the  clear  supernatant  liquid  and  transfer  it  to  an  8-oz.  flask.  While 
the  precipitate  in  the  500-cc.  flask  may  appear  large,  it  actually  occupies  but  a 
very  small  space,  and  any  error  caused  by  it  m,ay  consequently  be  neglected. 
Likewise  the  error  in  measurement  due  to  change  of  temperature  during  the 
manipulation  is  insignificant.  Heat  the  solution  in  the  small  flask  to  boiling, 
add  two  or  three  drops  of  nitric  acid  (which  causes  the  subsequent  precipitate 
to  settle  more  quickly)  and  titrate  with  a  standard  solution  of  potassium  per- 
manganate. The  permanganate  causes  a  precipitate  which  clouds  the  liquid 
and  it  is  therefore  necessary  to  titrate  cautiously  and  agitate  the  flask  after 
each  addition,  and  then  allow  the  precipitate  to  settle  sufficiently  to  observe 
whether  or  not  the  solution  is  colored  pink.  A  little  experience  will  enable 
one  to  judge  by  the  volume  of  the  precipitate  formed,  about  how  rapidly  to 
run  in  the  permanganate.  The  final  pink  tinge,  indicating  the  end  of  the  reac- 
tion, is  best  observed  by  holding  the  flask  against  a  white  background  and 
observing  the  upper  edges  of  the  liquid.  When  this  point  is  attained,  bring  the 
contents  of  the  flask  nearly  to  a  boil  once  more  and  again  observe  if  the  pink 
tint  stUl  persists,  adding  more  permanganate  if  necessary.  In  making  this  end- 
test  avoid  actually  boiling  the  liquid,  as  a  continual  destruction  of  the  color  may 
sometimes  thus  be  effected  and  the  true  end-point  considerably  passed.  When 
the  color  thus  remains  permanent  the  operation  is  ended.  Observe  the  number 
of  cc.  of  permanganate  solution  used  and  calculate  the  result. 

It  is  customary  to  use  the  sarae  perman^^anate  solution  for  both  iron  and  man- 
ganese. Having  determined  the  factor  for  iron,  this  may  be  multiplied  by  0.2952 
to  obtain  the  factor  for  manganese.  It  will  be  observed  that  2KMn04  are  required 
for  3Mn,  and  in  the  reaction  for  iron  that  2KMn()4  are  required  for  lOFe.  There- 
fore 558.4  parta  of  iron  are  equivalent  to  164.79  parts  of  manganese,  or,  1  part  of  iron 
to  0.2951  part  of  manganese. 

3MnS04+2KMn04+2H,0  =  5MnO,-|-K2S04+2H,S04, 

10FeSO4+2KMnO4+8HjSO4=5Fe,(SO4).+2MnSO4+K,SO4+8HaO. 

Ammonium  Persulphate  Method  for  Determining  Small  Amounts 
of  Manganese  by  Colorimetric  Comparison  or  by  Titration 

The  process  depends  upon  the  oxidation  of  manganous  salts  to  perman- 
ganate by  ammonium  persulphate  in  presence  of  a  catal}i,ic  agent  such  as  silver 
nitrate: 

2Mn(NO,),+5(NH4)AO,-f-8H20=5(NH4)2804-f-5H2S04-f-4HNO,-f2HMn04. 

The  reaction  takes  place  equally  well  in  sulphuric  or  in  nitric  acid  solution, 
or  in  a  mixture  of  the  two.  The  essential  point  is  the  presence  of  a  sufficient 
amount  of  silver  nitrate  catalyst. 

Procedure.  One  gram  of  ore  is  dissolved  in  hydrochloric  acid,  followed  by 
sulphuric  and  taken  to  fumes  as  directed  under  Preparation  and  Solution  of  the 
Sample.  The  sulphate  taken  up  with  water  is  made  to  a  volume  of  100  cc.  If 
the  color  comparison  is  to  be  made  the  solution  should  be  filtered  through  a 
dry  filter,  otherwise  the  filtration  may  be  omitted.    Twenty  cc.  (equal  to  0.2 
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gram)  of  the  material  is  taken  for  the  test.  In  the  case  of  steel,  0.1  to  0.2  gram 
of  the  drilling,  dissolved  in  dilute  nitric  acid,  is  taken. 

Oxidation.  The  solution  is  transferred  to  a  test-tube,  IX 10  ins.,  if  the 
color  comparison  is  to  be  made,  or  into  a  150-cc.  Erlenmeyer  flask,  if  the  sample 
is  to  be  titrated.  Fifteen  cc.  of  silver  nitrate  solution  (1.5  grams  AgNOj  per 
liter  of  water),  are  added;  the  solution  heated  to  80  to  90®  C.  by  placing  the 
receptacle  in  hot  water,  and  then  1  gram  of  ammonium  persulphate  added.  When 
the  color  conunences  to  develop  the  sample  is  cooled  in  cold  water,  while  the 
evolution  of  oxygen  continues.  The  sample  is  poured  into  the  comparison  tube 
and  the  color  compared  with  that  obtained  from  an  ore  or  steel  sample  of  known 
manganese  content,  run  in  the  same  way. 

In  the  titration  method  the  solution  in  the  Erlenmeyer  flask  is  diluted  to 
about  100  cc,  10  cc.  of  0.2%  salt  solution  added,  and  the  sample  titrated  with 
standard  sodium  arsenite  until  the  permanganate  color  is  destroyed.  The  cc. 
of  the  reagent  used  multiplied  by  the  factor  per  cc.  in  terms  of  manganese 
equals  weight  of  manganese  in  the  sample  titrated. 

Note.  Arsenious  acid  reagent  is  made  by  dissolving  10  grams  of  arscnious  oxide 
in  water  containing  30  grams  of  sodium  carbonate.  The  solution  is  diluted  to  1  liter. 
125  cc.  of  this  solution  arc  diluted  to  2000  cc.  This  latter  reagent  is  standardized  against 
an  ore  or  sample  of  steel  of  known  manganese  content,  following  the  directions  given 
under  the  procedure  outlined. 

Oxidation  of  Manganese  to  Permanganate  by  Red  Lead 

Red  lead  oxidizes  manganese  in  nitric  acid  solution  to  permanganate.  The 
method  is  suitable  for  determining  this  element  in  steel  and  iron  in  presence 
of  molybdenum,  aluminum,  tungsten,  copper  and  nickel,  in  amounts  such  as 
are  apt  to  be  present.  The  method  is  given  in  the  chapter  on  Iron  in  the 
Analysis  of  Iron  and  Steel,  page  227. 

ANALYSIS  OF  SPIEGEL  IRON  FOR  MANGANESE  ^ 

Procedure.  Weigh  0.5  gram  of  the  sample  in  a  250-cc.  beaker,  add  40  cc. 
dilute  HNOs  (1-2),  cover  with  a  watch-crystal,  heat  over  Bunsen  burner  and 
finally  expel  nitrous  fumes  by  boiling  down  to  a  small  volume  (5  cc.).*  Wash 
into  a  500-cc.  graduated  flask,  fill  about  half  full,  neutralize  with  an  emulsion  of 
zinc  oxide,  adding  enough  to  precipitate  the  iron  and  a  slight  excess.'  Dilute  to 
the  mark,  shake  well,  pour  into  a  600-cc.  beaker  and  mix  by  pouring  back  into'the 
flask  and  then  into  beaker.  Allow  the  precipitate  to  settle,  decant  off  two  100-cc. 
portions  of  clear  solution  into  350-cc.  ctisserolcs.  Add  100  cc.  water,  heat  to 
boiling  and  titrate  ^ith  standard  KMn04,  stirring  thoroughly  with  hea\'y  glass 
rod.  Run  in  about  1  cc.  at  a  time  until  the  end-point  is  passed.*  Titrate  the 
second  portion,  running  it  up  to  within  1  cc.  of  the  end-point,  and  finishing  a  dn)p 
or  two  at  a  time,  stirring  thoroughly  between  each  addition.*  The  burette 
reading  gives  percentage  of  Mn  directly. 

^  Procedure  communicated  to  the  author  by  Dr.  Breyer. 

*  It  is  necessary  to  boil  off  nitrous  fumes,  as  they  will  consume  KMnO*. 

*  Always  test  the  zinc  oxide  for  reducing  substances. 

*In  samples  in  which  the  percentage  of  Mn  is  kno^^Ti  approximately,  almost 
the  full  amount  of  KMn()4  can  be  added  at  once. 

^Do  not  mistake  the  reflection  of  precipitated  MnOa  for  excess  of  K.Mr:  '«. 
If  proi^erly  carried  out  the  MnOj  should  collect  in  center  of  casserole. 
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Preparation  and  Standardization  of  Permanganate.^  Dissolve  23.23 
{p-ams  C.P.  KMn04  in  12  liters  of  distilled  water,  shake  thoroughly  and  allow  to 
stand  a  week  or  two  before  using. 

Standardization.  Weigh  .15  gram  C.P.  sodium  oxalate  (Bureau  of  Standards) 
into  a  400-cc.  beaker.  Dissolve  in  200  to  250  cc.  hot  water  (80  to  90**),  add  10  cc. 
(1:1)  sulphuric  acid.  Titrate  at  once  with  KMnO*,  until  1,  drop  gives  a  per- 
manent pink. 

When  .15  gram  sodiiun  oxalate  is  taken,  it  should  consume  36.87  cc.  KMn04, 
if  the  permanganate  is  of  correct  strength,  i.e.,  1  cc.  =1%  in  .1  gram  sample 
titrated. 

*The  Standardization  of  KMnO*  solution  by  Sodium  Oxalate,  McBride,  J.A.C.S., 
J4,  393.     Miller,  **  Quantitative  Analysis  for  Mming  Enginecis." 


MERCURY 

Wilfred  W.  Scott 

Hg,  at.wt.  200.6;  ap.gr.  13.595;  ^  m.p.  38.90°;*  &.p.  357.33"  C;  ^  oxides, 

Hg,0,  HgO. 

DETECTION 

Metallic  mercury  is  recognized  by  its  physical  properties.  It  is  the  only 
metal  which  is  a  liquid  at  ordinary  temperatures.  The  element  forms  a  convex 
surface  when  placed  on  glass. 

Mercury  in  the  mercurous  form  is  precipitated  by  hydrochloric  acid  as  white 
mercurous  chloride,  HgCl.  This  compound  is  changed  by  ammonium  hydroxide 
to  the  black  precipitate  of  metallic  mercury  and  nitrogen  dihydrogen  mercuric 
chloride.* 

Mercury  in  the  mercuric  form  is  not  precipitated  by  hydrochloric  acid.  The 
sulphide  of  the  element  is  thrown  out  from  an  acid  solution  as  black  HgS. 
The  precipitate  first  appears  white,  changing  to  orange-yellow,  then  brown 
and  finally  to  black,  as  the  HjS  gas  is  passed  into  the  solution.  The  element 
is  distinguished  from  the  other  members  of  the  group  by  the  insolubility  of 
its  sulphide  in  yellow  ammonium  sulphide  and  in  dilute  nitric  acid. 

If  the  mercury  sulphide  is  dissolved  in  aqua  regia,  the  nitric  acid  expelled 
by  taking  to  dryness,  then  adding  hydrochloric  acid  and  evaporating  again  to 
dryness,  the  residue  taken  up  with  a  little  hydrochloric  acid,  diluted  with  water, 
and  treated  with  a  solution  of  stannous  chloride,  a  white  precipitate  of  mer- 
curous chloride  is  first  formed,  which  is  further  reduced  to  metallic  mercury  by 
an  excess  of  the  reagent. 

ESTIMATION 

The  metal  is  found  free  in  the  upper  portions  of  cinnabar  deposits.  As 
an  amalgam  with  silver  it  occurs  in  horn  silver.  Cinnabar,  HgS,  is  the  only  ore 
of  mercur>'  of  commercial  importance.  The  element  has  l)een  found  in  quarts, 
sandstone,  schists,  iron  pyrites,  bituminous  substances,  eruptive  and  sedimentary 
rocks  of  all  ages.  It  occurs  in  sulphide  ores  of  other  metals — especially  in  «nc 
ores. 

Preparation  and  Solution  of  the  Sample 

It  will  !)e  recalled  tliat  nitric  acid  is  the  best  solvent  for  the  metal  and  its 
amalgams.  The  oxides  are  insoluble  in  alkalies.  Mercuric  oxide  is  dissolved 
by  acids.  Hydrochloric  acid  forms  mercurous  chloride  with  the  lower  oxide, 
insoluble  in  dilute  hydrochloric  acid. 

^Van  Nostrand'sChem.  Annual — Olsen. 

'Circular  35  (2d  Ed.)  U.  S.  Bureau  of  Standards. 

•  Prescott  and  Johnson,  "  Qualitative  Chemical  Analysis." 
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Ores.  If  mercury  is  to  be  determined  by  the  dry  procedure,  the  finely 
ground  sample  may  be  mixed  directly  with  the  flux  and  determined  as  directed 
later. 

For  the  wet  methods  the  ore  is  decomposed  in  a  covered  porcelain  dish  with 
aqua  regia,  heating  gently.  The  solution  is  evaporated  to  dryness  on  the  water 
bath.  The  residue  is  taken  up  with  hydrochloric  acid  and  again  evaporated  to 
dryness  to  expel  the  nitric  acid.  The  residue  is  again  dissolved  by  adding  a  little 
hydrochloric  acid.  Mercury  will  now  be  in  solution  and  may  be  determined  by 
precipitation  as  mercuric  sulphide  by  the  gravimetric  procedure. 

For  opening  up  the  ore  for  the  volumetric  method  by  Seamon  see  method 
at  close  of  the  chapter,  page  274. 

SEPARATIONS 

Separation  of  Mercury  from  the  Iron  and  Zinc  Groups,  or  from  the 
ADuline  Earths  and  the  Alkalies.  Mercury  is  precipitated  as  a  sulphide 
from  an  acid  solution  of  the  mercuric  salt  by  hydrogen  sulphide,  together  with  the 
members  of  the  hydrogen  sulphide  group.  Sufficient  acid  should  be  present 
to  prevent  the  precipitation  of  zinc  sulphide.  Iron,  aluminum,  chromium, 
manganese,  cobalt,  nickel,  zinc,  the  alkaline  earths  and  the  alkalies  remain  in 
solution. 

Separation  of  Mercury  from  Arsenic,  Antimony,  and  Tin.  The  sul- 
phides obtained  by  passing  hydrogen  sulphide  into  an  acid  solution,  preferably 
of  the  chlorides,  are  digested  with  yellow  ammonium  sulphide  solution.  Arsenic, 
antimony  and  tin  dissolve,  whereas  mercury  sulphide  remains  insoluble.  Sul- 
phides of  the  fixed  alkalies  dissolve  mercury  as  well  as  arsenic,  antimony  and  tin, 
so  cannot  be  used  in  effecting  a  separation. 

Separation  from  Lead,  Bismuth,  Copper  and  Cadmium.  These  elements 
remain  with  mercury  upon  removal  of  arsenic,  antimony  and  tin  as  their  sul- 
phides are  insoluble  in  ammonium  sulphide.  (CuS  slightly  soluble.)  The  pre- 
cipitated sulphides  are  transferred  to  a  porcelain  dish  and  boiled  with  dilute 
nitric  acid,  sp.gr.  1.2  to  1.3.  After  diluting  slightly  with  water  the  solution  is 
filtered  and  the  residue  of  mercuric  sulphide  washed  with  dilute  nitric  acid  and 
finally  with  water.  If  much  lead  is  present  in  the  solution  it  is  apt  to  contami- 
nate the  residue  by  a  portion  being  oxidized  to  lead  sulphate  and  remaining  insol- 
uble. In  this  case  the  residue  is  treated  with  aqua  regia,  the  solution  diluted  and 
mercury  chloride  filtered  from  PbSOi  and  free  sulphur.  Mercury  is  best  deter- 
mined as  HgS  by  the  ammonium  sulphide  method  described  later.  Traces  of 
lead  do  not  interfere,  as  lead  is  completely  removed  by  remaining  insoluble  in 
potassium  hydroxide,  whereas  mercury  sulphide  dissolves.    See  method. 

Separation  from  Selenium  and  Tellurium.  The  mercury  selenide  or  telluride 
is  dissolved  in  aqua  regia,  chlorine  water  added  and  the  solution  diluted  to 
600  to  800  cc,  phosphorous  acid  is  added  and  the  solution  allowed  to  stand  for 
some  time;  mercurous  chloride  is  precipitated,  seleniiun  and  tellurium  remain- 
ing in  solution.  Selenium  and  tellurium  will  precipitate  in  hot  concentrated 
solutions  when  treated  with  phosphorous  acid,  but  not  in  dilute  hydrochloric 
acid  solutions. 

Mercury  in  Organic  Substances.  The  material  is  decomposed  by  heating 
in  a  closed  tul^e  with  concentrated  nitric  acid.  Mercury  is  now  precipitated  as 
a  sulphide  with  ammonium  sulphide  as  directed  in  the  procedure  given  later. 
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GRAVIMETRIC   METHODS 

Determination  of  Mercury  by  Precipitation  with  Ammo- 
nium Sulphide 

The  following  method,  suggested  by  Volhard,  is  generally  applicable  for 
determination  of  mercury.  The  element  is  precipitated  by  anrnionium  sul- 
phide as  HgS.  The  precipitate  dissolved  in  caudtic  is  again  thrown  out  by  addi- 
tion of  anunonium  nitrate  to  the  sulpho  salt  solution  of  mercur>'. 

Hg(SNa)t+2NH4NO,-2NaNO,+  (NH0«S+HgS. 

Procedure.  The  acid  solution  of  the  mercuric  salt  is  nearly  neutralized  by 
pure  sodium  carbonate,  and  is  then  heated  with  a  slight  excess  of  freshly  prep^ared 

ammonium  sulphide.  Pure  sodium  hydroxide  solu- 
tion is  added  until  the  dark-colored  liquid  begins  to 
lighten.  The  solution  is  now  heated  to  boiling  and 
more  sodium  hydroxide  added  until  the  liquid  is 
clear.  If  lead  is  present  it  will  remain  undissolved 
and  should  be  filtered  off.  Anmioniimi  nitrat^e  is 
now  added  to  tj^e  solution  in  excess  and  the  mix- 
ture boiled  until  the  greater  part  of  the  ammonia 
has  been  expelled.  The  clear  liquid  is  decanted 
from  the  precipitate  through  a  weighed  Gooch 
crucible  and  the  precipitate  washed  l)y  decantation 
with  hot  water  and  finally  transferred  to  the  cruci- 
ble and  washed  two  or  three  times  more.  The 
mercuric  sulphide  is  dried  at  110°  C.  and  weighed  as 
HgS. 

Hotwaur^      ^  HgS  X  0.8622  =Hg    or     X  0.9207  =HgO. 


Cold' 
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FiQ.  47.  Notes.     Alumina  and  silica  are  apt  to  be  present  in 

caustic. 
Free  sulphur  may  be  removed,  if  present,  by  boiling  with  sodium  sulphite, 
Na,S()i+S  =  NajSjO:.  The  sulphur  may  be  extracted  with  carbon  disulphide. 
The  (looch  crucible  is  placed  upon  a  glass  tripod  in  a  beaker,  containing  carbon  di- 
sulphide, and  a  round-bottomed  flask  filled  with  cold  water  is  placed  over  the  mouth 
of  the  beaker  to  serve  as  a  condenser.  Fig.  47.  By  gently  heating  over  a  water  bath 
for  an  hour  the  sulphur  is  completely  extracted  from  the  siilphide.  Carbon  disul- 
phide is  removed  from  the  precipitate  by  washing  once  with  alcohol  followed  by 
ether.     The  residue  is  now  dried  and  weighed. 

Determination  of  Mercury  by  Electrolysis 

Mercury  is  readily  deposited  as  a  metal  from  slightly  acid  solutions  of  its 
salts. 

Procedure.  The  neutral  or  slightly  acid  solution  of  mercuric  or  mercurous 
salt  is  diluted  in  a  beaker  to  150  cc.  with  water  and  2  to  3  cc.  of  nitric  acid  added. 
The  solution  is  electrolyzed  with  a  current  of  0.5  to  0.1  ampere,  and  an  E.M.F. 
of  3.5  to  5  volts.  A  gauze  cathode  is  recommended,  or  a  platinum  dish  with 
dulled  inner  surface  may  be  used.  One  gram  of  mercury  may  be  deposited  in 
about  fifteen  hours  (or  overnight).  The  time  may  be  shortened  to  about  three 
hours  by  increasing  the  current  to  0.6  to  1  ampere. 
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The  metal  is  washed  with  water  without  interrupting  the  current  and  then 
with  alcohol.  After  removing  the  adhering  alcohol  with  a  filter  paper,  the 
cathode  is  placed  in  a  desiccator  containing  fused  potash  and  a  small  dish  of 
mercury.  The  object  of  this  mercury  is  to  prevent  loss  of  the  deposit  by 
vaporization. 

The  increased  weight  of  the  cathode  is  due  to  metallic  mercury. 

Notes.  In  the  electrolysis  of  mercuric  chloride  turbidity  may  be  caused  by 
formation  of  mercurous  chloride  by  reduction,  but  this  does  no  harm,  as  the  reduction 
to  metallic  mercury  follows. 

Mercurj'  may  oe  electrolyzed  from  its  sulpho  solutions,  obtained  by  dissolving 
it8  sulphide  in  concentrated  sodium  sulphide. 

Determination  of  Mercury  by  the  Holloway-Eschka  Process 

Modified 

« 

WTien  mercury  sulphide  is  heated  with  iron  filings  metallic  mercury  is  vol- 
atilized, iron  sulphide  being  formed.  The  mercury  vapor  is  condensed  on  a 
silver  or  gold  plate.  The  use  of  iron  for  this  reduction  was  suggested  by  Eschka 
and  his  method  modified  by  HoUoway.  In  ores  containing  arsenic  the  addition 
of  zinc  oxide  is  recommended.  Erdmann  and  Marchand  use  lime  for  decomposing 
the  mercury  compound.    The  reactions  may  be  represented  as  follows: 

HgS+Fe=FeS+Hg  or  HgX+CaO  =CaX+Hg+0. 

Apparatus.  This  consists  of  a  deep  glazed  porcelain  crucible,  the  size 
depending  upon  the  charge  of  the  sample  to  be  taken.  Generally  a  30-cc.  cru- 
cible is  used  for  a  2-gram  sample  with  4  grams  of  flux.  The  crucible  is  covered 
by  a  silver  or  gold  plate  that  lies 
perfectly  flat  and  fits  snugly  •= 
around  the  edges  of  the  crucible. 
It  may  be  necessary  to  grind  the 
top  of  the  receptacle  on  emery 
paper  to  obtain  a  perfectly  level 
edge. 

The  crucible  is  suspended  in  a    x 

hole  through  an  asbestos  board  or  ^ ^       ... 

quartz  plate,  to  prevent  the  flame  ^^^        — ^  samp/e  ' 

heating  the  upper  portion  of  the  p      ^g 

vessel. 

The  lid  of  the  crucible  is  kept  cool  by  a  cylindrical  condenser  of  metal  through 
which  a  stream  of  water  passes.  A  small  Erlenmeyer  flask  may  be  used,  with 
a  tube  passing  to  the  bottom  of  the  flask  through  a  rubber  stopper,  and  a 
second  tube  just  passing  through  the  stopper. 

Holloway  has  a  weight  placed  on  the  metal  condenser  to  hold  the  lid  firmly 
against  the  crucible.  The  illustration  (Fig.  48)  shows  the  form  of  the  apparatus 
set  up  for  the  run. 

Procedure.  The  sample  containing  not  over  0.1  gram  of  mercury  is  placed 
in  the  crucible  with  5  to  10  grams  of  fine  iron  filings  and  intimately  mixed.  Addi- 
tional filings  are  put  over  the  charge.  Sulphide  ores  containing  arsenic  are 
best  mixed  with  about  twice  the  weight  of  a  flux  of  zinc  oxide  and  sodium  car- 
bonate in  the  proportion  4  to  1,  and  about  five  times  the  weight  of  iron  filings 
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The  weighed  silver  cover  is  placed  on  the  crucible  and  the  apparatus  set  up  as 
shown  in  the  illustration,  Fig.  48. 

The  bottom  of  the  crucible  is  gradually  heated  with  a  small  M6ker  flame 
until  it  glows  slightly.  Overheating  should  be  avoided.  The  upper  portion  of 
the  crucible  should  never  become  hot  and  the  lid  should  remain  cold.  After 
heating  for  about  thirty  minutes  the  system  is  allowed  to  cool  without  discon- 
necting the  condenser.  The  disk  is  now  removed,  dipped  in  alcohol  and  dried 
in  a  desiccator  over  fused  potash  or  soda.  The  increase  of  weight  of  the  dried 
disk  is  due  to  metallic  mercur>'. 

Notes.  If  the  sample  contains  less  than  1%  mercury,  take  2  grams;  if  1  to  2% 
mercury,  take  1  gram ;  if  the  sample  contains  2  to  5%,  take  0.5-gram  sample.  If  high  in 
mercury,  grind  sample  with  sand  and  take  an  aliquot  ]K)rtion. 

It  is  advisable  to  repeat  the  test  with  a  clean  foil  to  be  sure  that  all  the  mer- 
cury has  been  driven  out  of  the  sample.  The  foil  may  be  freed  from  mercury  by 
heating. 

VOLUMETRIC  DETERMINATION   OF   MERCURY 
Seamon's  Volumetric  Method  ^ 

Seamen's  Volumetric  Method.^  Weigh  0.5  gram  of  the  finely  ground  ore 
into  an  Erlemneyer  flask  of  125  cc.  capacity.  Add  5  cc.  of  strong  hydrochloric 
acid  and  allow  it  to  act  for  about  ten  minutes  at  a  temperature  of  about  40**  C, 
then  add  3  cc.  of  strong  nitric  acid  and  allow  the  action  to  continue  for  about 
ten  minutes  longer.  The  mercury  should  now  all  be  in  solution.  Now  if  lead  be 
present,  add  5  cc.  of  strong  sulphuric  acid;  it  may  be  omitted  otherwise.  Dilute 
with  15  cc.  of  water  and  then  add  ammonia  cautiously  until  the  liquid  is  slightly 
alkaline.  Bismuth,  if  present,  will  be  precipitated.  Acidify  faintly  with  nitric 
acid,  filter,  receiving  the  filtrate  in  a  beaker,  and  wash  thoroughly. 

Add  to  the  filtrate  1  cc.  of  strong  nitric  acid  that  has  been  made  brownish 
in  color  by  exposure  to  the  light,  and  titrate  with  a  standard  solution  of  potassium 
iodide  until  a  drop  of  the  liquid  brought  into  contact  with  a  drop  of  starch 
liquor,  on  a  spot-plate,  shows  a  faint  bluish  tinge.  It  is  a  good  plan  to  set  aside 
about  one-third  of  the  mercury  solution  and  add  it  in  portions  until  the  end- 
point  is  successively  passed,  finally  rinsing  in  the  last  portion  and  titrating  to 
the  end-point  very  carefully. 

Deduct  0.5  cc.  fron.  fhe  burette  reading  and  multiply  the  remaining  cc.  used 
by  the  percentage  value  of  4  cc.  in  mercury  to  obtain  the  percentage  in  the  ore. 

The  standard  potassium  iodide  solution  should  contain  8.3  grams  of  the 
salt  per  liter.  Standardize  agaiast  pure  mercuric  chloride.  Dissolve  a  weighed 
amount  of  the  salt  in  water,  add  2  cc.  of  the  discolored  nitric  acid  and  titrate 
as  above.  One  cc.  of  standard  solution  will  be  found  equivalent  to  about  0.005 
gram  of  mercury,  or  about  1  %  on  the  basis  of  0.5  gram  of  ore  taken  for  assay. 

The  precipitate  of  red  mercuric  iodide  which  forms  during  the  titration  may 
not  iippeiir  if  the  amount  of  mercury  present  is  ver>''  small,  but  this  failure  to 
precipitate  does  not  appear  to  affect  the  result. 

Iron,  copper,  l)ismuth,  antirnoriy,  and  arsenic,  when  added  separately  to 
the  ore,  did  not  influence  the  results  in  Seamon's  tests.  Silver  interferes.  Dupli- 
cate results  should  check  within  0.1  to  0.2  of  19c- 


^  A.  II.  Low,  "Technical  Methods  of  Ore  Analysis. 
^  *'  Manual  for  Aasayers  and  Chemists,"  p.  112. 
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Wilfred  W.  Scott 
MOvaf.ir/.96.0;  «p.^r.  8.6 —9.01 ;  m.p.  2500'' C ;  oxicfes,  MO|Oa,  MoOt»  MoO: 

DETECTION 

Molybdenum  appears  in  the  hydrogen  sulphide  group,  being  precipitated  by 
HzS  in  acid  solution  as  the  sulphide.  It  passes  into  solution  by  digestion  with 
ammonium  sulphide  or  sodium  sulphide  along  with  arscnir,  antimony,  tin,  gold 
and  platinum.  By  addition  of  metallic  zinc,  antimony,  together  with  tin,  gold 
and  platinum  are  precipitated  as  metals  while  molybdenum  remains  in  solution. 
Arsenic,  that  has  not  volatiUzed  as  arsine,  is  expelled  by  evaporation.  Nitric 
acid  is  now  added  and  the  solution  taken  to  dryness.  Molybdenum  is  extracted 
from  the  residue  with  ammonium  hydroxide. 

A  dilute  solution  of  ammonium  molybdate  treated  with  a  soluble  sulphide 
gives  a  blue  solution. 

Sodium  thiosulphate  added  to  a  slightly  acid  solution  of  ammonium  molyb- 
date produces  a  blue  precipitate  with  a  supernatant  blue  solution.  With  more 
acid  a  brown  precipitate  is  formed. 

Sulphur  dioxide  produces  a  bluish-green  precipitate  if  sufficient  molybdenum 
is  present,  or  a  colored  solution  with  small  amounts.  The  reducing  agents,  stan- 
nous chloride,  or  zinc  in  acid  solution,  produce  a  play  of  colors  when  they  react 
with  molvhdenum  solutions,  due  to  the  fom\ation  of  the  lower  oxides.  The  solu- 
tion  becomes  blue,  changing  to  green,  brown  and  yellow. 

Molybdenum  present  as  molybdate  is  precipitated  by  disodium  p?wsphate 
as  yellow  anmionium  phosphomolybdate  from  a  nitric  acid  solution.  The  pre- 
cpitate  is  soluble  in  ammonium  hydroxide. 

A  pinch  of  powdered  mineral  on  a  porcelain  lid,  moistened  with  a  few  drops 
of  string  sulphuric  acidy  stirred  and  heated  to  fumes,  thun  cooled,  will  produce 
a  blue  color  when  breathed  upon.  The  color  disappears  on  heating,  but  reappears 
on  cooling.     Water  destroys  the  color. 

Molybdenite  is  very  similar  to  graphite  in  appearance.  It  is  distinguished 
from  it  by  the  fact  that  nitric  acid  reacts  with  molybdenite,  MoSj,  leaving  a 
white  residue,  but  has  no  action  upon  graphite.  The  blowpipe  gives  SO2  with 
molybdenite  and  COs  with  graphite. 

ESTIMATION 

The  determination  is  required  in  the  ores — molybdenite,  M0S2,  (60%  Mo); 
molybdite,  MoOi  (straw  yellow);  wulfenite,  PbMo04  (yellow,  bright  red,  olive 
green  or  colorles-s);  Ilsemannite,  M0O3-I-M0O2;  powellite,  CaMo04;  pateraibe, 
C0M0O4;    belonesite,  MgMo04;    eosite,  lead-vanado-molybdate;    achromatite, 
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lead  molybdate  and  arsenate  with  tin  oxide  and  lead  chloride.  Some  iron  and 
copper  ores  also  contain  molybdenum. 

The  metal  is  determined  in  certain  self-hardening  steels  and  -alloys. 

The  reagents  ammonium  molybdate  and  the  oxide-molybdic  acid,  MoOj, 
are  valuable  for  analytical  purposes.    Tests  of  their  purity  may  be  required. 

Preparation  and  Solution  of  the  Sample 

In  dissolving  the  substance  the  following  facts  should  be  kept  in  mind: 
The  metal  is  easily  soluble  in  aqua  regia;  soluble  in  hot  concentrated  sulphuric 
acid,  soluble  in  dilute  nitric  acid,  oxidized  by  excess  to  MoOi.  It  is  dissolved 
by  fusion  with  sodium  carbonate  and  potassium  nitrate  mixture.  It  is  insol- 
uble in  hydrochloric,  hydrofluoric  and  dilute  sulphuric  acids. 

The  oxide  MoOs  is  but  slightly  soluble  in  acids  and  alkalies;  MoOs  is  insol- 
uble in  hydrochloric  and  hydrofluoric  acids.  MoO»,  as  ordinarily  precipitated, 
is  soluble  in  inorganic  acids  and  in  alkalies.  The  oxide  sublimed  is  difficultly 
soluble. 

Molybdates  of  the  heavy  metals  are  insoluble  in  water,  the  alkali  molybdates 
are  soluble. 

Ores.  Molybdenum  ores  are  best  decomposed  by  fusion  with  a  mixture  of 
sodium  carbonate  and  potassium  nitrate.  The  cooled  fusion  is  then  extracted 
with  hydrochloric  acid  and  molybdenum  determined  according  to  one  of  the 
procedures  described  later. 

Steel  and  Iron.  One  to  2  grams  of  the  drillings  are  dissolved  in  a  mixture 
of  hydrochloric  and  nitric  acid  (25  cc.  HCl+1  cc.  HNOj),  with  gentle  heating. 
Additional  nitric  acid  is  added  if  required  or  potassium  chlorate  may  be  used 
to  oxidize  the  iron. 

SEPARATION  OF  MOLYBDENUM   FROM  OTHER  ELEMENTS 

Separation  from  Iron.  Procedure  in  Presence  of  Large  Amounts  of 
Iron.  The  occurrence  of  molybdenum  with  iron  and  its  commercial  importance 
in  iron  materials  ciUs  for  this  procedure  as  one  commonly  required  in  the  deter- 
mination of  molybdenum. 

The  solution  is  nearly  neutralized  with  a  2N.  NaOH  solution,  added  from  a 
burette  cautiously,  avoiding  an  amount  that  would  produce  a  color  with  iron  or 
form  a  basic  molybdate.  If  tungsten  is  present  or  if  molybdic  acid  has  precip- 
itated in  the  solution  or  is  susi>cctcd,  the  sample  should  be  filtered  and  the 
residue  treated  as  directed  below.  Sufficient  2N.  NaOH  to  precipitate  all  the 
iron  present  in  the  sample  (27  cc.  of  2N.  NaOH  will  precipitate  1  gram  Fe)  with 
about  40  cc.  in  excess  is  poured  into  a  500-cc.  flask.  If  filtration  is  necessary, 
the  paper  and  residue  are  dropped  in  the  flask,  the  filter  broken  up,  and  the 
caustic  heated  to  boiling  to  dissolve  the  molybdic  acid.  The  solution  contain- 
in;;  the  molybdenum  is  also  heated  to  boiling  and  added  to  the  hot  NaOH  solu- 
tion, through  a  funnel  with  a  constricted  stem,  agitating  the  sodium  hydroxide 
during  the  addition.  Iron  hydroxide,  Fe(0H)8,  is  precipitated  free  from  molyb- 
denum, which  remains  in  solution.  The  volume  is  made  up  to  exactly  500  cc. 
and  the  precipitate  allowed  to  settle;  250  cc.  are  filtered  off  and  taken  for  the 
precipitation  of  molybdenum.  Methyl  orange  is  added  as  an  indicator  and 
the  caustic  neutralized  with  HCl.  If  barium,  strontium,  uranium,  arsenic,  cad- 
mium and  aluminum  are  present,  10  to  15  cc.  strong  hydrochloric  acid  are  added 
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in  excess,  followed  by  sufficient  ammonium  acetate  to  combine  with  the  free 
mineral  acid. 

This  method,  followed  by  the  lead  molybdate  precipitation  as  given  in  the 
gravimetric  methods,  will  effect  a  separation  of  molybdenum  from  barium, 
calcium,  strontium,  arsenic,  cadmium,  phosphorus,  aluminum,  uranium,  man- 
ganese, cobalt,  nickel,  zinc,  chromium,  magnesium,  mercury,  copper  as  well  as  iron. 

Separation  from  the  Alkalies.  Molybdenum,  precipitated  as  mercurous 
molybdate,  by  adding  mercurous  nitrate  to  the  slightly  acetic  acid  solution,  or  as 
molybdenum  sulphide  by  HsS  passed  into  the  sulphuric  acid  solution,  is  separated 
from  the  alkalies. 

If  hydrogen  sulphide  is  passed  into  the  sulphuric  acid  solution,  separation  of 
molybdenum  from  the  members  of  the  ammonium  sulphide  group  is  efifected,  as 
well  as  from  members  of  subsequent  groups. 

Separation  from  the  Alkaline  Earths.  Fusion  of  the  substance  with  sodium 
carbonate  and  extraction  of  the  melt  with  water  gives  a  solution  of  molybdenimi, 
whereas  the  carbonates  of  barium,  calcium  and  stnmtium  remain  undissolved 
as  carbonates. 

Separation  from  Lead,  Copper,  Cadmium  and  Bismuth.  The  sulphides 
of  the  elements  are  treated  with  sodium  hydroxide  and  sodium  sulphide  solution 
and  are  digested  by  gently  heating  in  a  pressure  flask.  Molybdenum  dissolves, 
whereas  lead,  copper,  cadmium  and  bismuth  remain  insoluble.  If  the  solution 
of  the  above  elements  is  taken,  made  strongly  alkaline,  and  treated  with  HtS, 
the  sulphides  of  the  latter  elements  are  precipitated  and  molybdenum  remains 
in  solution.  The  precipitates  are  filtered  off  and  the  filtrate  containing  molyb- 
denum is  placed  in  the  pressure  flask,  the  solution  made  slightly  acid  with  sul- 
phuric acid  and  the  mixture  heated  under  pressure,  until  the  liquid  appears  colorless, 
MoSs  is  precipitated  and  may  be  converted  into  the  oxide  as  described  later. 

Separation  from  vanadium  is  effected  by  a  molybdenum  sulphide  precipi- 
tation in  acid  solution. 

Separation  from  Arsenic.  Arsenic,  present  in  the  higher  state  of  oxida- 
tion, is  precipitated  by  magnesia  mixture,  added  to  a  slightly  acid  solution  (5  cc. 
of  concentrated  hydrochloric  acid  per  100  cc.  of  solution  for  each  0.1  gram 
arsenic).  The  solution  is  neutraUzed  with  ammonia  (methyl  orange),  and  the 
arsenic  salt  filtered  off.  MoSj  is  now  precipitated  with  HjS  in  presence  of  free 
sulphuric  acid  in  the  pressure  flask. 

Separation  from  Phosphoric  Acid.  Phosphoric  acid  is  precipitated  from  an 
ammoniacal  solution  as  magnesiimi  ammonium  phosphate.  Molybdenum  may 
then  be  precipitated  as  the  sulphide  from  the  filtrate. 

Separation  from  Titanium.  The  metals  of  the  ammonium  sulphide  group 
are  precipitated  by  adding  ammoniimi  hydroxide  and  ammonium  sulphide. 
Molybdeniun  remains  in  solution  and  passes  into  the  filtrate.  HsS  is  passed  into 
the  solution  until  it  appears  red;  sulphuric  acid  is  then  added  until  the  solution 
16  acid,  when  molybdenum  sulphide  precipitates. 

Separation  from  Tungsten.  Molybdenum,  precipitated  with  timgsten  by 
the  lead  molybdate  method,  is  ignited  and  the  mixture  then  treated  with  hydro- 
chloric acid  and  a  few  drops  of  nitric  acid  and  evaporated  nearly  to  dryness. 
Dihite  hydrochloric  acid  is  added  and  the  solution  filtered.  Tungsten  remains 
undissolved. 

Molybdenum  may  be  precipitated  by  HsS  as  MoSj  in  presence  of  tartaric 
Tunipsten  does  not  precipitate. 
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GRAVIMETRIC  METHODS   FOR  THE   DETERMINATION 

OF  MOLYBDENUM 

Precipitation  as  Lead  Molybdate 

Preliminary  Remarks.  This  method,  suggested  by  Chatard,  has  I>een 
pronounced  by  Brearly  and  Ibbotson  to  be  "  one  of  the  most  stable  processes 
found  in  analytical  chemistry."  "  It  is  not  interfered  with  by  the  presence  of 
large  amounts  of  acetic  acid,  lead  acetate,  or  alkali  salts  (except  sulphates). 
The  paper  need  not  be  ignited  separately  and  prolonged  ignition  at  a  much  higher 
temperature  than  is  necessary  to  destroy  the  paper  does  no  harm.  From  faintly 
acid  solution  lead  molybdate  may  be  precipitated  free  from  impurities  in  the 
presence  of  copper,  cobalt,  nickel,  manganese,  zinc,  magnesium  and  mercury 
salts."  It  may  be  readily  separated  from  iron  and  chromium.  Barium,  stron- 
tium, uranium,  arsenic,  cadmium  and  aluminum  do  not  interfere  if  an  excess  of 
hydrochloric  acid  has  been  added  to  the  solution  followed  by  lead  acetate  and 
sufficient  ammonium  acetate  to  destroy  the  free  mineral  acid. 

The  precipitate  is  granular,  easily  iiltered  and  washed. 

Vanadium  and  tungsten,  if  present,  must  be  removed,  by  separating  from 
molybdenum  by  one  of  the  procedures  given. 

Special  Reagents.  Lead  Acetate.  A  4%  solution  is  made  by  dissolving 
20  grams  of  the  salt  in  500  cc.  of  warm  water.  A  few  cc.  of  acetic  acid  are  added 
to  clear  the  solution. 

Precipitation  of  Lead  Molybdate.  An  excess  of  lead  acetate  is  added  to 
the  acetic  acid  solution,  containing  molybdenum  (see  Separation  in  Presence 
of  Large  Amounts  of  Iron),  (10  cc.  of  4%  solution  of  the  crystallized  lead  acetate 
salt  wUl  precipitate  0.01  gram  of  molybdenum).  The  solution  is  heated  to  boil- 
ing, the  crystalline  precipitate  allowed  to  settle  for  a  few  minutes  on  the  steam 
bath,  then  filtered  hot  onto  an  ashless  filter  (S.  &  S.  No.  590  qiiality)  and  washed 
free  of  chlorides  with  hot  water. 

The  precipitate  dried  and  ignited  in  a  porcelain  crucible  at  red  heat  for  about 
twenty  minutes  is  weighed  as  PbMoOi. 

PbMoO4X0.2615  =Mo.    PbMoO4X0.3923  -MoO,. 

MoX3.8241  =:PbMo04.     M0O3X2.5491  =PbMo04. 

Determination  of  Molybdenum  as  the  Oxide,  M0O3 
Determination  by  Precipitating  with  Mercurous  Nitrate 

Especially  applicable  where  fusion  with  an  alkali  carbonate  has  been  required. 

Decomposition  of  Ore.  One  gram  of  the  ore  is  fused  with  4  grams  of  fusion 
mixture,  (NajCOa+KjCOa+KNOa),  and  the  cooled  melt  extracted  "with  hot  water. 

If  mangaiiese  is  present,  indicated  by  a  colored  solution,  it  may  be  removed 
by  reduction  with  alcohol,  the  manganese  precipitate  filtered  off  and  washed  with 
hot  water,  the  solution  evaporated  to  near  dryness  and  taken  up  with  water, 
upon  addition  of  nitric  acid  as  stated  below. 

The  solution  containing  the  alkaline  molybdate  is  nearly  neutralized  by 
adding  HXO3,  the  amount  necessary  being  determined  by  a  blank,  and  to  the 
cold,  slightly  alkaline  solution,  a  barely  acid  solution  of  mercurous  nitrate  is 
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added  until  no  further  precipitation  occurs.  The  precipitate  consists  of  mer- 
curous  molybdate  and  carbonate  (chromium,  vanadium,  tungsten,  arsenic  and 
phosphorus  will  also  be  precipitated  if  present).  The  solution  containing  the 
precipitate  is  boiled  and  allowed  to  stand  ten  to  fifteen  minutes  to  settle,  the  black 
precipitate  is  filtered  off  and  washed  with  a  dilute  solution  of  mercurous  nitrate. 
The  precipitate  is  dried  and  transferred  as  completely  as  possible  to  a  watch- 
glass,  the  residue  on  the  filter  dissolved  with  hot  dilute  nitric  acid,  and  the  solu- 
tion received  in  a  large  weighed  porcelain  crucible.  The  solution  is  evaporated 
to  dryness  on  the  water  bath  and  the  main  portion  of  the  precipitate  added  to  this 
residue,  and  the  whole  heated  very  carefully  over  a  low  fiame '  until  the  mercury 
has  completely  volatilized.    The  cooled  residue  is  weighed  as  MoOs. 

MoO,X  0.6667=  Mo. 

Note.  If  Cr,  V,  W,  As  or  P  are  present  a  separation  must  be  effected.  Molyb- 
denum should  be  precipitated  in  an  H2SO4  solution  in  a  pressure  fiask  as  the  sulphide 
by  HjS  as  given  in  the  following  method,  and  arsenic  if  present  removed  by  magnesia 
mixture  as  indicated  in  the  procedure  for  separation  of  arsenic  from  molybdenum. 
If  these  impurities  are  present  the  molybdenum  oxide  may  be  fused  with  a  ver>'  little 
NatCX3t,  and  leached  with  hot  water  and  the  filtrate  treated  with  HsS  as  directed. 


Precipitation  of  Molybdenum  as  the  Sulphide  by  H2S 

A.  Precipitatioii  from  Acid  Solution.  By  this  procedure  molybdenum 
is  precipitated  along  with  members  of  the  hydrogen  sulphide  group,  if  present, 
but  free  from  elements  of  the  following  groups. 

The  cold  molybdenum  solution  slightly  acid  with  sulphuric  acid  (in  presence 
of  Ba,  Sr  or  Ca  an  HCl  solution  is  necessary)  is  placed  in  a  small  pressure 
flask  and  saturated  with  HsS,  the  flask  closed  and  heated  on  the  water  bath  until 
the  precipitate  has  settled.  The  solution  is  cooled  and  filtered  through  a  weighed 
Gooch  crucible. 

B,  Precipitation  from  an  Ammoniacal  Solution.  By  this  procedure  molyb  • 
denum  is  precipitated  with  antimony,  arsenic,  tin  if  present,  but  is  free  from 
mercury,  lead,  bismuth,  copper  and  cadmium. 

Hydrogen  sulphide  is  passed  into  the  cold  ammoniacal  solution  of  molybdenum 
until  it  assumes  a  bright  red  color,  it  is  now  acidified  with  dilute  sulphuric  acid, 
the  precipitate  allowed  to  settle  and  the  solution  filtered  through  a  weighed 
Gooch  crucible. 

In  either  case  A  or  B  the  precipitate  is  washed  into  the  Gooch  crucible 
with  very  dilute  sulphuric  acid  followed  by  several  washings  with  the  acid  and 
then  with  alcohol  until  free  from  acid.  The  Gooch  is  placed  within  a  larger 
nickel  crucible  and  covered  with  a  porcelain  lid.  After  drying  at  100**  C.  it  is 
placed  over  a  small  flame  and  carefully  heated  until  the  odor  of  SO2  can  no  longer 
be  detected.  The  cover  is  now  removed  and  the  open  crucible  heated  to  constant 
weight.    The  residue  consists  of  M0O3. 

M0O3X  0.6667=  Mo. 

Nc/TE.  Arsenic  will  contaminate  the  residue  if  present.  The  method  for  its 
removal  has  been  given. 

■ 

^  The  oxide,  MoOt;  sublimes  at  bright  red  heat. 
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VOLUMETRIC  METHODS  FOR  THE  DETERMINATION 
OF  MOLYBDENUM  OR  MOLYBDIC  ACID 

The  lodometric  Reduction  Method  ^ 

Principle.  When  a  mixture  of  molybdic  acid  and  potassium  iodide  in  pres- 
ence of  hydrochloric  acid  is  boiled,  the  volume  having  defined  limits,  free  iodine 
is  liberated  and  expelled  and  the  molybdic  acid  reduced  to  a  definite  lower  oxide; 
by  titrating  with  a  standard  oxidizing  agent  the  molybdic  acid  is  detennined. 

Reaction.    2MoO,+4KI+4HCl  «2MoO,I+l2+4KCl+2H20. 

Reagents.  N/10  solutions  of  iodine,  sodium  arsenite,  potassium  permanga- 
nate, sodium  thiosulphate. 

Analytical  Procedure.'  Reduction.  The  soluble  molybdate  in  amount 
not  exceeding  an  equivalent  of  0.5  gram  MoOi  Ls  placed  in  a  150-cc.  Erlenmeyer 
flask,  20  to  25  cc.  of  hydrochloric  acid  (sp.gr.  1.2)  added  together  with  0.2  to  0.6 
gram  potassium  iodide.  A  short  stemmed-funnel  is  placed  in  the  neck  of  the 
flask  to  prevent  mechanical  loss  during  the  boiling.  The  volume  of  the  solution 
should  be  about  60  cc.  The  solution  is  boiled  until  the  volume  is  reduced  to 
exactly  25  cc.  as  determined  by  a  mark  on  the  flask.  The  residue  is  diluted 
immediately  to  a  volume  of  125  cc.  and  cooled.  Either  process  A  or  B  may 
now  be  followed. 

A,  Reozidation  by  Standard  Iodine.  A  solution  of  tartaric  acid,  equiv- 
alent to  1  gram  of  the  solid,  is  now  added,  and  the  free  acid  nearly  neutralized 
with  sodium  hydroxide  solution  (litmus  or  methyl  orange  indicator)  and  finally 
neutralized  with  sodium  acid  carbonate,  NaHCOi,  added  in  excess.  A  measured 
amount  of  N/10  iodine  is  now  run  in.  The  solution  is  set  aside  in  a  dark  closet 
for  two  hours,  in  order  to  cause  complete  oxidation,  as  the  reaction  is  slow.  The 
excess  iodine  is  now  titrated  with  N/10  sodium  arsenite. 

One  cc.  N/10  iodine  =  .0144  gram  MoOs  =  .0096  gram  Mo. 

On  long  standing  a  small  amount  of  iodate  is  apt  to  form.  This  is  determined 
by  making  acid  with  dilute  HCl  and  titrating  with  N/10  sodium  thiosulphate. 

B.  Reozidation  of  the  Residue  by  Standard  Permanganate.  To  the 
reduced  solution  about  0.5  gram  of  manganese  sulphate  in  solution  is  added, 
followed  by  a  measured  amount  of  N/10  permanganate  solution,  added  from  a 
burette  until  the  characteristic  pink  color  appears.  A  measured  amount  of 
standard  N/10  sodium  arsenite,  equivalent  to  the  permanganate  is  then  run  in 
and  about  3  grams  of  tartaric  acid  added.  The  acid  is  neutralized  by  acid  sodium 
or  potassium  carbonate,  the  stopper  and  the  sides  of  the  flask  rinsed  into  the  main 
solution.  The  residual  arsenite  is  now  titrated  by  N/10  iodine,  using  starch 
indicator. 

Notes.  Tartaric  acid  prevents  precipitation  during  the  subsequent  neutraliza- 
tion with  NaHCO,.     A  and  B. 

The  addition  of  manganese  salt  in  B  is  to  prevent  the  liberation  of  free  chlorine 
by  the  action  of  KMn04  on  HCl. 

In  addition  to  the  oxidation  of  the  lower  oxides  to  molvbdic  acid,  potassiimi  per- 
manganate added  in  B  liberates  free  iodine  from  HI,  it  produces  iodic  acid,  and  forms 
the  higher  oxides  of  manganese.  The  standard  arsenite,  on  the  other  hand,  converts 
free  iodine  and  the  iodate  to  HI  and  reduces  the  higher  oxides  of  manganese. 

*  F.  A.  Gooch  and  Charlotte  Fairbanks,  Am.  Jour.  Sc.  (4),  2,  160. 
*F.  A.  Gooch  and  O.  S.  Pdman,  Jr.  Am.  Jour.  Sc.  (4),  12,  449. 
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Estimation  by  Reduction  with  Jones  Reductor  and  Oxidation  by 

Standard  Permanganate  Solution 

Principle.  The  procedure  depends  upon  the  reduction  of  molybdic  acid 
to  MoiOs  by  passing  its  solution  through  a  column  of  amalgamated  zinc  into  a 
solution  of  ferric  alum,  and  subsequent  oxidation  to  MoOs  by  standard  potas- 
sium permanganate  solution. 

Reactiofu.    2MoO,+3Zn=Mo,0,+3ZnO. 

5MD,08+6KMn04+9H,S04  =  10MoO,+3K,SO4+6MnSO4+9H,O. 


Reagents.     Potassium    permanganate    approximately     N/10    standardized 
against  a  standard  molybdic  acid  solution. 
10%  solution  of  ferric  alum. 
2.5%  solution  of  sulphuric  acid. 
Apparatus.    Jones  Reductor. 

fi= reductor  tube  50  cm.    long,   2  cm.   inside 

diameter.    Smaller  tube  prolongation  length 

20  cm.  inside  diameter  0.5  cm. 
Zn  =  column  of  zinc  40  cm.  long.     Zn  shot  8  mesh 

to  sq.cm.; 
F= receiving  flask; 
P= pressure  regulator  with  gauge,  set  to  give 

pressure  in  receiving  flask  of  less  than  20  cm. 

water  y 
G= platinum  cone  or  gauze  with  mat  of  fine  glass 

wool  2  cm.  thick; 

The  zinc  in  reductor  should  be  protected  from 
the  air  by  covering  with  water,  stop-cock  S  being 
dosed  when  not  in  use. 

Procedure.  The  receiving  flask  of  the 
Jones  reductor,  Fig.  49,  is  charged  with  about 
30  cc.  of  10%  ferric  aliun  and  4  cc.  of  phosphoric 
acid.*  Through  the  40-cm.  column  of  amalga- 
mated zinc  in  the  reductor  are  passed  in  suc- 
cefsion  100  cc.  of  hot  dilute  sulphuric  acid 
(2.5%  sol.),  the  molybdic  a^id  in  the  form  of 
ammonium  molybdate  dissolved  in  10  cc.  of  T^fmrmnm. 
water  and  acidified  with  100  cc.  of  hot  dilute 
sulphuric  acid  followed  by  200  cc.  more  of  the 
hot  dilute  sulphuric  acid  and  100  cc.  of  hot  water.  The  reduced  green  molybdic 
acid  upon  coming  in  contact  with  the  ferric  alum  solution  produces  a  bright  red 
color. 

The  hot  solution  is  titrated  with  N/10  KMnOi  solution. 

One  cc.  of  N/10  KMn04  =  *  gram  M0O3  =--    —  gram  molybdenum. 

» W.  A.  Noyes  and  Frohman,  Jr.  Am.  Chem.  Soc,  86,  919. 

Sec  Method  by  C.  R.  Dudley,  D.  L.  Randall,  Am.  Jr.  Sc.  (4),  24,  313. 
'C.  Reinhardt,  Chem.  Ztg.,  13,  33. 


rywrrr, 


Fig.  49. — Jones  Reductor. 
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Method   for  Determining  Molybdenum  and  Vanadium  in  a 

Mixture  of  their  Acids 

Principle  of  the  Method.  The  procedure  depends  upon  the  fact  that 
vanadic  acid  alone  is  reduced  by  S02^  in  a  sulphuric  acid  solution,  whereas  both 
vanadic  and  molybdic  acids  are  reduced  by  amalgamated  zinc,  in  each  case  the 
reducing  agents  forming  definite  lower  oxides  which  are  readily  oxidized  to 
definite  higher  oxides  by  KMn04. 

Reactions. 

SO2  Reduction: 

1.  V2O5+SO,  =  V,04+S0,.     (No  action  on  MoO,.) 

Zn  Reduction : 

2.  V206+3Zn=V202+3ZnO. 

3.  2Mo03+3Zn=Mo20,+3ZnO. 

KMnO*  Oxidation: 

4.  5V204+2KMn04+3H2S04  =5Vt05+KiS04+MnS04+3H,0. 

5.  5V202-h6KMn04-f  9H2SO4  =5V205+3K,S04-f  6MnS04+9H20. 

6.  5Mo203+6KMn04-f9H2S04  =  10MoO3+3K2SO4+6MnSO4+9H,O. 

From  the  reactions  "  4  "  and  "  5  "  it  is  seen  that  three  times  the  amount 
of  KMn04  is  required  to  oxidize  V2OJ  to  ¥20*  as  is  required  in  the  case  of  V2O4, 
hence — total  cc.  KMn()4  required  in  oxidation  of  the  zinc-reduced  oxides  minus 
three  times  the  cc.  KMn04  required  in  oxidizing  the  tetroxide  of  vanadium 
formed  by  the  sulphur  dioxide  reduction  =cc.  KMn04  required  to  oxidize  MotOs 
to  M0O3.    From  these  data  molybdenum  and  vanadium  may  readily  be  calculated. 

Method  of  Procedure.  A.  Vanadic  Acid.  The  solution  containing  the 
vanadic  and  molybdic  acids  in  a  250-  to  300-cc.  Erlenmeyer  flask,  is  diluted  to 
75  cc.  acidified  with  2  to  3  cc.  of  strong  sulphuric  acid,  heated  to  boiling  and  the 
vanadic  acid  reduced  by  a  current  of  SO2  passed  into  the  solution  until  the  clear 
blue  color  indicates  the  complete  reduction  of  the  vanadic  acid  to  V2O4.  The 
boiUng  is  now  continued  and  CC)2  passed  into  the  flask  to  expel  the  last  trace  of  SO2. 

Standard  N/10  KMn04  is  now  run  into  the  reduced  solution  to  the  character- 
istic faint  pink.    From  reaction  **  4,''  vanadic  acid  may  be  calculated. 

One  cc.  N/10  KMn()4  =  .0182  gram  V2O6  =  .0051  gram  vanadium. 

B.  Molybdic  Acid.  The  reduction  by  Jones'  reductor,  and  titration  of  the 
combined  acids  reduced  by  amalgamated  zinc  with  N/10  potassium  permanganate 
solution,  is  carried  out  exactly  as  described  in  the  determination  of  molybdic 
acid  alone.  In  this  case  oO  cc.  of  10%  ferric  alum  and  8  cc.  of  the  phosphoric 
acid  is  placed  in  the  receiving  flask. 

Calculation.  Total  permanganate  titration  in  B  minus  three  times  the  titration 
in  .4  gives  the  permanganate  re(iuired  to  oxidize  M02OJ  to  MoOi.  From  equation 
6  the  molybdic  acid  may  now  be  calculated. 

One  cc.  N/10  KMn04=— ;^ —  gram  Mo03= — - —  gram  molybdenum. 


vanadiinii  by  8()2  in  i)rescncG  of   molybdenum,  Graham  Edgar, 
25,  332.     No  rc(hiction  of  M0O3  when  0.4  gram  is  present  with  5  cc. 


^  Ui'duction  of 
Am.  .lour.  Sc,  (4) 
lloSO^  ill  2')  cc.  voliunc. 

For  thooretical  considerations  and  data  on  accuracy  of  method  see  "Methods 
in  Chemical  Analysis,"  F.  A.  CJooch. 
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NI,  a/. IT/.  58.68;  sp.gr.  8.6-8.9;  m.p.  1452'' C;  &.p.;  oxides,  NiO,  NijOs,  Nia04. 

DETECTION 

After  bringing  the  sample  into  solution  by  one  of  the  methods  described  under 
Preparation  and  Solution  of  the  Sample,  silica  is  removed,  if  present,  in  the  usual 
manner,  by  evaporating  the  solution  to  dryness  in  the  presence  of  an  excess  of 
hydrochloric  acid,  dissolving  the  residue  and  boiling  with  hydrochloric  acid  and 
filtering  off  the  silica. 

Hydrogen  sulphide  is  then  passed  through  the  solution  to  remove  the  elements 
precipitated  by  this  reagent.  The  filtrate  from  this  precipitation  is  then  boiled 
to  expel  the  excess  of  hydrogen  sulphide  and  a  little  nitric  acid  added  to  oxidize 
any  ferrous  iron  to  the  ferric  state.  (See  page  285,  Separations.)  Ammonium 
hydroxide  is  then  added  to  precipitate  iron,  aluminum  and  chromium.  Cobalt, 
nickel,  manganese  and  zinc  are  precipitated  from  the  filtrate  by  adding  a  solution 
of  colorless  ammonium  sulphide  or  by  passing  hydrogen  sulphide  through  the 
ammoniacal  solution.  Manganese  and  zinc  are  separated  from  the  precipitate 
by  washing  with  cold  hydrochloric  acid  of  about  1.035  sp.gr.  A  small  quantity 
of  the  precipitate  is  fused  with  borax  in  the  loop  of  a  clean  platinum  wire.  A 
green  color  in  the  cool  bead  indicates  nickel.  Fairly  small  quantities  of  cobalt 
interfere  with  this  test,  so  if  the  bead  is  colored  blue  it  will  be  necessary  to  make 
further  tests  for  nickel. 

Dimethylglyoxime  will  precipitate  nickel  as  oxime  from  an  acetic  acid  solution 
containing  sodium  acetate  and  in  this  manner  separate  it  from  cobalt,  manganese 
and  zinc.  After  precipitating  iron,  aluminum  and  chromium  and  filtering  them 
off,  the  solution  is  slightly  acidified  with  hydrochloric  acid,  then  is  neutralized 
with  sodium  hydroxide,  and  acidified  with  acetic  acid.  A  solution  of  dhnethyl- 
glyoxime  is  added,  when  nickel,  if  present,  will  be  precipitated  as  a  flocculent  red 
precipitate. 

Nickel  may  be  detected  in  the  presence  of  cobalt  by  adding  a  solution  of 
sodium  hydroxide  to  the  solution  of  cobalt  and  nickel  until  a  slight  precipitate 
is  formed,  then  somewhat  more  potassium  cyanide  than  is  necessary  to  redissolve 
the  precipitate  and  finally  two  volumes  of  bromine  water.  Wami  gently  find 
allow  to  stand  for  some  time.  If  a  precipitate  of  nickel  hydroxides  separates, 
filter,  wash  and  test  with  the  borax  bead. 

Nickel  may  also  be  detected  in  the  presence  of  cobalt  by  precipitating  the 
cobalt  as  nitrite,  as  described  in  the  chapter  on  cobalt,  and  then  precipitating  the 
nickel  as  hydroxide  with  sodium  hydroxide  and  bromine  water  and  testing  the 
precipitate  with  the  borax  bead. 

Alpha  benzildioxime  added  to  an  ammoniacal  solution  of  nickel  precipitates 

an  inten.scly  red  salt  havmg  the   compositi<m   C28H..2N404Ni.     This  precipitate 

is  very  voluminous.    Silver,  magixesium,  chromium,  manganese  and  zinc  do  not 

interfere  with  this  reaction. 
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ESTIMATION 

The  detenninatibn  of  nickel  is  required,  principally,  in  the  analysis  of  ores, 
metallic  nickel  and  its  alloys,  but  is  also  required  in  the  analysis  of  metallic 
cobalt  and  cobalt  products  as  well  as  in  a  host  of  m.iscellaneous  materials. 

In  the  majority  of  cases  the  results  of  a  nickel  determination  are  calculated 
in  terms  of  metallic  nickel.  Even  in  the  determination  of  nickel  in  nickel-plating 
solution  the  results  are  calculated  in  terms  of  metallic  nickel  since  this  is  the 
factor  by  which  the  solutions  are  controlled. 

Preparation  and  Solution  of  the  Sample 

The  materials  in  which  nickel  occurs  ordinarily,  may,  in  general,  be  brought 
into  solution  by  treatment  with  acids,  but  in  the  case  of  some  refractory  ores  and 
alloys,  a  fusion  is  required  first  to  make  the  acid  treatment  effective.  When 
treating  ores  containing  sulphides  or  arsenides  a  strong  oxidizing  treatment  is 
necessary  to  break  up  these  compounds.  Metallic  nickel  may  be  dissolved  easily 
in  nitric  acid,  more  slowly  in  hydrochloric  acid  and  still  more  slowly  by  sulphuric. 
Nickel  alloys  may  be  dissolved  in  a  mixture  of  hydrochloric  acid  and  nitric  acid. 

General  Procedure  for  Ores.  One  gram  of  the  finely  powdered  ore  is  weigjied 
into  a  porcelain  dish  and  mixed  intimately  with  3  grams  of  powdered  potassium 
chlorate.  The  dish  is  covered  with  a  watch-glass  and  40  cc.  concentrated  nitric 
acid  added  slowly.  The  dish  is  allowed  to  stand  in  a  cool  place  for  a  few  minutes, 
then  placed  on  a  water  bath  and  digested  until  the  sample  is  completely  decom- 
posed, stirring  the  mixture  frequently  with  a  glass  stirring  rod,  and  adding  a  little 
potassium  chlorate  from  time  to  time  until  the  decomposition  is  complete.  The 
watch-glass  is  then  removed  and  any  particles  that  may  have  spattered  on  it 
are  washed  back  into  the  dish  and  the  evaporation  continued  to  dryness.  This 
evaporation  to  drjTicss  is  repeated  with  the  addition  of  10  cc.  of  concentrated 
hydrochloric  acid,  and  the  silica  dehydrated  by  heating  for  an  hour  or  more  in  an 
air  oven  at  1 10®  C.  The  dry  residue  is  moistened  with  concentrated  hydrochloric 
acid  and  the  sides  of  the  dish  washed  down  with  hot  water,  the  mixture  heated 
to  boiling  and  allowed  to  boil  for  a  few  minutes,  then  withdrawn  from  the  heat 
and  filtered,  hot,  after  the  insoluble  matter  has  settled. 

Treat  the  filtrate  for  the  removal  of  interfering  elements  as  directed  under 
Separations. 

Fusion  Method.  The  above  method  is  used  w^here  it  is  desired  to  determine 
insoluble  matter  or  '*  gangue."  As  a  method  of  bringing  the  nickel  in  the  sample 
into  solution  it  is  (juite  satisfactory  and  when  the  insoluble  matter  bums  to  a 
pure  white  ash  the  ignited  residue  may  be  weighed  as  silica,  but  in  some  cases 
this  method  does  not  give  sufficient  information  regarding  the  composition  of 
the  gangue. 

If  it  is  necessary  to  make  a  complete  analysis  it  is  usually  better  to  fuse  the 
sample  with  the  sodium  and  potassium  carbonate  mixture  containing  a  little 
potassium  nitrate  and  then  treat  in  the  usual  manner  to  determine  silica. 

Potassium  Bisulphate  Fusion.  In  the  treatment  of  nickel  and  cobalt  oxides 
these  are  ground  to  a  fine  iK>wder  and  a  representative  sample  of  1  gram  is  fused 
with  10  grams  of  potasshmi  bisulphate.  This  may  be  done  in  a  porcelain  or 
s»Hca  crucible  or  dish.    The  melt  is  extracted  with  water  and  the  silica  filtered  off. 

A  small  casserole  has  l>ecn  found  to  be  very  useful  for  this  fusion. 
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Solution  of  Metallic  Nickel  and  Its  Alloys.  From  1  to  5  grams  of  the  well- 
mixed  drilling?  are  treated  with  a  minimum  quantity  of  nitric  acid  and  20  cc. 
1 1  1  sulphuric  acid  added  and  the  solution  evaporated  to  fumes  of  sulphur  tri- 
oxide.  Allow  the  fuming  to  continue  for  ten  minutes.  Dilute  carefully  with  a 
little  water  and  filter  off  the  insoluble.  Continue  as  directed  in  the  following 
detailed  analyses. 

It  may  be  necessary  to  use  a  mixture  of  nitric  and  hydrochloric  acids  to  bring 
certain  alloys  into  solution,  after  which  the  procedure  is  the  same  as  above. 

SEPARATIONS 

Separation  of  the  Ammonium  Sulphide  Group,  Containing  Nickel  from 
the  Hydrogen  Sulphide  Group.  Mercury,  Lead,  Bismuth,  Copper,  Cadmium, 
Arsenic,  Antimony,  Tin,  Gold,  Molybdenum,  etc. 

The  hydrogen  sulphide  group  elements  are  precipitated  from  an  acid  solution 
(HCl)  by  H^,  and  removed  by  filtration,  nickel,  etc.,  passing  into  the  filtrate. 

Separation  of  the  Ammonium  Sulphide  Group  from  the  Alkaline  Earths 
and  Alkalies.  Nickel  is  precipitated  with  other  members  of  the  group  by 
passing  HjS  into  its  ammoniacal  solution,  or  by  adding  (NH4),S  solution.  The 
alkaline  earths  and  alkalies  are  not  precipitated. 

Separation  of  Nickel  from  Cobalt  This  procedure  can  be  carried  out  in 
exactly  the  same  manner  as  the  method  given  for  the  determination  of  nickel 
by  precipitation  of  nickel  with  dimethylglyoxime,  since  cobalt  is  soluble  as  oxime. 
In  case  more  cobalt  is  present  than  nickel  a  larger  excess  of  the  reagent  m.ust  be 
used.  The  excess  of  acid  is  best  neutralized  with  ammonium  hydroxide.  If 
both  metals  are  to  be  determined,  cobalt  may  be  determined  electrol5rtically 
in  the  filtrate. 

An  alternate  method  is  to  determine  the  cobalt  and  nickel  as  oxides,  or  metal 
by  electrolysis,  together.  The  oxides,  or  plate,  are  dissolved  in  nitric  acid  and 
the  nickel  determined  in  the  solution,  cobalt  being  found  by  difference. 

For  other  methods  see  Separation  of  Cobalt  from  Nickel,  under  Cobalt,  page  142. 

Separation  of  Nickel  from  Manganese.  Nickel  is  precipitated  by  dimethyl- 
^oxime  from  an  acetic  acid  solution  containing  sodium  acetate,  manganese 
being  determined  in  the  filtrate. 

Separation  of  Nickel  from  Zinc.  Zinc  does  not  interfere  in  the  dimethyl- 
p^yoxime  precipitation  of  nickel  when  ammonium  salts  are  present.  It  is  advis- 
able to  precipitate  the  nickel  in  a  dilute  acetic  acid  solution,  thus  avoiding  the 
addition  of  a  large  amount  of  anmonitm  salts  as  would  be  necessary  if  the  pre- 
(riiHtation  took  place  in  an  ammoniacal  solution.  Zinc  readily  remains  in  solution, 
and  may  be  determined  in  the  filtrate  from  the  nickel  oxime  precipitate.  The 
following  procedure  is  recommended: 

The  solution  containing  the  two  metals  is  neutralized  with  ammonium  hydrox- 
ide and  then  made  just  slightly  acid  with  acetic  acid  and  sodium  acetate  added. 
Dimethylglyoxime  solution  is  now  added  to  the  solution,  which  is  nearly  boiling, 
and  the  procedure  given  for  the  determination  of  nickel  by  this  reagent  is  followed. 

Separation  of  Nickel  from  Iron.  Xickel  cannot  be  separated  satisfactorily 
from  iron  by  precipitating  the  latter  with  ammonium  hydroxide,  as  some  of  the 
nickel  is  invariably  occluded  by  the  ferric  hydroxide  precipitate.  Two  modi- 
fications of  the  oxime  method  may  be  used. 

(1)  The  iron,  if  present  as  a  ferric  salt,  is  converted  into  a  complex  salt  by 
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adding  from  1  to  2  grams  of  tartaric  acid,  and  the  solution  diluted  to  200  or  300 
cc,  boiled  and  the  nickel  precipitated  as  the  oxime  in  an  ammoniacal  solution 
by  the  prescribed  method.     Iron  forms  no  oxime  under  these  conditions. 

The  iron  may  be  precipitated  from  this  filtrate  by  colorless  ammonium  sul- 
phide and  the  sul])hide  converted  to  ferric  oxide  (FejOa)  by  ignition. 

(2)  Ferric  iron  is  reduced  to  the  ferrous  condition  by  warming  with  sulphurous 
acid,  in  a  nearly  neutrol  solution.  If  the  original  solution  has  an  excess  of  acid, 
it  is  treated  with  a  solution  of  sodium  hydroxide  until  a  permanent  precipitate 
is  foniied.  This  is  dissolved  with  a  few  drops  of  hydrochloric  acid  and  the  iron 
reduced  by  adding  from  5  to  10  cc.  of  a  saturated  solution  of  sulphur  dioxide  or 
by  passing  dioxide  through  the  solution.  The  solution  is  diluted  to  200  or  300  cc. 
and  the  solution  of  dinxethylglyoxime  added  in  slight  excess,  followed  by  sodium 
acetate  until  a  penuanent  precipitate  of  nickel  oxime  is  formed.  After  adding  2 
grams  more  of  sodium  acetate  the  solution  is  filtered  immediately.  The  iron 
is  precipitated  from  the  filtrate  by  oxidizing  with  bromine  water  and  adding 
anmionium  lij'droxide  to  precipitate  the  basic  acetate  of  iron. 

Procedure  (1)  is  suitable  for  the  determination  of  nickel  in  iron  and  steel. 

Separation  of  Nickel  from  Aluminum.  This  method  is  the  same  as  pro- 
cedure (1)  given  above. 

Separation  of  Nickel  from  Chromium.  This  separation  cannot  be  carried  out 
in  an  acetic  acid  solution.  From  1  to  2  grams  of  tartaric  acid  are  added  and  from 
5  to  10  cc.  of  a  10%  ammonium  chloride  solution,  subsequently.  The  solution 
is  made  ammoniacal,  but  no  precipitate  should  form.  If  the  solution  becomes 
cloudv,  it  is  acidified  with  hvdrochloric  acid  and  additional  anunonium  chloride 
added  and  again  made  anmioniacal  and  the  nickel  precipitated  as  oxime  accord- 
ing to  directions  given  from  this  precipitation. 


GRAVIMETRIC    METHODS    FOR   THE    DETERMINATION 

OF  NICKEL 

Precipitation  of  Nickel  by  Alpha  Benzildioxime 

The  alcoholic  solution  of  h1i)1ui  benzildioxuiic  gives  an  intensely  red  precipi- 
tate of  (,'281122X404X1,  when  added  to  ammoniacal  solutions  contaniing  nickel. 
The  reaction  is  more  characteristic  for  nickel  than  is  that  with  diniethylgly- 
oxiine  and  is  more  delici'te.  In  a  volume  of  5  cc.  (according  to  F.  H.  Atack), 
1  part  of  nickel  in  2,(K)0,0(K)  i)arts  of  water  may  be  detected.  In  the  presence  of 
100  times  as  nuich  as  cobalt  only  a  faint  yc^Uow  color  is  produced  by  the  cobalt. 
One  pprt  of  nick(4  per  million  of  water  will  cause  ])recipitation  with  the  compound, 
whereas  no  precipitate  is  formc^d  with  dhnothylglyoxime  under  the  same  condi- 
tions. AVith  slvoxime  inm  produces  a  pink  color,  with  alpha  benzildioxime 
f(»rr()us  salts  \(\\i}  a  faint  vioI(»t  color,  hence  do  not  interfere  in  the  detection  of 
nickc^l.  Silver,  n\aKnesium,  chromium,  manganese,  and  zinc  do  not  interfere. 
Since  the  nickel  i)recipitate  with  this  reagent  is  exceedingly  voluminous  it  Ls 
advisahl<^  to  have  not  more  than  0.025  gram  of  nickel  in  the  solution  in  which  the 
nickel  is  being  dcternuned.  The  method  is  adapted  to  the  detection  and 
d(»tcnniiiati(>n  of  minute  traces  of  the  element  up  to  small  amounts  of  less  than 
lO^r  nickel. 
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Reagent,  Alpha  Benzildioxime.  This  may  be  prepared  by  lx)iling  10  grains  of 
benzil  (not  necessarily  pure)  with  8  to  10  granis  of  hydroxylamine  hydrochloride 
in  methyl  alcohol  solution.  After  boiling  for  three  hours  the  precipitate  is 
filtered  off  and  dried,  washed  with  hot  water  and  then  with  a  small  amount  of 
50%  alcohol,  and  dried.  This  dried  precipitate  consists  of  pure  benzildioxime 
(m.p.  237®  C.).  A  further  yield  may  be  obtained  by  boiling  the  filtrate  with 
hydroxylamine  hydrochloride.  The  reagent  is  prepared  by  dissolving  0.2  gram 
of  the  salt  per  liter  of  alcohol  to  which  is  added  anunonium  hydroxide  to  make 
5%  solution,  sp.gr.  0.96  (50  cc.  per  liter). 

Procedure.  A  slight  excess  of  the  warmed  solution  of  the  above  reagent  is 
stirred  into  the  ammoniacal  solution  containing  nickel  and  the  whole  heated 
on  the  water  bath  for  a  few  moments  to  coagulate  the  precipitate.  Quantitative 
precipitation  is  complete  after  one  minute.  The  liquid  Is  filtered  through  a 
Gooch  crucible,  with  suction,  or  onto  a  filter  pafxjr,  for  which  a  counterpoise 
has  been  selected.  The  counterpoise  paper  is  treated  in  exactly  the  same  manner 
as  the  one  containing  the  precipitate.  The  precipitate  Ls  washed  with  50% 
alcohol,  followed  by  hot  water,  and  is  then  dried  at  110°  C.  In  weighing  the 
precipitate  the  counterpoise  filter  is  placed  in  the  weight  pan  of  the  balance.  The 
precipitate  contains  10.93%  nickel.    Weight  of  C:MH22N404NiX 0.01 093  =Ni. 

Notes.  Acetone  may  be  used  instead  of  alcohol  as  a  solvent  of  the  reagent.  The 
oompoimd  is  more  soluble  in  acetone  than  in  alcohol. 

The  precipitate  does  not  pass  through  the  filter  as  does  the  coinjiound  with  diiiiethyl- 
glyoxinie. 

The  method  is  affected  by  the  presence  of  nitrates,  hence  these  must  be  removed 
by  evaporation  of  the  solution  with  sulphuric  acid  to  fumes,  before  the  addition  of 
the  reagent  to  the  nickel  solution. 

In  the  presence  of  cobalt  an  excess  of  the  reagent  must  be  used,  as  in  the  case  of 
the  dimethylglyoxime  precipitation. 

In  the  nresence  of  iron  and  chromium  Rochelle  salt,  sodium  citrate  or  tartari(^ 
acid  are  adaed  to  prevent  precipitation  of  the  hydroxides  of  these  metals  upon  making 
the  solution  alkaline. 

In  the  presence  of  manganese  a  fairly  large  excess  of  the  reagent  is  required,  the 
solution  bemg  slightly  acid  with  acetic  acid. 

Zinc  and  magnesium  are  kept  in  solution  by  addition  of  aimnonium  chloride. 

Large  amounts  of  copper  must  be  removed  by  precipitating  with  hydrogen  sul- 
phide Iwfore  addition  of  tne  reagent. 

Tlie  nickel  salt  with  the  reagent  forms  an  extremely  voluminous  precipitate  so  that 
a  concentration  of  0.09  gram  of  nickel  per  250  cc.  is  as  high  as  is  desirable.  The 
procefls  is  applicable  to  the  determination  of  ni(;kel  in  the  filtrate  obtained  in  the 
separation  of  xinc  after  the  removal  of  the  hydrogen  sulphide,  fonnic  acid,  etc. 

Method  by  ¥.  W.  Atack,  The  Analyst,  88,  448,  318.  Cockbum,  Gardiner  and 
Black,  Analyst,  «8,  439,  443. 

Precipitation  of  Nickel  by  Dimethylglyoxime 

Preliminary  Considerations.  This  method  has  l>een  demonstrated  by  O. 
Brunck  to  be  the  most  accurate  and  exi)editious  procedure  known  for  nickel.^ 
By  this  method  1  part  of  nickel  may  be  detected  when  mixed  with  5000  parts  of 
cobalt  or  1  part  of  nickel  may  be  detected  in  400,000  ])arts  of  wat<3r.  The 
nickel  precijMtate  with  thid  reagent  is  ahnost  completely  insoluble  in  water  and  is 
only  very  slightly  soluble  in  acetic  acid,  but  Ls  easily  decomposed  by  strongly 
dL^flOciated  acids,  so  that  the  precipitation  is  incomplete  in  neutral  solutions  of 
nickel  chloride,  sulphate  or  nitrate.     If,  however,  the  free  acid  fonued  is  neutral- 

^Zeit.  f.  ang.  Chem.,  20,  1844. 
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ized  with  sodium,  potassium  or  ammonium  hydroxides  or  by  addition  of  the  ace- 
tate salts  of  these  bases,  nickel  will  be  completely  precipitated,  not  even  a  trace 
being  found  in  the  filtrate. 

"  The  quantitative  determination  of  nickel  in  the  presence  of  other  metaL^ 
is  a  simple  operation.    The  nickel  should  be  in  the  form  of  a  convenient  salt. 

"  The  concentration  of  the  solution  does  not  matter;  the  precipitation  can 
take  place  either  in  a  solution  of  the  greatest  concentration,  or  in  a  very  dilute 
solution.    The  reaction  is  not  hindered  by  the  presence  of  ammonium  salts." 

Iron,  aluminum,  chromium,  cobalt,  manganese  and  zinc  do  not  interfere. 
Theoretically  4  parts  of  dimethylglyoxime,  added  as  a  1%  alcoholic  solution, 
are  pecessary;  a  certain  excess  does  no  harm  pro\nded  the  alcohol  volume  does 
not  exceed  more  than  half  that  of  the  water  solution  containing  the  nickel  salt, 
as  alcohol  has  a  solvent  action  on  the  oxime.  The  compound  is  vor>'  stable  and 
volatilizes  undecom posed  at  250°  C. 

An  excess  of  ammonium  hydroxide  is  also  to  be  avoided  in  the  solution  in  which 
the  precipitation  takes  place. 

It  has  been  observed  that  the  precipitate  of  nickel  with  dimethylglyoxime 
may  be  safely  ignited  to  the  oxide  NiO  without  loss,  if  the  filter  is  first  care- 
fully charred  without  allowing  it  to  take  fire,  then  gradually  heated  to  redness. 

Procedure.  Such  an  amount  of  the  sample  should  be  taken  that  the  nickel 
be  not  over  0.1  gram,  as  glyoxime  of  nickel  is  very  voluminous  and  a  larger  amount 
would  be  difficult  to  filter.  If  cobalt  is  present  it  should  not  exceed  0.1  gram 
in  the  sample  taken.* 

If  hydrogen  sulphide  has  been  used  to  precipitate  members  of  the  second 
group,  it  is  expelled  by  boiling  the  acid  solution  and  the  volume  brought  to  250  cc. 

One  or  2  grams  of  tartaric  acid  are  added  to  prevent  the  precipitation  of 
the   hydroxides   of   iron,   aluminum   and   chromium   by   ammonium   hydroxide 
(this  treatment  is  omitted  if  these  are  absent),  and  5  to  10  cc.  of  a  10%  solu- 
tion of  ammonium  chloride  added  to  keep  zinc  and  manganese  in  solution,  should 
they  be  present.     Ammonium  hydroxide  is  now  added  until  the  solution  is  slightly 
alkaline.     If  a   precipitate   forms,  ammonium   chloride   is  added   to   clear  the 
solution,  followed  by  ammonium  hydroxide  to  neutralize  the  acid.     The  solu- 
tion should  remain  clear  after  this  treatment,  otherwise  the  ammonium  chloride 
is  added  in  solution  or  as  salt  until  the  solution  of  the  eample  will  remain  clear. 
It  is  then  heated  to  nearly  boiling  and  the  alcoholic  solution  of  dimethylglyoxime 
added  until  the  reagent  is  approximately  seven  times,  by  weight,  the  weight  of 
nickel  present.    Ammonium  hydroxide  is  now  added  until  the  solution  has  a  dis- 
tinct odor  of  this  reagent.     The  precipitation  of  the  scarlet  red  nickel  salt  is  hast- 
ened by  stirring.     It  is  advisable  to  place  the  mixture  on  the  steam  bath  for 
fifteen  to  twenty  minutes  to  allow  the  reaction  to  go  to  completion  before  filter- 
ing.   The  precipitate  is  filtered  off,  into  a  platinum  sponge  Gooch  cnicible,  some- 
times known  as  a  Neubauer  Gooch  crucible.     (Other  forms  of  Gooch  crucible 
are  used  for  this  purpose,  but  the  Neubauer  crucible  has  lieen  found  to  l>e  most 
satisfactory.)     The  precipitate  is  dried  for  about  two  hours  at  110  to  120®  C. 
and  weighed  as  CHH,4N404Ni,  which  contains  20.32%  Ni. 

Weight  of  precipitate  multiplied  by  0.2032  =  weight  of  nickel. 

*  If  the  sample  contains  more  than  0.1  gram  of  cobalt,  a  large  excess  of  ammo- 
nium hydroxide  and  dimethylglyoxime  is  necessary  to  prevent  its  precipitation, 
hence  it  is  advisable  to  take  such  weights  of  samples  that  the  cobalt  content  will  be  Ites 
than  this  weight. 
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In  place  of  a  Gooch  crucible  a  tared  filter  paper  may  be  used.  It  must  be  remem- 
bered, however,  that  a  blank  filter  paper  of  tne  same  kind  as  used  for  the  precipitate 
must  be  used  as  a  counterbalance,  after  treating  in  exactly  the  same  manner  as  the 
one  containing  the  precipitate.  This  is  necessary  because  it  has  been  foimd  that  filter 
paper  loses  weight  during  washing  and  drying. 

Precipitation  of  Nickel  by  Electrolysis  ^ 

This  precipitation  is  conducted  in  exactly  the  same  manner  as  the  one 
described  under  Cobalt  for  the  Precipitation  of  Cobalt  by  Electrolysis,  and 
requires  that  the  same  precautions  be  exercised  in  the  practice  of  the  method. 

In  the  presence  of  cobalt  the  two  elements  may  be  determined  together 
by  electrolj^sis  as  dascribed  below  and  the  deposited  metal  redissolved  and  the 
two  elements  separated  by  one  of  the  methods  given  under  Cobalt  or  Nickel. 

Procedure.  After  the  sample  has  been  brought  into  solution  by  one  of  the 
methods  outlined  under  Preparation  and  Solution  of  the  Sample,  the  solution 
is  evaporated  with  20  cc.  of  1  :  1  sulphuric  acid  for  every  gram  of  metal  in  the 
sample.  The  evaporation  is  continued  until  the  solution  has  fumed  strongly 
for  ten  minutes.  Cool  carefully  and  dilute  with  20  cc.  of  water.  Heat  the  solu- 
tion to  nearly  boiling  and  pass  hydrogen  sulphide  for  one  hour  to  precipitate 
meml>ers  of  the  second  group.  This  long  treatment  is  necessary  to  insure  com- 
plete precipitation  of  arsenic.  Filter  and  boil  to  expel  hydrogen  sulphide.  Add 
5  cc.  nitric  acid  to  insure  oxidation  of  iron  compounds  to  the  ferric  state  and  add 
ammonium  hydroxide  until  just  slightly  alkaline.  Filter  off  the  ferric  hydroxide 
and  wash  with  water  containing  a  small  quantity  of  ammonium  hydroxide.  To 
recover  occluded  nickel  dissolve  the  precipitate  in  hydrochloric  acid  and  repre- 
cipitate  the  iron  with  addition  of  a  little  hydrogen  peroxide.  Combine  the 
filtrates.  Evaporate  to  about  250  cc*  and  add  50  cc.  of  strong  ammonium 
hydroxide  and  electrolyze  as  described  under  Cobalt,  page  144. 

The  increase  in  weight  of  the  electrode  is  the  weight  of  cobalt  and  nickel 
in  the  sample.  The  percentage  of  cobalt  and  nickel  in  the  sample  is  found  by 
multiplying  the  increase  in  weight  of  the  electrode  by  100  and  dividing  by  the 
weigiit  of  the  sample. 

Note.  The  deposition  of  cobalt  and  nickel  by  the  above  method  has  been  found 
to  be  the  most  accurate  of  the  electrolytic  methods.  In  the  solutions  containing  the 
origanic  acids  there  ia  always  more  or  less  carbide  deposited  on  the  cathode  with  the 
metal.     This  causes  high  results. 

Nickel  in  Metallic  Nickel 

This  determination  may  be  made  in  the  manner  described  under  Precipitation 
of  Nickel  by  Electrolysis,  separating  cobalt  before  or  after  the  electrolysis  or  by 
the  method  described  under  Precipitation  of  Nickel  by  Dime  thy  Iglyoxime.  The 
latter  method  is  recommended. 

Nickel  in  Cobalt  and  Cobalt  Oxide 

The  dimethylglyoxime  precipitation  is  used  in  combination  with  the  elec- 
trolytic precipitation.    See  chapter  on  Cobalt. 

*  W.  J.  Marsh,  J.  Phys.  Chem.,  18,  705-16,  1914. 
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VOLUMETRIC  DETERMINATION  OF  NICKEL 
Determination  of  Nickel  in  Alloys 

This  method,  as  described  by  S.  W.  Parr  and  J.  M.  Lindgren,*  consists  of 
a  modification  of  the  dimethylgloxime  method.  The  precipitation  takes  place 
in  the  usual  manner  and  the  precipitate  is  dissolved  in  sulphuric  acid  and  the 
excess  titrated  with  a  standard  solution  of  potassium  hydroxide. 

Procedure.  The  alloy  is  dissolved  in  nitric  or  hydrochloric  acids  and  if  iron, 
aluminum  or  chromium  are  present  twice  their  weight  of  tartaric  acid  is  added 
to  prevent  their  precipitation.  If  chromium  is  present  ammonium  chloride,  is 
also  added.  If  manganese  or  zinc  is  present  hydrochloric  acid  should  be  used  and 
most  of  the  free  acid  evaporated.  Add  a  few  cc.  of  hydrogen  peroxide  to  oxidize 
any  ferrous  iron  to  the  ferric  state.  Dilute  to  300  or  400  cc.  and  neutralize  the 
free  acid  by  sodium  acetate.  Heat  the  solution  to  nearly  boiling  and  add  five  times 
as  much  dimethylglyoxime,  in  1%  alcoholic  solution,  as  the  nickel  present.  Then 
completely  neutralize  with  ammonium  hydroxide,  using  a  very  slight  excess  (or 
the  solution  may  be  neutralized  with  sodium  acetate).  Heat  until  all  the  nickel 
is  precipitated.  Filter  and  wash.  Place  the  precipitate  and  filter  in  a  beaker, 
add  an  excess  of  O.OoN  sulphuric  acid,  dilute  to  200  cc,  heat  until  solution  is 
complete  and  titrate  back  with  O.IN  potassium  hydroxide  solution,  taking  the 
first  faint  yellowish  tinge  as  the  end-point.  The  solutions  are  standardized 
against  pure  nickel. 

Note.  Cobalt  should  not  exceed  0.1  gram  per  100  cc.  and  an  excess  should  he 
used  of  the  dimethylglyoxime. 

Nickel  in  Nickel-plating  Solutions 

In  most  cases  it  is  quite  unnecessary  to  separate  the  cobalt  from  the  nickel 
in  making  this  detennination  and,  as  the  principal  impurity  is  usually  iron,  the 
best  practice  is  to  follow  the  method  given  under  Precipitation  of  Cobalt  by 
E'ectrolysLs,  page  144. 

If  chlorides  or  organic  matter  are  present  in  the  solution  the  preparation 
of  the  solution  for  electrolysis  is  accomplished  in  the  following  manner: 

From  the  well- stirred  solution  in  the  plating  tank,  withdraw  about  200  cc. 
and  place  in  a  small  beaker.  Prepare  a  100-cc.  burette  by  thoroughly  clean- 
ing it  with  the  sulphuric  acid  and  potassium  bichromate  mixture  and  distilled 
water.  Wash  finally  with  a  few  cc.  of  the  nickel  solution  and  fill  the  burette  with 
the  solution  from  the  plating  tank. 

Run  r)6.7  cc.  into  an  evaporating  dish  and  add  2  cc.  1:1  sulphuric  acid. 
Evaporate  to  fumes  of  sulphur  trioxide  and  allow  to  fume  strongly  for  ten  min- 
utes. Dissolve  in  a  little  water.  Dilute  to  200  cc.  carefully,  neutralize  with  a 
solution  of  ammonium  hydroxide  and  add  50  cc.  of  strong  ammonium  hydroxide 
and  olectrolyze.     (See  Precipitation  of  Cobalt  by  Electrolysis.) 

The  increase  in  weight  of  the  cathode  in  grams  multiplied  by  2  gives  the 
weight  in  ounces  of  nickel  in  one  United  Ptates  gallon  of  the  plating  solution. 

*  S.  W.  Parr  and  J.  M.  Lindgren,  Trans.  Am.  Bra.ss  Founders*  Assoc,  6,  120-9. 
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^  Wilfred  W.  Scott 

Element.  Ns»  at.wi.  U.Ol;  D.  (ajr)  0.9674;  m.p.  -210°;  b.p.  -105.5'' C; 
oxides,  NsO»  NsOs,  NsO„  N,04,  NiO». 

Ammonia.  NH3,  m.ir.  17.03;  D.  (ajr)  0.5071;  8p.gr.  liquid  0.6234;  m.p. 
-77.3°;  b.p.  -38 J5®  C.  Cr/f.  temp.  130**;  /iguid  af  0®  with  4.2  atmospheres 
pressure.     Commercial  28%  NH3,  sp.^r.  0.90. 

Nitric  Acid.  HNOs,  m.ir.,  63.02;  sp.gr.  1.53;  m.p.  -41.3;  &.p.  86'*C. 
Boiling-point  of  commercial  95%  acid  is  a  little  above  86°,  but  gradually 
rises  to  1Z6°  and  the  strength  of  acid  falls  to'  68.0%,  sp.gr.  is  then  1.42. 
The  acid  now  remains  constant,  the  distillate  being  of  the  same  strength. 

DETECTION 

Element.  Organic  Nitrogen.  Organic  matter  is  decomposed  by  heating 
in  a  Kjeldahl  flask  with  concentrated  sulphuric  acid  as  described  under  prepara- 
tion and  solution  of  the  sample.  Ammonia  may  now  be  liberated  from  the  sul- 
phate and  so  detected. 

Nitrogen  in  Gas.  Recognized  by  its  inertness  towards  the  reagents  used 
in  gas  analysis.    The  element  may  be  recognized  by  means  of  the  spectroscope. 

Ammonia.  Free  ammonia  is  readily  recognized  by  its  characteristic  odor. 
A  glass  rod  dipped  in  hydrochloric  acid  and  held  in  fumes  of  ammonia  produces 
a  white  cloud  of  ammonium  chloride,  NH4CI. 

Moist  red  litmus  paper  is  turned  blue  by  ammonia.  Upon  heating  the  paper 
the  red  color  is  restored,  upon  volatilization  of  ammonia  (distinction  from  fixed 
alkalies). 

Nessler's  Test.^  Nessler's  reagent  added  to  a  solution  containing  ammonia, 
combined  or  free,  produces  a  brown  precipitate,  NHgjI  •  HiO.  If  the  ammoniacal 
solution  is  sufficiently  dilute  a  yellow  or  reddish-brown  color  is  produced,  accord- 
ing to  the  amount  of  ammonia  present.  The  reaction  is  used  in  determining 
ammonia  in  water. 

Salts  of  ammonia  are  decomposed  by  heating  their  solutions  with  a  strong 
base  such  as  the  hydroxides  of  the  fixed  alkalies  or  the  alkaline  earths.  The 
odor  of  ammonia  may  now  be  detected. 

Nitric  Acid.  Ferrous  Sulphate  Test.  About  1  to  2  cc.  of  the  concentrated 
solution  of  the  substance  is  added  to  15  to  20  cc.  of  strong  sulphuric  acid  in  a 
test-tube.  After  cooling  the  mixture,  the  test-tube  is  inclined  and  an  equal 
volume  of  a  saturated  solution  of  ferrous  sulphate  is  allowed  to  flow  slowly  down 
over  the  surface  of  the  acid.  The  tube  is  now  held  upright  and  gently  tapped. 
In  the  presence  of  nitric  acid  a  brown  ring  forms  at  the  junction  of  the  two 
solutions. 

^  The  reagent  is  made  by  dissolving  20  grams  of  potassium  iodide  in  50  cc.  of  water, 
adding  32  grams  of  mercuric  iodide  and  diluting  to  !^  cc.  To  this  is  added  a  solution 
of  potassium  hydroxide — 134  grams  KOH  per  260  cc.  H3O. 

291 


292 


NITROGEN 


The  test  for  nitrate  may  be  niade  according  to  the  quantitative  procedure 
given  for  determining  of  nitric  acid  (see  later).  It  should  be  remembered  that 
ferrous  sulphate  should  be  present  in  excess,  otherwise  the  brown  color  is 
destroyed  by  the  free  nitric  acid.  Traces  of  nitric  acid  in  sulphuric  produce 
a  pink  color  with  the  sulphuric  acid  solution  of  ferrous  sulphate.  (See  Deter- 
mination of  Nitric  Acid — Ferrous  Sulphate  Method.) 

Ferro-  and  ferricyanides,  chlorates,  bromides  and  bromates,  iodides  and 
iodates,  chromates  and  permanganates  interfere. 

Diphenylamine  Tests  for  Nitrates.  (C6H6)sNH  dissolved  in  sulphuric  acid 
is  added  to  2  or  3  cc.  of  the  substance  in  solution  on  a  watch-glass.  Upon  gently 
warming  a  blue  color  is  produced  in  presence  of  nitrates.  Nitric  acid  in  sul- 
phuric acid  is  detected  by  placing  a  en'stal  of  diphenylamine  in  3  or  4  cc.  of  the 
acid  and  gently  warming.    CI',  Cr,  Br^,  T,  Mn^,  CV^,  Se"',  Fe'"  interfere. 

Copper  placed  in  a  solution  containing  nitric  acid  liberates  brown  fimies. 

Phenolsulphonic  Acid  Test.    See  chapter  on  Water  Analysis. 

Detection  of  Nitrous  Acid.  Acetic  Acid  Test,  Acetic  acid  added  to  a 
nitrite  in  a  test-tube  (inclined  as  directed  in  the  nitric  acid  test  with  ferrous 
sulphate),  produces  a  brown  ring.  Nitrates  do  not  give  this.  If  potassium  iodide 
is  present  in  the  solution,  free  iodine  is  liberated.  The  free  iodine  is  absorbed 
by  chloroform,  carbon  tetrachloride  or  disulphide,  these  reagents  being  colored 
pink.    Starch  solution  is  colored  blue. 

Nitrous  acid  reduces  iodic  acid  to  iodine.  The  iodine  is  then  detected  with 
starch,  or  by  carbon  disulphide,  or  carbon  tetrachloride. 

Potassium  Permanganate  Test.  A  solution  of  the  reagent  acidified  with  sul- 
phuric acid  is  decolorized  by  nitrous  acid  or  nitrite.  The  test  serves  to  detect 
nitrous  acid  in  nitric  acid.    Other  reducing  substances  must  be  absent. 

ESTIMATION 

Occurrence.  Element.  Free  in  air  to  extent  of  78% -h  by  volume  and 
76%  -  by  weight. 

Air  weight  of  1  liter  =  1.293  grams.    With  oxygen  as  32,  air  =28.95. 


Composition  op  Air.     On  the  Basis  of  1000  Liters  of  Atmosphcre 


Elomcnt. 


Nitrogen 

Oxygen 

Argon 

Carbon  dioxide. 

Hydrogen 

Neon 

Helium 

Krypton 

Xenon 


1 

Liters  per 

Weight  p  r 
1000  1.  grants 

Per  cent  by  * 

Per  cent  by 

1000  1. 

Vol. 

Wt. 

780.3 

975.80 

78  1 

75.47- 

209.9 

299.84 

21.0 

23.19- 

9.4 

16.76 

0.9 

1.296  + 

0.3 

0.59 

0.04 

0.045 

0.1 

0.01 

0.015 

0  01339 

0.0015 

0.00027 

0.00005 

0.00018 

O.OOOOOG 

1 

0.00003 

Water-saturated  air  contains  2.4  grams  HjO  at  —10°;  4.9  grams  at  0**;  17.2 
grams  at  20°  and  55  grams  H2O  at  40°  C.    Ordinarily  50  to  70%  of  this  is  present. 

Nitrogen  is  found  combined  in  nature  as  potassium  nitrate  (saltpeter),  KNO3; 
sodium  nitrate  (Chili  saltpeter),  NaNOs,  and  to  a  less  extent  as  calcium  nitrate, 
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Ca(NOa)i.  It  occurs  in  plants  and  in  animals,  in  the  substances  proteids,  blood, 
muscle,  nerve  substance,  in  fossil  plants  (coal),  in  guano,  ammonia  and  ammo- 
nium salts. 

Free  nitrogen  is  estimated  in  the  complete  analysis  of  gas  mixtures.  In 
illuminating  gas  the  other  constituents  are  removed  by  combustion  and  absorp- 
tion and  the  residual  gas  measured  as  nitrogen. 

Total  nitrogen  in  organic  substances  is  best  determined  by  decomposition 
of  the  materials  with  sulphuric  acid  as  described  later,  and  estimating  the  nitro- 
gen from  the  ammonia  formed. 

Combined  nitrogen  in  the  form  of  ammonia  and  nitric  acid  specially  concerns 
the  analyst.  In  the  evaluation  of  fertilizers,  feedstuffs,  hay,  fodders,  grain, 
etc.,  the  nitrogen  is  estimated  after  conversion  to  ammonia.  Ammonia,  nitrates 
and  nitrites  may  be  required  in  an  analysis  of  sewages,  water,  and  soils.  Nitric 
acid  is  determined  in  Chili  saltpeter,  in  the  evaluation  of  this  material  for  the 
manufacture  of  nitric  acid  or  a  fertilizer,  the  nitrate  being  reduced  to  ammonia 
and  thus  estimated. 

We  will  take  up  a  few  of  the  characteristic  substances  in  which  nitrogen 
estimations  are  required,  e.g.,  in  organic  substances  as  proteids,  in  soils  and 
fertilizers;  in  ammonium  salts,  nitrates,  and  nitrites,  free  ammonia  in  ammonia- 
cal  liquors,  nitric  acid  in  the  evaluation  of  the  commercial  acid  and  in  mixed  acids. 

In  general  nitrogen  is  more  accurately  and  easily  measured  as  ammonia,  to 
which  form  it  is  converted  by  reduction  methods.  Large  amounts  are  determined 
by  titration,  whereas  small  amounts  are  estimated  colorimetrically.  Nitric 
acid  and  nitrates  may  be  determined  by  direct  titration  by  the  Ferrous  Sulphate 
Method  outlined  later.  The  procedure  is  of  value  in  estimation  of  nitrates  in 
mixed  acids.  The  nitrometer  method  for  determining  nitrates  (including 
nitrites),  and  the  free  acid  in  mixed  acids,  is  generally  used  by  manufacturers 
of  explosives. 

Preparation  of  the  Sample 

It  will  be  recalled  that  compounds  of  ammonia  and  of  nitric  acid  are  generally 
soluble  in  water.  All  nitrogen  compounds,  however,  are  not  included.  Among 
those  which  are  not  readily  soluble  the  following  deserve  mention:  compounds 
of  nitrogen  in  many  organic  substances;  nitrogen  fcromophosphide,  NPBr2; 
nitrogen  selenide,  NSe;  nitrogen  sulphide,  N4S4;  nitrogen  pentasulphide,  N2S5; 
ammonium  antimonate,  NH4Sb03 -21120;  ammonium  iodate,  HN4IO3  (2.6  grams 
per  100  cc.  H»0);  ammonium  chlorplatinate,  (NH4)2PtCU  (0.67  gram);  ammo- 
nium chloriridate,  (NH4)JrCl6  (0.7  gram);  ammonium  oxalate,  (NH4)2Ci04-H20 
(4.2  grams);  ammonium  phosphomolybdate,  (NH4)3P04«12MoOi  (0.03  gram); 
nitroQ  nitrate,  CtoHieNf-HNOs. 

Organic  Substances 

By  oxidation  of  nitrogenous  organic  substances  with  concentrated  sulphuric 
add,  containing  mercuric  oxide,  or  potassium  permanganate,  the  organic  matter  is 
destroyed  and  the  nitrogen  is  changed  to  ammonia,  which  is  held  by  the  sul- 
I^uric  acid  as  sulphate.  Nitrates  are  reduced  by  addition  of  salicylic  acid, 
line  dust,  etc.,  previous  to  the  oxidation  process.  Practically  all  the  procedures 
are  based  on  the  Kjeldahl  method  of  acid  digestion.  The  modification,  com- 
monly known  as  the  Kjeldahl-Gunning- Arnold  Method,  is  as  follows: 
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Method  in  Abseoce  of  Nitrates.  Weight  of  Sample.  Fertiliten  0.7  to 
3.5  grams.  SoiU  7  to  14  grains.  MetU  and  meai  products  2  grams.  MiOe  5 
grains.  The  amount  of  the  substaoce  to  be  taken  E^uld  be  governed  by  its 
nitrogen  content.' 

Acid  Digestion.*  The  material  is  placed  in  a  Kjeldahl  flask  of  about  550  cc. 
capacity.  Approximately  0.7  gram  of  mercuric  oxide  or  an  equivalent  amount 
of  metallic  mercury  together  with  10 
grains  of  powdered  potassium  sulphate 
followed  by  20  to  30  cc.  of  concentrated 
sulphuric  acid  (sp.gr.  1.84)  are  added.  I 
The  flask  is  placed  in  an  inclined  post-  I 
tion,  resting  in  a  large  circular  opening 
of  an  asbestos  board.  The  flask  is  heated 
with  a  small  flame  until  the  frothing  hat 
ceased.  (A  piece  of  parafBD  may  be 
added  to  prevent  e^reme  frothing.) 
The  heat  ia  then  raised  and  the  acid 
brought  to  brisk  boiling,  the  heating 
being  continued  until  the  solution  be- 
comes a  pale  straw  color,  or  practically 
water  white.  (In  case  of  leather,  scrap, 
cheese,  milk  products,  etc.,  a  more  pro- 
longed digestion  may  be  required.  With 
a  good  flame  from  one-half  to  one  hour 
of  acid  digestion  is  generally  sufficient 
to  completely  decompose  the  material.) 
The  flask  is  now  removed  from  the  flame 
and  after  cooling  the  solution  is  diluted 
with  about  2f30  cc.  of  water  and  a  few 
pieces  of  granulated  zinc  added  to  pre- 
\cnt  "  bumping "  (50  mg.  or  so  of  Xo.  | 
80  granulated  zinc).  The  solution  is 
now  alkalized  strongly  by  addition  of  a 
mixture  of  sodium  hydnixide  and  sodium  sulphide  solution  (about  75  cc.  of  a 
nuxture  containing  25  grams  of  NaOH  and  1  gram  NaiS).  Phenolphthalein 
indicator  added  to  the  solution  will  show  when  the  acid  is  neutralized.  Tie 
flask  is  connected  by  means  of  a  Hopkins  distillation  tube  (Fig.  53)  to  a  coo- 
denser  and  about  150  cc.  of  the  solution  distilled  into  an  excess  of  standard  sul- 
phuric  acid  and  the  excci^-j  of  the  acid  dctcnnined  by  titration  with  standard 
sodium  hydroxide.     (Methyl  red  indicator.) 

The  ammonia  may  Iw  absorbed  in  a  saturated  solution  of  boric  acid  and 
titrated  directly  with  standard  acid.     (Methyl  orange  indicator.)' 


Fig.  50. 
Apparatus  for  Determining  Nitrogen. 


On( 


N/IO  11,80,  =0.001704  gram  NH.. 

II  certain  nitrogenous  subatanoes,  JooT. 


'  Sc«  ilata  of  approximate  nitrogen  ci 
Ind.  EiiK-  Cheiii.,  7,  :J57,  1!115. 

*  Fig.  50  shows  a  compact  apparatus  with  several  sets  of  floaks  and  condenset^ 
which  enable  half  u  dozen  or  mure  determinations  to  be  mode  at  one  time. 

•  L.  W.  Winkler,  Z.  angew.  Chem.,  87,  1,  630-2,  19H.    E.  Bernard,  ibid.,  W,  1, 
mi,  1814. 
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In  Presence  of  Nitrates.    The  procedure  differs  from  the  former  in  the 

preliminary  treatment  to  reduce  the  nitrates.    The  material  in  the  flask  is 

treated  with  a  mixture  of  30  to  35  cc.  of  strong  sulphuric  acid  containing  1  gram 

o(  salicylic  acid  and  the  mixture  shaken  and  allowed  to  stand  for  five  to  ten 

minutes  with  frequent  agitation.    About  5  grams  of  sodium  thiosulphate  are  now 

added  and  the  solution  heated  for  five  minutes.    After  cooling,  mercuric  oxide 

or  metallic  mercury  and  potassium  sulphate  are  added,  and  the  solution  treated 

as  directed  above. 

NoTBa.  Mercuric  oxide  or  metallic  mercury  are  added  as  a  catalyzer  to  assist  the 
oxidation  of  the  organic  matter.  The  digestion  process  is  shortened  considerably 
by  its  use.  In  place  of  mercuric  oxide  or  the  metal,  copper  sulphate  may  be  usea. 
In  this  case  the  addition  of  sodium  sulphide  is  omitted.  Copper  sulphate  acts  as  an 
indicator  in  the  neutralization  of  the  sample  with  caustic. 

Potassium  sulphide  is  added  to  remove  the  mercury  from  the  solution  and  prevent 
the  formation  of  m'ercur-anunonium  compounds,  which  are  not  completely  decomposed 
>y  sodiima  hydroxide. 

A  blank  determination  should  be  made  on  the  reagents  used  with  sugar  as  the 
organic  substance. 

Soils.  Available  Nitrates.  Five  hundred  to  1000  grams  of  the  air-dried 
soil  is  extracted  with  1  to  2  liters  of  water  containing  10  to  20  grams  of  dextrose. 
Fifteen  to  twenty  hours  of  leaching  is  sufficient.  An  aliquot  portion  is  taken 
for  analysis. 

Ammonium  Salts.  The  sample  is  placed  in  the  distillation  flask  with  splash 
Inilb  as  described  in  the  modified  Kjeldahl  procedure  for  organic  substances, 
smd  the  material  decomposed  with  ammonia-free  caustic  solution.  The  ammonia 
is  distilled  into  an  excess  of  standard  acid  or  a  saturated  solution  of  boric  acid 
(neutral  to  methyl  orange),  and  the  ammonia  determined  as  usual,  either  by 
titration  of  the  excess  of  acid,  or  by  direct  titration  with  -acid,  according  to  the 
Eibeorbent  used. 

Nitrates.  The  sample,  broken  doAvn  as  fine  as  possible,  is  dissolved  in 
water,  decomposed  with  Devarda  alloy  and  distilled  as  described  by  the  modi- 
fied Devarda  methods  given  later. 

Nitrites.  The  material,  dissolved  in  water,  is  titrated  with  standard  perman- 
ganate solution  according  to  the  procedure  described  later. 

Mixtures  of  Ammonium  Salts,  Nitrates,  and  Nitrites.  Ammonia  is 
determined  by  distillation  with  caustic  as  usual.  The  nitrite  is  titrated  with 
permanganate.  Total  nitrogen  is  determined  by  the  modified  Devarda  methods. 
Xitric  acid  is  now  estimated  by  difference,  e.g.,  from  the  total  nitrogen  is  deducted 
the  nitrogen  due  to  ammonia  together  with  the  nitrogen  of  the  nitrite  and  the  dif- 
ference calculated  to  the  nitrate  desired.  The  nitrate  may  be  determined  in  pres- 
ence of  nitrite  and  ammonia  by  direct  titration  with  ferrous  sulphate.  The 
detailed  procedures  may  be  found  under  the  Volumetric  Methods. 

Nitric  Acid  in  Mixed  Acid.  This  is  best  determined  by  the  ferrous  sulphate 
Tiethod  for  nitric  acid.    The  nitrometer  method  is  also  excellent. 

SEPARATIONS 

Ammonia.  No  special  separation  need  he  considered  in  the  determination 
jf  ammonia.  The  general  method  has  already  been  mentioned  by  which 
unmonia  is  liberated  from  its  salts  by  a  strong  base  and  volatilized  by  heat. 
This  effects  a  separation  from  practically  all  substances. 
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Nitric  Acid.  The  compound  may  be  isolated  as  the  fairly  insoluble,  crys- 
tiilline  nitron  nitrate,  CjoHisN4-HNOi  by  the  following  procedure. 

Such  an  amount  of  the  substance  is  taken  as  will  contain  about  0.1  gram 
nitric  acid,  and  dissolved  in  about  100  cc.  of  water  with  addition  of  10  drops 
of  dilute  sulphuric  acid.  The  solution  is  heated  nearly  to  boiling  and  about 
12  cc.  of  nitron  acetate  solution  added  (10  grams  of  nitron  in  100  cc.  of  5%  acetic 
acid).^  The  solution  is  cooled  and  placed  in  an  ice  pack  for  about  two  hours, 
and  the  compound  then  transferred  to  a  Gooch  or  Munroe  crucible  (weighed 
cnicible  if  gravimetric  method  is  to  be  followed),  and  after  draining,  it  is  washed 
with  about  10  to  12  cc.  of  ice-water  added  in  small  portions.  The  nitrate  may 
now  be  determined  gravimetrically  by  drying  the  precipitate  to  constant  weight 
at  110***C.,  16.53%  of  the  material  being  due  to  NO,. 

The  base  diphenyl-endo-anilo-hydro-triazole  (nitron)  also  precipitates  the 
following  acids:  nitrous,  chromic,  chloric,  perchloric,  hydrobromic,  hydriodic, 
hydroferro-  and  hydroferricyanic,  oxalic,  picric  and  thiocyanic  acids.  Hence 
these  nmst  be  absent  from  the  solution  if  precipitation  of  nitric  acid  is  desired  for 
quantitative  estimation. 

Removal  of  Nitrous  Aeid.  Finely  powdered  hydrazine  sulphate  is  dropped 
into  the  concentrated  solution.     (0.2  gram  substance  per  5  or  6  cc.) 

Chromic  acid  is  reduced  by  addition  of  hydrazine  sulphate. 

Hydrobromic  acid  is  decomposed  by  chlorine  water  added  drop  by  dn)p 
to  the  neutral  solution,  which  is  then  boiled  until  the  yellow  color  has  dt^ 
appeared. 

Hydriodic  acid  in  removed  by  adding  an  excess  of  potassium  iodate  to 
the  neutral  solution  and  boiling  until  the  iodine  is  expelled. 


PROCEDURES   FOR  THE  DETERMINATION   OF  COMBINED 

NITROGEN 

Ammonia 

The  volumetric  procedures  for  determinution  of  ammonia  are  preferred  to  the 
gravimetric  on  account  of  their  accumcy  and  general  applicability.  The  fol- 
lowing gnivinietric  method  may  occasionally  be  of  use: 

Gravimetric    Determination    of   Ammonia    by    Precipitation    as 

Ammonium  Platinochloride,  (NH4)2PtCl6 

Ammonia  in  anuuonium  chloride  may  be  detenuined  gravimetrically  by  pre- 
cipitation with  chlorplatinic  acid.  The  method  is  the  reciprocal  of  the  one  for 
detcnnining  ])latinum. 

Procedure.  The  acjucous  solution  of  the  anmionium  salt  is  treated  ^-ith  an 
excess  of  chlorplatinic  acid  and  evaporated  on  the  steam  bath  to  drj-ness.  The 
residue  is  taken  up  with  absolute  alcohol,  filtered  through  a  weighed  Gooch  cru- 
cible, and  wiished  with  alcohol.  The  residue  may  now  be  dried  at  130®  C.  and 
weighed  as  (XH4)2Pt(1e,  or  it  may  be  gently  ignited  in  the  covered  crucible  until 

» Kco])  nitron  reagent  in  a  dark-colored  bottle.  M.  Busch,  Ber.,  S8,  861  (1905). 
A.  (luthicr,  Z.  Angew.  Chem.,  494,  1905. 
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ammonium  chloride  has  been  largely  expelled  and  then  more  strongly  with  free 
access  of  air.  The  residue  of  metallic  platinum  is  weighed.  If  the  ignition 
method  is  to  be  followed,  the  ammonium  platinic  chloride  may  be  filtered  into  a 
small  filter,  the  paper  with  the  washed  precipitate  placed  in  a  porcelain  crucible 
and  then  gently  heated  until  the  paper  is  charred  (crucible  being  covered)  and  then 
more  strongly  with  free  access  of  air  until  the  carbon  has  been  destroyed. 

Factors.*     (NHO^PtCU X 0.2400  =NH4C1,    or   0.08095  =  NH4,   or    X 0.0767  = 
XH,.    PtXO.5453 -NHiCl,  or  X0.1839  =NH4,  or  X0.1736  =NHa. 


VOLUMETRIC  METHODS   FOR   DETERMINATION   OF 

AMMONIA 

Two  conditions  are  considered: 

A,  Estimation  of  free  ammonia  in  solution. 

B.  Determination  of  ammonia  in  its  salts — combined  ammonia. 

Analysis  of  Aqua  Ammonia 

Provided  no  other  basic  constituent  is  present,  free  ammonia  in  solution 
is  best  determined  by  direct  titration  with  an  acid  in  presence  of  methyl  orange 
or  methyl  red  as  indicator. 

Procedure.  About  10  grams  of  the  solution  in  a  weighing  bottle  with  glass 
stopper  is  introduced  into  an  800-cc.  Erlemneyer  flask  containing  about  200  cc. 
of  water  and  sufficient  i  normal  sulphuric  acid  to  combine  with  the  ammonia 
and  about  10  cc.  in  excess.  The  flask  is  stoppered  and  warmed  gently.  This 
forces  out  the  stopper  in  the  weighing  bottle,  the  ammonia  combining  with 
the  acid.  Upon  thorough  mixing,  the  solution  is  cooled,  and  the  excess  of  acid 
is  titrated  with  half  normal  caastic. 

One  cc.  i  N.  H2SO4  =0.0085  gram  XH3. 

Factor.     H28O4XO.3473  =  NH,. 

Note.  The  aqua  ammonia  exposed  to  the  air  will  lose  ammonia,  hence  the  sample 
should  be  kept  stoppered.  This  loss  of  anmonia  is  quite  appreciable  in  strong 
ammoniacal  solutions. 

Determination  of  Combined  Ammonia.    Ammonium  Salts. 

Strong  bases  decompose  ammonium  salts,  liberating  ammonia.    This  may  be 
distilled  into  standard  acid  or  into  a  saturated  solution  of  boric  acid  (neutral  to  . 
methyl  orange)  and  titrated. 

Procedure.  About  1  gram  of  the  substance  is  placed  in  a  distillation  flask 
(see  Fig.  50)  and  excess  of  sodium  or  potassium  hydroxide  added  and  the 
ammonia  distilled  into  a  saturated  solution  of  boric  acid  or  an  excess  of  standard 
sulphuric  acid.  Ammonia  in  boric  acid  solution  may  be  titrated  directly  with 
standard  acid  (methyl  orange  or  methyl  red  indicator)  or  in  case  a  mineral  acid 

»  Factors  recommended  by  Tread  well  and  Hall,  '*  Analytical  Chemistry,"  2,  John 
Wiley  6l  Sons. 
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was  used  to  absorb  the  ammonia,  the  excess  of  acid  is  titrated  with  standard 
caustic  solution. 

One  cc.  half  normal  sulphuric  aci(J  =0.0085  gram  NHa. 
One  cc.  normal  acid  =0.01703  gram  NHj. 
Factors.    HjSO* X  0.3473  =NH,    and    NH,  X  2.8792  =H,SO«. 


ANALYSIS  OF  AMMONIACAL  LIQUOR 

The  crude  liquor  by-product  from  coal  gas  in  addition  to  ammonia  contains 
hydrogen  sulphide,  carbon  dioxide,  hydrochloric  acid,  sulphuric  acid,  combined 
with  ammonia,  also  sulphites,  thiosulphates,  thiocyanates,  cyanides,  ferrocyanides, 
phenols. 

Determination  of  Ammonia 

Volatile  Ammonia.  This  is  determined  by  distillation  of  the  anmionia  into 
an  excess  of  standard  sulphuric  acid  and  titrating  the  excess  of  acid.  With  the 
exception  that  caustic  soda  is  omitted  in  this  determination,  the  details  are  the 
same  as  those  for  total  ammonia  as  stated  in  the  next  paragraph. 

Total  Ammonia.  The  true  value  of  the  liquor  is  ascertained  by  its  total 
ammonia  content.  Ten  to  25  cc.  of  the  sample  is  diluted  to  about  250  cc.  in 
a  distilling  flask  with  a  potash  connecting  bulb,  as  previously  described,  20  cc. 
of  5%  sodium  hydroxide  are  added  and  about  150  cc.  of  solution  distilled  into  an 
excess  of  sulphuric  acid.  The  excess  is  then  titrated  according  to  the  standard 
procedure  for  ammonia. 

One  cc.  N.  H^SO*  =0.01703  gram  NH,. 
Fixed  Ammonia  is  the  difference  between  the  total  and  the  volatile  ammonia. 

Carbon  Dioxide 

Ten  cc.  of  the  liquor  are  diluted  to  400  cc.  and  10  cc.  of  10%  ammoniacal 
calcium  chloride  added  and  the  mixture,  placed  in  a  flask  with  Bunsen  valve,  is 
digested  on  the  water  bath  for  two  hours.  The  precipitated  calcium  carbonate 
is  washed,  placed  in  a  flask  and  an  excess  of  N/2  HCl  added  and  the  excess  acid 
titrated  with  N/2  NaOH. 

N/2  H(1  =0.011  gramCOi. 

Hydrochloric  Acid 

Ten  cc.  of  the  liquor  is  diluted  to  150  cc.  and  boiled  to  remove  ammonia. 
Now  hydrogen  i)eroxide  is  added  to  oxidize  organic  matter,  etc.,  the  mixture  being 
boiled  to  remove  the  excess  of  the  peroxide.  Chlorine  is  titrated  in  presence  of 
potassium  chroniatc  as  indicator  by  tenth  normal  silver  nitrate  after  neutralij^ 
ing  "with  dilute  nitric  acid. 

One  cc.  N/10  AgNO,  =0.00364  gram  HCl. 


NITROGEN  299 


Hydrogen  Sulphide 

To  10  cc.  of  the  liquor  are  added  an  excess  of  ammoniacal  zinc  chloride  or 
acetate,  the  mixture  diluted  to  about  80  cc.  and  warmed  to  40°.  After  settling 
for  half  an  hour  the  zinc  sulphide  is  filtered  off  and  washed  with  warm  water 
(40  to  50®);  the  precipitate  is  washed  from  the  filter  into  an  excess  of  N/10 
iodine  solution,  the  sulphide  clinging  to  the  paper  washed  into  the  main  solu- 
tion with  hydrochloric  acid.  The  mixture  is  acidified  and  the  excess  iodine 
titrated  with  N/10  sodium  thiosulphate. 

One  cc.  N/10  I  =0.0017  gram  H,S    or    0.0016  gram  S. 

Sulphuric  Acid 

250  cc.  of  the  liquor  is  concentrated  to  10  cc,  2  cc.  of  concentrated  hydro- 
chloric added  and  the  mixture  heated  to  decompose  any  thiosulphate,  sulphide 
or  sulphite  present.  The  concentrate  is  extracted  with  water,  filtered  and  made 
to  250  cc.  The  sulphuric  acid  is  now  precipitated  in  an  aliquot  portion  with 
barium  chloride. 

BaSO4X0.4202  =H,S04,    or     X0.1374  =S  present  as  H2SO4. 

Total  Sulphur.  Fifty  cc.  of  the  liquor  is  run  by  means  of  a  pipette  into 
a  deep  beaker  (250  cc.  capacity),  containing  an  excess  of  bromine  covered  by 
dilute  hydrochloric  acid.  The  mixture  is  evaporated  to  dryness  on  the  steam 
bath  and  the  residue  taken  up  with  water  and  diluted  to  250  cc.  Sulphur  is 
now  precipitated  as  barium  sulphate  as  usual,  preferably  on  an  aliquot  portion. 

For  a  more  complete  analysis  of  crude  liquor  determining  sulphite,  thio- 
sulphate, thiocyanate,  hydrocyanic  acid,  ferrocyanic  acid,  and  phenols  the  analyst 
is  referred  to  Lunge,  "  Technical  Methods  of  Chemical  Analysis,"  Part  II,  Vol.  II, 
D.  Van  Nostrand  Co. 

Determination  of  Traces  of  Ammonia 

The  determination  of  traces  of  ammonia  is  best  accomplished  by  the  colori- 
metric  method  with  Nessler*s  reagent.  Details  of  the  procedure  are  given  in  the 
chapter  on  water  analysis. 


NITRIC  ACID.    NITRATES 

The  alkalimetric  method  for  determining  free  nitric  acid,  and  the  complete 
anal>'8is  of  the  commercial  product  are  given  in  the  chapter  on  Acids.  Special 
procedures  for  determining  the  combined  acid  are  herein  given. 

Qravimetric  Method  for  Determining  Nitric  Acid  by  Precipitation 

as  Nitron  Nitrate,  C20H16  N4HNO3 

As  in  case  of  ammonia  the  volumetric  methods  are  generally  preferable  for 
determining  nitric  acid,  combined  or  free.  Isolation  of  nitric  acid  by  precipita- 
tion as  nitron  nitrate  may  occasionally  be  used.  The  fairly  insoluble,  crystalline 
compound,  CsoHi«N4*HNOt  is  formed  by  addition  of  the  base  diphenyl-endo- 
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anilo-hydro-triazole  (nitron)  to  the  solution  containing  the  nitrate  as  directed 
under  Separations.  The  precipitate  washed  with  ice-water  is  dried  to  constant 
weight  at  110°  C.     16.53%  of  the  compound  is  NO,. 

Note.  The  following  acids  should  not  be  present  in  the  solution,  since  their 
nitron  salts  are  not  readily  soluble:  nitrous,  chromic^  chloric,  perchloric,  hydrobromic, 
hydroiodic^  hydroferrocyanic,  hydroferric^anic,  oxalic,  picric  and  thiocyanic  acids. 

Solubihty  of  less  soluble  nitron  salts  in  100  cc.  of  water.  Nitron  nitrate » 0.0099 
gram,  nitron  bromide  =  0.61  gram,  iodide  =0.017  gram,  nitrite  =  0.19  gram,  chromate 
=  0.06  gram,  chlorate  0.12  gram,  perchlorate  =  0.008  ^ram.  thiocyanate=0.04  gram. 
(Treadwell  and  Hall,  "Analytical  Chemistry,  Quantitative  Analjrsis.") 


VOLUMETRIC  METHODS 

Direct  Estimation  of  Nitrates  by  Reduction  to  Ammonia. 

Modified  Devarda  Method  ^ 

An  accurate  procedure  for  the  determination  of  nitrogen  in  nitrates  is  Allen's 
modification  of  the  Devarda  method.  The  method  is  based  upon  the  quantita- 
tive reduction  of  nitrates  to  ammonia  in  an  alkaline  solution  by  an  alloy  con- 
sisting of  45  parts  of  aluminum,  60  parts  of  copper  and  5  parts  of  zinc.  The 
ammonia  evolved  is  distilled  into  standard  sulphuric  acid  and  thus  estimated. 
The  method,  originally  designed  for  the  valuation  of  sodium  or  potassium  nitrate?, 
is  also  of  value  in  the  determination  of  nitric  acid,  nitrites  or  ammonia.  In  the 
latter  ca.se  the  alloy  is  omitted. 

Reagents  Required.  Devarda'8  Alloy.  Forty-five  parts  aluminum,  50  parts 
copper  and  5  parts  zinc.  The  aluminum  is  heated  in  a  Hessian  crucible  in  a  fur- 
nace until  the  aluminum  begins  to  melt,  copper  is  now  added  in  small  portions 
until  liquefied  and  zinc  now  plunged  into  the  molten  mass.  The  mix  is  heated 
for  a  few  moments,  covered  and  then  stirred  with  an  iron  rod,  allowed  to  cool 
slowly  with  the  cover  on  and  the  crystallized  mass  pulverized. 

Standard  Sulphuric  Acid.  This  is  made  from  the  stock  C.P.  acid  by  dilu- 
tion so  that  1  cc.  is  equal  to  0.0057  gram  H2SO4,  100  cc.  of  acid  of  this  strength 
being  equivalent  to  approximately  1  gram  of  sodium  nitrate.  (A  tenth  normal 
acid  will  do,  a  smaller  sample  being  taken  for  analysis.)  Since  it  is  necessary  to 
standardize  this  acid  against  a  standard  nitrate,  it  is  advisable  to  h&xe  an  acid 
especially  for  this  determination  rather  than  a  common  reagent  for  general  use. 

Standardization  of  the  Acid.  1 1 .6  grams  of  standard  potassium  nitrate, 
equivalent  to  about  9.6  grams  of  NaNOs,  is  dissolved  and  made  to  volume  in  the 
weighing  bottle  (100  cc),  and  10  cc.  is  placed  in  the  Devarda  flask,  reduced  and 
the  ammonia  dif^tillcd  into  100  cc.  of  the  acid,  exactly  as  the  following  method 
describes.  The  tem|3erature  of  the  acid  is  noted  and  its  value  in  terms  of  H1SO4, 
KNO3  and  NaNOa  stated  on  the  container.  The  acid  expands  or  contracts 
0.029  cc.  for  every  degree  centigrade  above  or  below  the  temperature  of  stand- 
ardization. 

Standard  Potassium  Nitrate.  The  purest  nitrate  that  can  be  obtained  k 
rccrystallized  in  small  crystals,  by  stirring,  during  the  cooling  of  the  supersatu 
rated  concentrated  solution,  and  dried  first  at  100°  C.  for  several  hours  and  thei 

^  Paper  by  W.  S.  Allen,  General  Chemical  Company,  Eighth  International  Con 
gress  of  Applied  Chemistry. 
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at  210®  C.  to  constant  weight.  Chlorides,  sulphates,  carbonates,  lime,  magnesia 
and  sodium  are  tested  for  and  if  present  are  determined  and  allowance  made. 

Standard  Sodium  Hydroxide.  This  should  be  made  of  such  strength  that  1  cc. 
is  equal  to  1  cc.  of  the  standard  acid,  2  cc.  methyl  red  being  used  as  indicator. 
Ten  cc.  of  the  acid  are  diluted  to  500  cc.  and  the  alkali  added  until  the  color  of 
the  indicator  changes  from  a  red  to  a  straw  color. 

Methyl  Red  Solution.  0.25  gram  of  methyl  red  is  dissolved  in  2000  cc.  of 
95%  alcohol;  2  cc.  of  the  indicator  is  used  for  each  titration.  As  the  indicator 
is  sensitive  to  COj,  all  water  used  must  first  be  boiled  to  expel  carbonic  acid. 
(Baker  &  Adamson,  manufacturers  of  methyl  red.) 

Sodium  Hydroxide — Sp.gr.  1.3.  Pure  sodium  hydroxide  is  dissolved  in 
distilled  water  and  boiled  in  an  uncovered  casserole  with  about  1  gram  of 
Devarda's  alloy  to  remove  ammonia.  This  is  cooled  and  kept  in  a  well-stoppered 
bottle. 

Apparatus.  This  is  shown  in  the  accompanying  illustration,  Fig.  51.  It  consists 
of  the  Devarda  fiask  connected  to  the  scrubber  K,  filled  with  glass  wool.    This 
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Fig.  51. — Devarda's  Apparatus. 


scrubber  is  heated  by  an  electric  coil  or  by  steam  passed  into  the  surrounding 
jacket.  The  scrubber  prevents  caustic  spray  from  being  carried  over  into  the 
receiving  flask  0.    The  form  of  the  apparatus  can  best  be  ascertained  from  the 

sketch. 

Weighing  bottle  with  graduation  at  100  cc.  and  a  10-cc.  dropper  with  rubber 
bulb  is  used  for  weighing  out  the  sample  in  solution.    See  Fig.  52. 
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« 

Preparation  of  the  Sample 

Weight.    It  is  advisable  to  take  a  large  sample  if  possible,  e.g.,  100  grams 
of  NaNOa,  119  grams  of  KNO,  or  about  80  grams  of  strong  HNOa  (95%)  or  more 

if  the  acid  is  dilute.  Solids  are  taken  from  a  large  sample,  all 
lumps  being  broken  down.  After  dissolving  in  water  the  sample 
is  made  up  to  1  liter.  (Scum  is  broken  up  by  addition  of  a 
little  alcohol.)  One  hundred  cc.  of  this  solution  is  placed  in 
the  weighing  bottle,  which  has  been  previously  weighed,  being 
perfectly  clean  and  dry.  The  difference  is  the  weight  of  the 
100-cc.  sample. 

Manipulation.     All  parts  of  the  apparatus  are  washed  out 
with   COa-free   water.     All  water  used  in  this  determination 
should  be  boiled  to  expel  CO*.     Ninety-eight  cc.  of  the  standard 
acid  is  placed  in  flask  O  and  washed  down  with  2  to  3  cc.  of 
water.    Two  cc.  of  the  standard  acid  is  placed  in  flask  P  and 
washed  down  with  10  cc.  of  water  and  13  to  14  drops  of  methyl 
Fig.  52.         red  indicator  added.    Connections  are  made  between  the  flasks 
VVeiehine  Bottle  ^"^  ^^^  scrubber.     (The  correction  is  made  for  the  acid,  the 
and  DroDDer     temperature  being  noted  at  the  time  of  withdrawal.)      A  cas- 
serole, filled  >^ith  cold  water,  is  placed  under  F  (see  illustration). 
The  stem  E  is  removed  from  the  Devarda  flask  and  10  cc.  (or  more)  of  the 
nitrate  added  by  means  of  the  dropper  in  the  weighing  bottle,  a  funnel  having  been 
inserted  in  the  flask.    The  bottle  reweighed  gives  the  weight  of  the  sample 
removed,  by  difference.    The  nitrate  is  washed  down  "with  10  cc.  of  water  and 
25  cc.  of  20%  caustic  added  (free  from  NHj),  the  alkali  washed  down  with  10  cc. 
more  of  water  and  then  3  grams  of  Devarda  alloy  placed  in  the  flask  by  means  of 
dry  funnel.    The  stem  E  is  quickly  replaced,  the  stopcock  being  turned  to  close 
the  tul^e.    The  reiictiou  begins  very  soon.     If  it  becomes  violent,  the  reaction 
may  be  abated  by  stirring  the  water  in  the  casserole,  thus  cooling  the  sample. 
After  the  energetic  action  has  abated  (five  minutes),  the  casserole  with  the  cold 
water  is  removed  and  the  action  allowed  to  continue  for  twenty  mhiutes,  mean- 
time heat  or  steam  is  turned  on  in  the  scrubber.     E  is  connected  at  C  to  the 
flask  B  containing  caustic  to  act  as  a  scrubber.     It  Ls  advisable  to  have  a  second 
flask  containing  sulphuric  acid  attached  to  the  caustic  to  prevent  ammonia  from 
the  laboratory  entering  the  system.    A  casserole  with  hot  water  is  placed  under 
F  and  the  burner  lighted  and  turned  on  full.     A  gentle  suction  is  now  applied 
at  7?,  the  stop-cock  D  being  turned  to  admit  pure  air  into  the  evolution  flask;  the 
rate  should  he  about  5  to  0  bubbles  iKjr  second.     The  suction  is  continued  for 
thirty  minutes,  hot  water  being  replaced  in  the  ctisserole  as  the  water  evaporates. 
The  heat  is  now  turned  off  and  the  apparatus  disconnected  at  M  and  J.    The 
contents  of  this  elbow  and  the  condenser  are  washed  into  the  flask  O.    The  acid 
in  O  and  P  poured  into  an  800-cc.  beaker  and  rinsed  out  several  times.     The 
volune  in  the  In^aker  is  made  up  to  500  cc,  1  cc.  of  methyl  red  added,  and  the 
free  acid  titrated  with  the  standard  caustic.     The  end-point  is  a  straw  yellow. 
Calculation.     The  cc.  of  the  back  titration  with  caustic  being  deducted, 
^  of  the  acid  ren^aining  (e.g.,  combined  with  amm.onia)  is  corrected  to 
'  condition.     Expansion  or  contraction  of  the  acid  is  0.029  cc.  per  each 
)ove  or  below  the  temperature  at  which  the  acid  was  standardized. 
I  exactly  0.057  gram  H2SO4  per  cc,  the  result  multiplied  by  0.989  and 


NITROGEN  303 

divided  by  the  weight  of  the  sample  taken  gives  per  cent  nitrate.     (In  terms  of 
.VaXO,.) 

The  Weight  of  the  Sample.  Ten  times  the  difference  of  the  weighings 
of  the  bottle  W  before  and  after  removal  of  the  10  cc.  and  the  product  divided 
by  the  weight  of  the  100  cc.  of  the  solution  equals  the  weight  of  solid  taken. 

Example.  Weighi  of  the  bottle + 100  cc.  sample  ==218  grams.  Weight  of  the  bottle 
=  112  grams,  therefore  weight  of  100  cc.  NaNOj  =  106  grams. 

Weight  of  the  bottle-f  100  cc.  sample  =  218.  Weight  after  removal  of  10  cc  =207.4 
grams,  therefore  sample  taken  =  10.6  grams,  including  the  added  water.  Now  from 
above  the  weight  of  tne  actual  sample  taken  =  10.6  X 10  4- 106  =  1  gram. 

Temperature  Correclion.  Temperature  of  standardization  =  20°  C.  Temperature 
of  the  sulphuric  acid  when  taken  for  the  analysis  =  31°  C.  Back  titration  of  the 
cau8ttc=2  cc.  The  correct  volume  =  (100 -2) -((31 -20)  X0.029)=  97.681  cc. 
H280«  combined  with  ammonia  from  the  reduced  nitrate.  97.681  X0.989  -5- 1  =96.62% 
NaNOa. 

Factors.    H,SO4X2.06107  =  KNO,  or  X1.7334  =  NaNOa  or  Xl.2850  =  HNO,. 

HtS04  X  0.9587  =  HNOt    or     X0.3473  =  NH,. 

NH,  X  3.6995  =  HNO,    or     X4.9906  =  NaNO,    or     X  4.0513  =  NaNO,. 

NaN04X1.1894  =  KNOa    and    K  NO,  X  0.8408  =  NaNOj. 


ANALYSIS  OF  NITRATE  OF  SODA 

The  following  impurities  may  occur  in  nitrate  of  soda:  KNO»,  NaCl,  Na2S04, 
Na/::0„  NaClO,,  NaClO*,  Fc,0„  AUG,,  CaO,  MgO,  SiOt,  H,0,  etc.  In  the 
analysis  of  sodium  nitrate  for  determination  of  NaNOa  by  difference,  moisture, 
NaCl,  Na^SOi  and  insoluble  matter  are  determined  and  their  sum  deducted 
from  100,  the  difference  being  taken  as  NaNOj.  Such  a  procedure  is  far  from 
accurate,  the  only  reliable  method  being  a  direct  determination  of  niter  by  the 
Devarda  method  given  in  detail.  The  following  analysis  may  be  required  in  the 
valuation  of  the  nitrate  of  soda. 

Determination  of  Moisture 

Twenty  grams  of  sample  are  heated  in  a  weighed  platinum  dish  at  205  to 
210**  C.  for  fifteen  minutes  in  an  air  bath  or  electric  oven.  The  loss  of  weight 
multiplied  by  5  =»  per  cent  moisture.     (Save  sample  for  further  tests.) 

Insoluble  Matter 

Ten  grams  are  treated  with  50  cc.  of  water  and  filtered  through  a  tared 
Gooch.  The  increased  weight  dried  residue  (100°  C.)  multiplied  by  10=per 
cent  insoluble  matter.    (Save  filtrate.) 

Sodium  Sulphate 

The  moisture  sample  is  dissolved  in  20  cc.  hot  water  and  transferred  to  a 
porcelain  crucible.  It  is  evaporated  several  times  with  hydrochloric  acid  to 
dryness  to  expel  nitric  acid.  (Until  no  odor  of  free  chlorine  is  noticed  when  thus 
treated.)    Fifty  cc.  of  water  and  5  cc.  hydrochloric  acid  are  now  added  and  the 
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sample  filtered.  Any  residue  remaining  is  principally  silica.  The  filtrate  is 
heated  to  boiling,  10  cc.  of  10%  barium  chloride  solution  added,  and  the  precipi- 
tated sulphate  filtered  off,  ignited  and  weighed. 

BaS04X  3.0445  =per  cent  Na^SO*. 

Iron,  Alumina,  Lime,  and  Magnesia 

These  impurities  may  be  detennined  on  a  20-gram  dried  sample,  the 
material  being  dried  and  evaporated  as  in  case  of  the  sodium  sulphate  determina- 
tion. The  filtrate  from  sihca  is  treated  with  ammonium  hydroxide  and  Fe(OH)» 
and  Al(()H)s  filtered  off.  Lime  is  precipitated  from  the  iron  and  alumina  filtrate 
as  oxalate  and  magnesia  determined  by  precipitation  as  phosphate  from  the 
lime  filtrate  by  the  standard  procedures. 

Sodium   Chloride 

The  filtrate  from  the  insoluble  residue  is  brought  to  boiling  and  magnesia, 
MgO  (CI  free),  is  added  until  the  solution  is  alkaline  to  litmus.  0.5  cc.  of  \% 
potassium  chromate  (K2Cr04)  solution  is  added  as  an  indicator  and  then  the 
solution  is  titrated  with  a  standard  solution  of  silver  nitrate  until  a  faint  red 
tinge  is  seen,  the  procedure  being  similar  to  the  determination  of  chlorides  in 
water  by  silver  nitrate  titration.  The  cc.  AgNOjXfactor  for  this  reagentX  10  =per 
cent  NaCl. 

Silver  nitrate  is  standardized  against  a  salt  solution. 

Carbonates 

This  determination  is  seldom  made.  COj  may  be  tested  for  by  addition  o^ 
dilute  sulphuric  acid  to  the  salt.  Effervescence  indicates  carbonates.  Any 
evolved  gas  may  be  tested  by  lime  water,  which  becomes  cloudy  if  COt  is  present. 
P'or  details  of  the  procedure  reference  is  made  to  the  chapter  on  Carbon. 


DETERMINATION  OF  NITRIC  NITROGEN  IN  SOIL  EXTRACTS 

Vamari-Mitscherlich-Devarda  Method 

Procedure.  Forty  cc.  of  water,  a  small  pinch  of  magnesia  and  one  of  mag- 
nesium sulphate  are  added  to  flask  D  of  the  Mitscherlich  apparatus  (Fig.  53). 
Twenty-five  cc.  of  standard  acid  and  GO  cc.  of  neutral  redistilled  wat^r  are  placed 
in  flask  F;  2o0  or  300  cc.  of  aqueous  soil  extract  are  placed  in  a  600-cc.  Kjeldahl 
flask,  2  cc.  of  50%  sodium  hydroxide  added,  the  mouth  of  the  flask  closed  with 
a  small  funnel  to  prevent  spattering,  and  the  contents  of  the  flask  boiled  for 
thirty  minutes.  The  water  which  has  boiled  off  is  replaced,  and,  after  cooling. 
1  gram  of  Dcvarda's  alloy  (CO  mesh),  and  a  small  piece  of  paraffin  are  added 
and  the  flask  connected  with  the  apparatus;  reduction  and  distillation  are  carried 
on  for  forty  minutes.    The  receiver  contents  are  then  cooled,  4  drops  of  0.02% 
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solution  of  methyl  red  added^  the  excess  acid  is  nearly  neutralized,  the  liquid 
boiled  to  expel  C0»,  cooled  to  10  to  15®  and  the  titration  completed. 
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Fig.  53. — Mitscherlich's  Apparatus  for  Nitrogen  Determination. 


DETERMINATION   OF  NITROGEN   OF   NITRATES   (AND 
NITRITES)   BY   MEANS  OF  THE   NITROMETER 

The  nitrometer  is  an  exceedingly  useful  instrument  employed  in  the  accurate 
Measurement  of  gases  liberated  in  a  great  many  reactions  and  has  therefore  a 
number  of  practical  applications.  It  may  be  used  in  the  determination  of  carbon 
dioxide  in  carbonates;  the  available  oxygen  in  hydrogen  dioxide;  in  the  valua- 
tion of  nitrous  ether  and  nitrites;  in  the  valuation  of  nitrates  and  nitric  acid 
in  mixed  acids. 

The  method  for  the  determination  of  nitrogen  in  nitrates,  with  which  we 
are  concerned  in  this  chapter,  depends  on  the  reaction  between  sulphuric  acid 
and  nitrates  in  presence  of  mercury: 

2KNO,+4H^04+3Hg=K,S04+3HgS04+4H20+2NO. 

The  simplest  type  of  apparatus  is  shown  in  the  illustration,  Fig.  54.  The 
graduated  decomposition  tube  has  a  capacity  of  100  cc.  It  is  connected  at  the 
base  by  means  of  a  heavy-walled  rubber  tubing  with  an  ungraduated  leveling 
tube  (6).  At  the  upper  portion  of  (a)  and  separated  from  it  by  a  glass  stop- 
cock («)  is  a  bulb  (c)  of  about  5  cc.  capacity;  a  second  stop-cock  enables  com- 
pletely enclosing  the  sample,  as  may  be  necessary  in  volatile  compounds.  The 
glass  stop-cock  («),  directly  above  the  graduated  chamber,  is  perforated  so  as 
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to  establish  connection  with  the  tube   (d)  when  desired  and  the  graduatw 
cylinder  (a). 

Procedtire.    The  tube  (6)  is  filled  with  mercury  and  the  air  in  (o)  now  d» 
placed  by  mercury,  by  turning  the  stop-cock  to  form  an  open  passage  betweei 
(a)  and  {d)  and  then  raising  (6).    A  sample  of  not  over  0.35  gram  potassium 
nitrate  or  a  corresponding  amount  of  other  nitrates,  is  introduced  into  (c),  the 
material  being  washed  in  with  the  least  amount  of  water  necessary  (1  to  2  cc). 
By  lowering  (6)  and  opening  the  stop-cock  s  the  solution  is  drawn  into  the 
decomposition  chamber,  taking  care  that  no  air  enters.    This  is  followed  by  about 
15  cc.  of  pure,  strong  sulphuric  acid  through  Si  and  s,  avoiding  admitting  air  as 
before.     NO  gas  is  liberated  by  the  heat  of  reaction  between  the  sulphuric  acid 
and  the  water  solution.    When  the  reaction  subsides,  the  tube  (a)  is  shaken 
to  mix  the  mercury  with  the  liquor  and  the  NO  completely  liberated.    The  gas 
is  allowed  to  cool  to  room  temperature  and  then  measured,  after  raising  or 
lowering  (6)  so  that  the  column  of  mercury  is  the  calculated  excess  of  height 
above  that  in  (a)  in  order  to  have  the  gas  under  atmospheric  pressure.    The 
excess  of  height  is  obtained  by  dividing  the  length  of  the  acid  layer  in  (a),  in 
millimeters,  by  7  and  elevating  the  level  of  the  mercury  in  (6)  above  that  in  (a) 
by  this  quotient;    i.e.,  if  the  acid  layer  =21  mm.  the  mercury  in  (b)  would  be 
3  mm.  above  that  in  (a).    The  volume  of  gas  is  reduced  to  standard  conditions 
by  using  the  formula 

V{P-xv) 

760(1+0.003670' 

r'=  volume  under  standard  conditions;  V'=  observed  volume;  P=  observed 
barometric  pressure  in  nun.;  i(?=  tension  of  aqueous  vapor  at  the  observed  tem- 
perature, expressed  in  millimeters;   f=  observed  temperature. 

One  cc.  gas  =4.62  milligrams  of  KNOs,     or    3.8  milligrams  NaNOi 

or    2.816  milligrams  HNO3. 

Du  Pont  Nitrometer  Method  ^ 

The  Du  Pont  nitrometer,  Fig.  55,  is  the  most  accurate  apparatus  for  the  volu* 
metric  determination  of  nitrates.  By  use  of  this,  direct  readings  in  per  cent  mftX 
be  obtained,  without  recourse  to  correction  of  the  volume  of  gas  to  standard  con- 
ditions and  calculations  such  as  are  required  with  the  ordinary  nitrometers. 

The  apparatus  consists  of  a  generating  bulb  of  300  cc.  capacity  E  with  its 
reservoir  F  connected  to  it  by  a  heavy-walled  rubber  tubing.  E  carries  two 
glass  sto|>cocks  as  is  shown  in  illustration.  The  upper  is  a  two-way  stop-cock 
connecting  either  the  cup  or  an  exit  tube  with  the  chamber.  D  is  the  chamber 
reading  burette,  calibrated  to  read  in  percentages  of  nitrogen,  and  graduated 
from  10  to  \-\%,  divided  in  1/10()%.  Between  171.8  and  240.4  cc.  of  gas  must 
1)0  gonorated  to  obtain  a  reading.  A  is  also  a  measuring  burette,  that  may  be 
used  in  place  of  D  where  a  wider  range  of  metvsurement  is  desired.  "  It  is  used 
for  the  nieasuronient  of  small  as  well  as  large  amounts  of  gas.  It  is  most  comr 
monly  graduated  to  hold  30().l  milligrams  of  NO  at  20**  C.  and  760  mm.  pressuii 
and  this  volume  is  divided  into  100  unit.s  (subdivided  into  tenths)  each  uni* 
being  equivalent  to  3.001  milligrams  of  NO.    When  compensated,  the  gas  fron 

*  See  paper  by  J.  R.  Pitman,  Jour.  Soc.  Chem.  Ind.,  p.  983,  1900. 
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imes  the  molecular  weight  in  miUigraiiui  of  any  nitrate  of  the  formula  RNOi 
ve  timea  molecular  weight  of  R(NO]),)  should  exactly  fill  the  burette.  This 
lifies  all  calculation!!;  for  example  the  per  cent  nitric  acid  in  a  mixed  acid 
dbe 

jurette  reading,  TF -grama  acid  taken."'  C  is  the  compensating  burette 
similar  in  form  to  the  chamber  burette  D.     B  is  the  leveling  bulb,  by  the 


0.  64. — Nitrometer, 


Fia.  S5. — Du  Font's  Nitrometer. 


ig  or  lowering  of  which  the  standard  pressure  in  the  system  may  be  obtained, 
apparatus  aa  shown  in  Fig.  55  is  mounted  on  an  iron  stond.  As  in  the  more 
le  form  of  apparatus,  previously  described,  mercury  is  used  as  the  con- 
5  liquid.  The  parte  are  connected  by  heavy-walled  rubber  tubing,  wired 
e  glass  parts. 

.  W.  Betla,  Chemist,  E.  I.  DuPont  de  Nemours  Powder  Co.,  in  letter  to  author. 


308  NITROGEN 

Standardizing  the  Apparatus.  The  apparatus  having  been  arranged  and  the 
various  parts  filled  with  mercury,  the  instrument  is  standardized  as  follows: 
20  to  30  cc.  of  sulphuric  acid  are  drawn  into  the  generating  bulb  through  the 
cup  at  the  top,  and  at  the  same  time  about  210  cc.  of  air;  the  cocks  are  then 
closed,  and  the  bulb  well  shaken;  this  thoroughly  desiccates  the  air,  which  is  then 
run  over  into  the  compensating  burette  until  the  mercury  is  about  on  a  level  with 
the  12.30%  mark  on  the  other  burette,  the  two  being  held  in  the  same  relative 
position,  after  which  the  compensating  burette  is  sealed  off  at  the  top.  A 
further  quantity  of  air  is  desiccated  in  the  same  manner  and  run  into  the  read- 
ing burette  so  as  to  fill  up  to  about  the  same  mark;  the  cocks  are  then  closed, 
and  a  small  piece  of  glass  tubing  bent  in  the  form  of  a  U,  half  filled  with  sul- 
phuric acid  (not  water),  is  attached  to  the  outlet  of  the  reading  burette;  when 
the  mercury  columns  are  balanced  and  the  enclosed  air  cooled  down,  the  cock 
is  again  carefully  opened,  and  when  the  sulphuric  balances  in  the  U-tube,  and 
the  mercury  columns  in  both  burettes  are  at  the  same  level,  then  the  air  in  each 
one  is  under  the  same  conditions  of  temperature  and  pressure.  A  reading  is  now 
made  from  the  burette,  and  the  barometric  pressure  and  temperature  carefully 
noted,  using  the  formula 

FaPo(273-fO 
'  P,273       ' 

the  volume  this  enclosed  air  would  occupy  at  29.92  ins.  pressure  and  20**  C.  is 
found.  The  cock  is  again  closed  and  the  reservoir  manipulated  so  as  to  bring 
the  mercury  in  both  burettes  to  the  same  level,  and  in  the  reading  burette  to  the 
calculated  value  as  well.  A  strip  of  paper  is  now  pasted  on  the  compensating 
burette  at  the  level  of  the  mercury,  and  the  standardization  is  then  complete. 

Another  rapid  method  of  standardizing  is  to  fill  the  compensating  chamber 
with  desiccated  air  as  stated  in  the  first  procedure  and  then  to  introduce  into  the 
generating  chamber  1  gram  of  pure  potassium  nitrate  dissolved  in  2  to  4  cc.  of 
water,  the  cup  is  rinsed  out  with  20  cc.  of  66°  B^aume  sulphuric  acid,  making 
three  or  four  washings  of  it,  each  lot  being  drawn  down  separately  into  the  bulb. 
The  generated  gas  formed  after  vigorous  shaking  of  the  mixture,  as  stated  under 
procedure,  is  run  into  the  measuring  burette.  The  columns  in  both  burettes  are 
balanced  so  that  the  reading  burette  is  at  13.<S5  (=per  cent  N  in  KNOa).  ^ 
strip  of  paper  is  pasted  on  the  compensating  burette  at  the  level  of  the  mer- 
cury, and  standardization  is  accomplished.  By  this  method  the  tempertlur® 
and  pressure  readings,  and  the  calculations  are  avoided.* 

Procedure  for  Making  the  Test.  Salts,  One  gram  of  sodium  or  potass. n"^ 
nitrate,  or  such  an  amount  of  the  material  as  will  generate  between  172  to  240cc- 
of  gas,  is  dissolved  in  a  little  water  and  placed  in  the  cup  of  the  generating  biB). 

Liquid  Acids.  The  acid  is  weighed  in  a  Lunge  pipette  and  the  desired  amoiO^ 
run  into  the  funnel  of  the  generating  bulb,  the  amount  of  acid  that  is  tak« 
being  governed  by  its  nitrogen  contxjnt. 

The  sample  is  drawn  into  the  bulb;  the  funnel  is  then  rinsed  out  with  th.^ 
or  four  successive  washings  of  95%   sulphuric  acid,  the  total  quantity  bei< 

20  cc. 

To  generate  the  gas,  the  bulb  is  shaken  well  until  apparently  all  the  gae.i* 

1  Standardization  with  "  C.  P.  KNOj  is  the  better,  as  it  is  less  tedious  and  is 
3ubje(^t  to  the  correction  errors  that  cannot  be  escaped  when  standardizing  with 
The  KNO,  must  be  of  undoubted  purity."— A.  W.  Betts. 
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foTiied,  taking  care  that  the  lower  stopcock  has  been  left  open,  this  cock  is  then 
closed  and  the  shaking  repeated  for  two  minutes.  The  reservoir  is  then  lowered 
until  about  60  cc.  of  mercury  and  20  cc.  of  acid  are  left  in  the  generating  bulb. 
There  will  remain  then  s\ifficient  space  for  220  cc.  of  gas. 

Note.  If  too  much  mercury  is  left  in  the  bulb,  the  mixture  will  be  so  thick  that 
it  will  be  found  difficult  to  complete  the  reaction,  a  long  time  will  be  required  for  the 
residue  to  settle  and  some  of  the  gas  is  liable  to  be  held  in  suspension  by  the  mercur>', 
80  that  inaccurate  results  follow. 

The  generated  gas  is  now  transferred  to  the  reading  burette,  and  after  wait- 
ing a  couple  of  minutes  to  allow  for  cooling,  both  burettes  are  balanced,  so  that 
in  the  compensating  tube  the  mercury  column  is  on  a  level  with  the  paper  mark 
as  well  as  with  the  column  in  the  reading  burette;  the  reading  is  then  taken. 
•  If  exactly  one  gram  of  the  substance  is  taken  the  percentage  of  nitrogen  may 
be  read  directly,  but  in  case  of  other  amounts  being  taken,  as  will  invariably  be 
the  case  in  the  analysis  of  acids,  the  readings  are  divided  by  the  weight  of  the 
substance  and  multiplied  by  4.5  to  obtain  the  per  cent  of  nitric  acid  mono- 
hydrate  present. 

The  procedure  may  be  used  for  determining  nitrites  as  well  as  nitrates. 

Determination  of  HNO3  in  Oleum  by  Du  Pont  Nitrometer  Method  ^ 

About  10  cc.  oleum  are  weighed  in  a  30-cc.  weighing  bottle,  10  cc.  95% 
reagent  sulphuric  acid  added  and  mixed  by  shaking.  This  mixture  is  transferred 
to  the  nitrometer  reaction  tube  and  the  weighing  bottle  and  nitrometer  cup 
rinsed  with  three  5-cc.  portions  of  the  reagent  sulphuric  acid  which  is  drawn  into 
the  reaction  tube.  This  is  vigorously  shaken  for  three  minutes  and  the  gas 
then  passed  4o  the  m^easuring  tube  and  allowed  to  stand  for  about  five  minutes, 
after  which  the  mercury  levels  are  adjusted  and  the  reading  taken. 

It  is  obvious  that  this  determination  includes  any  nitrous  acid  In  the  oleum. 

Combined  Nitric  Acid 

The  nitric  acid  in  nitrates  may  be  determined  by  titration  with  ferrous 
sulphate.  The  nitrate  dissolved  in  a  little  water  is  run  into  strong  sulphuric  acid 
and  titrated  with  standard  ferrous  sulphate  according  to  the  procedure  described 
for  determining  free  nitric  acid  in  mixed  acids  in  the  chapter  on  the  subject. 

^  By  courtesy  of  £.  I.  du  Pont  de  Nemours  Powder  Co. 
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Element.  Phosphorus  is  recognized  by  its  glowing  (phosphorescence)  in 
the  air.  The  clement  is  quickly  oxidized  to  PiOi ;  if  the  yellow  modification  is 
slightly  warm  (34®  C.)  the  oxidation  takes  place  with  such  energy  that  the 
substance  bursts  into  flame.    The  red  form  is  more  stable.    It  ignites  at  26(f  C 

Boiled  with  KOH  or  NaOH  it  forms  phosphine,  PHi,  which  in  presence  of 
accompanying  impurities  is  inflammable  in  the  air. 

Phosphorus  oxidized  to  PiOi  may  be  detected  with  ammonium  molybdate, 
a  yellow  compound,  (NH4)»P04«12MoOi»3HiO,  being  formed. 

Acids.  Hypophosphorous  Acid,  HtPOty  heated  with  copper  sulphate  t^ 
55°  C.  gives  a  reddish-black  compound,  CutHj,  which  breaks  down  at  100®  to 
H  and  Cu.  Permanganates  are  reduced  immediately  by  hypophosphorous  acid- 
No  precipitates  are  formed  with  barium,  strontium  or  calcium  solutions.  Zux^ 
in  presence  of  sulphuric  acid  reduces  hypophosphorous  acid  to  phosphine,  PHj. 

Phosphorous  Acid,  U3PO1.  Copper  sulphate  is  reduced  to  metallic  coppef 
and  hydrogen  is  evolved,  no  CU2H2  being  formed  as  in  case  of  hypophosphorous 
acid.  Permanganates  are  reduced  slowly.  Added  to  solutions  of  barium,  stron-^ 
tium  or  calcium  white  phosphites  of  these  elements  are  precipitated.  Alkal* 
phosphites  are  soluble  in  water,  while  hypophosphites  are  not  readily  soluble. 

Orthophosphoric  Acid,  HzPO^,  Ammonium  phosphomolybdate  precipi' 
tatcs  yellow  ammonium  phosphomolybdate  from  slightly  nitric  acid  solulion:?. 
The  precipitate  is  soluble  in  anmionium  hydroxide. 

Metaphosphoric  Acid,  UPOi,  Converted  by  nitric  acid  in  hot  solutions 
to  the  ortho  form.  Metaphosphoric  acid  is  not  precipitated  by  ammoniuni 
molybdate. 

Pyrophosphoric  Acid,  HiP^O-j.  Converted  to  orthophosphoric  acid  in  ho* 
solutions  by  nitric  acid.    No  preeijntate  is  formed  with  ammonium  molybdate. 

Comparison  of  Ortho,  Meta  and  Pyrophosphoric  Acms 


Reagent. 


Orthophosphoric 
acid. 


Ammonium  molybdate. 
Albumin 


Zinc  sulphate,  cold,  in  excess. .  . . 
Silver  nitrate  in  neutral  solution. 

Magnesium  salts 


Yellow  ppt. 


Yellow  ppt., 
White  ppt. 
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Metaphosphorio 
acid. 


No  ppt. 
Coagulated 
No  ppt. 
White  ppt., 

AgPOa 
No  ppt. 


Pyrophosphorie 
aoid. 


No  ppt. 

Not  coagulated 
White  ppt. 
White  ppt., 

Ag4PlOT 

No  ppt. 
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Phosphorous  acids  are  distinguished  from  phosphoric  acids  by  the  phosphine 
ormed  with  the  former  when  acted  upon  with  zinc. 

Acid  phosphates  are*  distinguished  from  normal  phosphates  as  follows: 
*seutral  silver  nitrate  added  to  an  acid  phosphate  liberates  free  nitric  acid  (Litmus 
«st),  the  following  reaction  taking  place: 

3AgNO,+Na,HP04=AgJ04+2NaNO,+HNO,. 

The  solution  resulting  when  silver  nitrate  is  added  to  normal  phosphate 
solution  is  neutral. 

3AgNO,+NaJ>04  -  AgJ>04+3NaNO,. 


ESTIMATION 

The  determination  of  the  pentoxide  of  phosphorus  is  required  in  a  large 
number  of  substances,  since  it  is  widely  distributed  in  the  form  of  phosphates — 
calcium  phosphate,  Ca»(P04)j;  fluor  apatite,  3Ca»(P04)fCaF2;  chlor  apatite, 
3Ca,(P04),-CaCl,;  vivianite,  Fea(P04)2-8H,0;wavelite,  2AWP04)2-A1,(0H),.9H20; 
pyromorphite,  3Pb»(P04)2-PbClt;  phosphates  of  iron  and  calcium  in  phosphate 
ores,  hence  in  slags  of  the  blast  furnace.  It  occurs  in  fertile  soils,  bones,  plant 
&nd  animal  tissues. 

The  chemist  is  especially  concerned  in  the  determination  of  phosphoric 
wid  (PjO*),  in  the  evaluation  of  materials  used  for  the  manufacture  of  the  acid — 
bone  ash  and  phosphate  rock  (see  table  below).  Generally,  determinations 
of  lime,  iron  and  alumina  are  also  desired  and  f  recjuently  a  more  complete 
analysis.  In  the  analysis  of  phosphoric  acid  certain  impurities  occurring  in 
the  crude  material  used  are  determined,  e.g.,  iron,  lime,  magnesia,  sulphuric, 
hydrochloric  and  hydrofluoric  acids,  etc.  Phosphoric  acid  is  determined  in 
the  evaluation  of  phosphate  fertilizers,  phosphates  used  in  medicine,  phosphate 
hiking  powders,  etc. 

The  element  is  determined  in  iron,  steel,  phosphor  bronzes,  and  other  alloys. 

Typical.  Analyses* 


Substaace. 


Bone  Ash. 


Charlostown 


Spanish 


jhoric  oxide .  . . 
oulphiir  trioxide. . . . 

...  dioxide 

lime 

^lagDesia 

Ahmuna 

Ferric  oxide 

fluorme,  etc 

Alkaline  salts 

Silica— Band,  etc 


39.55 

27.17 

33.38 

3.30 

0.57 

4.43- 

4.96 

4.10 

52.46 

44.03 

47.16 

1.02 

0.37 

trace 

1.44 

0.89 

0.17 

0.43 

2.59 

2.38 

4.01 

0.87 

0.51 

5.60 

3.71 

Sombrero 
Phosphate. 

Redonda 
Phosphates. 

35.12 

35.47 

7.40 
51.33 

+Fe 
1.02 

20.17 
8.85 

6!42 
2.02 

9.70 

Canadian 
Phosphate. 

37.68 


51.04 

Ferf),, 
AljO,. 
F.  etc. 
=6.88 
4.29 


♦Thorpe,  "  Dictionary  of  Applied  Chemistry,"  Longmans,  Green  A  Co. 

Preliminary  Remarks.  Practically  all  procedures  for  the  determination  of 
phosphorus  depend  upon  its  oxidation  to  ortho  phosphoric  acid  and  its  pre- 
ipitation  by  ammonium  molybdato  from  a  nitric  acid  solution  as  ammonium 
ihospho-molybdate.  It  may  now  be  determined  either  gravimetrically  or 
olumetrically.    Two  procedures  are  of  importance  in  the  gravimetric  deter- 
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mination  of  phosphorus;  the  first  depends  upon  the  direct  wei^^iing  of  the 
yellow  phosphomolybdate,  dried  at  llO**  C;  the  second,  on  the  conversion  of  the 
yellow  precipitate  to  the  magnesium  salt  and  its  ignition  to  pyrophosphate. 
Two  volumetric  procedures,  which  are  of  special  value  in  the  determination  of 
small  amounts  of  phosphorus  as  in  case  of  phosphorus  in  iron  and  steel,  are  to  be 
recommended  for  their  rapidity  and  accuracy.  One  of  these  is  to  dissolve  the 
ammonium  phosphomolybdate  in  a  known  amount  of  standard  caustic,  titrate 
the  excess  of  alkali  with  standard  acid,  which  indicates  the  alkali  required  to 
neutralize  the  molybdic  acid  in  the  yellow  precipitate.  From  this  the 
amount  of  phosphorus  present  may  be  calculated.  A  second  procedure  of  equal 
accuracy  and  rapidity  is  to  dissolve  the  molybdate  in  anunonia,  add  an  excess 
of  sulphuric  acid,  pass  the  warm  solution  through  a  colunm  of  zinc  and  titrate 
the  reduced  molybdic  acid  with  standard  potassium  permanganate,  the  amount 
of  permanganate  required  being  a  measure  of  the  phosphorus  present. 

The  impurities  interfering  in  the  procedures  are  siUca  and  arsenic  acid.  The 
first  may  be  eliminated  by  dehydration  of  the  silicic  acid  in  the  solution  and  its 
removal  as  insoluble  Si02  by  filtration.  Arsenic  in  small  quantities  does  not 
interfere  under  certain  conditions;  in  large  quantities  its  removal  is  imperative. 

Preparation  and  Solution  of  the  Sample 

Amount  of  the  Sample  Required.  For  accurate  results  it  is  advisable  to 
take  a  fairly  large  sample,  5  to  10  grams,  and  when  it  has  been  dissolved,  to 
dilute  to  a  definite  volume,  500  or  1000  cc.  Aliquots  of  this  solution  are  taken 
for  analysis. 

Iron  Ores,  Phosphate  Rock  and  Minerals.  Five  to  10  grams  of  the  pul* 
verized  material  placed  in  a  3-in.  porcelain  dish  are  digested  for  an  hour  with 
50  to  100  cc.  of  concentrated  hydrochloric  acid  (sp.gr.  1.19),  the  dish  being  covered 
by  a  clock-glass  and  placed  on  a  steam  bath.  The  acid  is  now  diluted  with 
half  its  volume  of  water  and  the  solution  filtered  into  a  porcelain  dish  of  suf- 
ficient capacity  to  hold  the  filtrate  and  washings.  The  residue  is  washed  with 
dilute  hydrochloric  acid  (1:1)  until  free  of  visible  iron  discoloration.  The 
filtrate  and  washings  are  evaporated  rapidly  on  a  hot  plate  to  small  volume 
and  then  to  dryness  over  the  steam  bath.  Meanwhile  the  insoluble  residue  and 
filter  are  ignited  in  a  2()-cc.  platinum  crucible  over  a  M6ker  burner  or  in  a  muffle 
furnace  and  the  residue  fused  with  ten  times  its  weight  of  sodium  carbonate. 
The  fusion  is  removed  by  inserting  a  platinum  wire  into  the  molten  mass, 
allowing  to  cool  and  then  gently  heating  until  the  mass  loosens  from  the  cru- 
cible, when  it  may  be  removed  on  the  wire.  The  cooled  mass  on  the  wire  and  that 
remaining  in  the  crucible  are  dissolved  in  dilute  hydrochloric  acid,  and  the 
filtered  solution  added  to  the  main  solution.  The  combined  solutions  arc 
evaporated  to  dr\Tiess,  and  heated  gently  to  dehydrate  the  silica.  The  residue 
is  taken  up  with  a  few  cc.  of  hydrochloric  acid,  the  solution  diluted,  filtered 
and  the  SiOa  wjushod  with  dilute  nitric  acid  solution.  The  combined  filtrates 
are  made  up  to  500  or  1000  cc.    Aliquots  of  this  solution  ajre  taken  for  analysis. 

Iron  and  Steel.  Five  to  10  grams  of  the  drillings  or  filings  are  dissolved  in  an 
Erlenmeyer  flask  with  50  to  100  cc.  of  dilute  nitric  acid,  1:1,  more  acid  being 
added  if  necessary.  When  dissolved,  a  strong  solution  of  KMnOi  is  added 
until  a  pink  color  appears;  on  boiling  bro\ni  manganese  dioxide  forms  in  the 
solution  if  a  sufiicient  amount  of  permanganate  has  been  added.    This  is  dis- 
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Ived  by  adding  2%  sodium  thiosulphate  solution  in  just  sufficient  quantity  to 
ssolve  the  precipitate.  The  solution  is  diluted  to  a  convenient  volume  for 
lalysis.  Where  a  number  of  determinations  are  to  be  made,  it  is  advisable 
weigh  the  amount  of  sample  desired  for  the  determination  and  to  precipitate 
le  ammonium  phosphomolybdate  in  the  flask  in  which  the  drillings  have  been 
issolved. 

Ores  Containing  Titanium.  Titanium  may  be  recognized  by  the  red  color 
reduced  by  hydrogen  peroxide,  HtOj,  added  to  the  sulphuric  acid  extract;  also 
y  the  reduction  test  with  zinc,  which  causes  a  play  of  colors,  the  solution  becom- 
cig  colorless  by  the  reduction  of  iron,  then,  in  presence  of  titanium,  pink,  purple 
ind  finally  blue.  (Vanadium  gives  similar  tests.)  Solutions  Containing  titanium 
requently  appear  milky  when  the  solution  is  diluted  before  filtering  off  the  insol- 
ible  residue.  Since  titanium  forms  an  insoluble  compound  with  phosphoric  acid 
uid  iron  oxide  ^  the  final  residue,  obtained  by  the  method  of  solution  for  ores, 
phosphate  rock  and  minerals,  should  be  moistened  with  sulphuric  acid  and  the 
silica  expelled  with  hydrofluoric  acid.  The  solution  is  evaporated  to  dryness  and 
to  SOs  fumes,  the  residue  fused  with  sodium  carbonate  and  taken  up  with  boiling 
Water.  TiOi  remains  insoluble,  while  VtOh  passes  into  the  filtrate  as  the  sodium 
salt.  The  procedure  may  be  shortened  by  treating  the  original  sample  directly 
according  to  this  method  of  solution,  a  2-gram  sample  being  taken,  as  larger 
amounts  are  difficult  to  handle. 

Soluble  Phosphates,  Phosphate  Baking  Powder,  etc.  A  water  extract 
is  generally  sufficient  to  get  the  material  in  solution.  In  case  iron,  alumina,  lime 
and  magnesia  salts  are  present,  as  may  occur  in  baking  powders,  an  extraction 
with  dilute  3%  nitric  acid  is  necessary.  It  is  advisable  to  dissolve  a  5-  to  10-gram 
sample  and  take  an  aliquot  part  of  the  solution  m^ade  up  to  a  definite  volume. 
Before  precipitating  with  ammonium  phosphomolybdate,  5  grams  of  ammonium 
mtrate  should  be  added  for  each  gram  of  the  sample  taken  for  analysis  and  the 
solution  boiled  to  oxidize  compounds  of  phosphorus  to  the  orthophosphate 
fonn. 

Precipitation  of  Ammonium  Phosphomolybdate 

Precipiiatian  of  ammonium  phosphomolybdate  is  common  to  all  subseqtient 
^ntihods  for  determination  of  phosphoruSj  and,  as  in  case  of  preparation  and  solu- 
tion of  the  sample f  details  of  Ms  procedure  will  not  be  repeated. 

Reaetion, 

Hj>04-hl2(NH4),Mo04+21HNO,  =  (NH4)3P04l2MoO,+21NH4NO,+12HtO. 

• 

Special  Reagents  Required.  Ammonium  Molybdate,  One  hundred  grams 
rf  pure  molybdic  acid  are  thoroughly  mixed  with  400  cc.  of  cold  distilled  water 
md  80  cc.  of  strong  ammonia  (sp.gr.  0.90)  added.  When  the  solution  is  com- 
plete it  is  poured  slowly  and  with  constant  stirring  into  a  n\ixture  of  400  cc. 
i  strong  nitric  acid  (sp.gr.  1.42)  and  600  cc.  distilled  v/ater.  This  order  of 
ffocedure  should  be  followed,  as  the  nitric  acid  poured  into  the  ammonium 
K^ybdate  solution  will  cause  the  precipitation  of  a  difficultly  soluble  oxide  of 
lolybdenum  and  render  the  reagent  practically  worthless.  Fifty  milligrams 
).50  gram)  of  micrccoemic  salt,  dissolved  in  a  little  water  are  added,  the  pre- 
ipitate  agitated,  then  allowed  to  settle  for  twenty-four  hours  and  the  clear  solu- 

^  Blair  **  Chemical  Analjrsis  of  Iron." 


314  PHOSPHORUS 

tion  decanted  through  a  filter  into  a  large  reagent  bottle.  Sixty  cc.  of  the  reagei 
should  be  used  for  every  0.1  gram  of  P2O6  present  in  the  solution  analyzed. 

Potassium  Permanganate.  For  oxidation  purposes.  Two  per  cent  solutio 
filtered  free  of  dioxide  through  asbestos  is  required. 

Amount  of  Sample  Required  for  Analysis.  If  the  material  contains  ovc 
20%  PtOfi,  0.1  to  0.5-gram  sample  should  be  taken;  if  the  product  contaifl 
5  to  20%  PjOj,  1.0  to  0.5  gram  should  be  taken;  for  a  sample  containing  0. 
to  5%,  2.5  to  1-gram  sample  is  taken,  and  for  P1O5  less  than  0.5%,  a  5-gr8m  sam 
pie  is  taken. 

Precipitation.  The  free  acid  of  the  solution  is  nearly  netUralized  by  addi 
tion  of  ammonium  hydroxide.  In  analysis  of  phosphate  rock  or  materials  com 
paratively  low  in  iron,  it  is  advisable  to  add  ammonium  hydroxide  in  quantit) 
sufficient  to  cause  a  slight  pennanent  precipitate  followed  by  just  sufficient  HNO. 
to  dissolve  the  precipitate.  In  iron  and  steel  analysis  ammonium  hydroxide  tt 
added  until  the  precipitated  iron  hydroxide  dissolves  with  difficulty  and  the 
solution  becomes  a  deep  amber  color  or  cherry  red.  In  analysis  of  soluble  pho9- 
phateSj  litmus  paper  drop|)ed  into  the  solution  indicates  the  neutral  point. 
Nitric  acid  is  added  to  the  neutral  or  slightly  acid  solution,  5  cc.  of  acid  for  every 
100  cc.  of  solution.  A  volume  of  150  to  200  cc.  of  solution  is  the  proper  dilu- 
tion for  samples  taken  in  amounts  above  recommended.  To  the  warm  solu- 
tion (not  over  80°  C.)  ammonium  inolybdate  is  added^  60  cc.  of  the  reagent  being 
required  for  every  0.1  gram  of  PaOs  present.  The  solution  is  stirred,  or  shaken, 
if  in  a  flask,  until  a  cloudy  precipitate  of  anunonium  phosphomolybdate  appears. 
It  is  then  allowed  to  settle  on  the  steam  bath  at  a  temperature  of  40  to  60®  C, 
for  one  hour,  then  again  agitated  and  allowed  to  settle  in  the  cold  for  an  hour 
longer.  The  filtrate  should  be  tested  with  additional  ammonium  molybdate  for 
phosphorus.  The  yellow  precipitate  is  filtered  and  washed  with  1%  HNOa  solu- 
tion followed  by  a  \%  solution  of  KNO3,  or  NH4NOS  or  (NH^jSOi  as  the  special 
case  requires.  Filtration  through  asbestos  in  a  Gooch  crucible  is  to  be  recom- 
mended. When  a  large  number  of  determinations  are  to  be  made,  as  in  case  of 
iron  and  steel,  filter  paper  is  more  convenient. 


GRAVIMETRIC  METHODS  FOR  DETERMINATION  OF 

PHOSPHORUS 

A.  Direct  Weighing  of  the  Ammonium  Phosphomolybdate 

The  sample  being  dissolved  and  the  anxmonium  phosphomolybdate  precipitated 
according  to  directions  already  given  above,  the  supernatant  solution  is  filtertti 
tlu-ough  a  weighed  Gooch  crucible  and  washed  twice  by  decantation  witi 
dilute  nitric  acid  (19c),  the  precipitate  washed  into  the  Gooch,  followed  by  tin 
washings  with  1%  KNO3  or  NH4NO8  (neutral  solutions)  and  finally  with  watei 
The  precipitate?,  free  from  contaminating  impurities,  is  dried  for  two  hours  in  a 
oven  at  110°  C,  then  cooled  in  a  desiccator  and  weighed.  Weight  of  preeipi 
tate X 0.0165  =P,  or  X 0.03784  =  P,06. 

Note.  If  this  procedure  is  to  he  followed  it  will  be  convenient  to  take  1.65  gran 
aaniple,  if  the  phosphorus  content  will  allow.  Each  0.01  gram  of  precipitate  will  the 
equal  1%  P. 
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B.  Determination  of  Phosphorus  as  Magnesium  Pyrophosphate 

Magnesia  Mixture.  For  precipitation  of  anunonium  magnesium  phos- 
phate, 110  grams  of  magnesium  chloride  (MgClf  6HtO)  are  dissolved  in  a  small 
amount  of  water.  To  this  are  added  280  grams  of  ammonium  chloride  and 
700  cc.  of  ammonia  (sp.gr.  0.90);  the  solution  is  now  diluted  to  2000  cc.  with 
distilled  water.  The  solution  is  allowed  to  stand  several  hours  and  then  filtered 
into  a  large  bottle  with  glass  stopper.  Ten  cc.  of  the  solution  should  h€  used  for 
every  0.1  gram  PjOs  present  in  the  sample  analyzed.  As  the  reagent  becomes 
old  it  will  be  necessary  to  filter  off  the  silica  that  it  gradually  accumulates  from 
the  reagent  bottle. 

Procedure.  The  ammonium  phosphomolybdate,  obtained  as  directed  (page 
314),  is  filtered  onto  a  12 J  S.  &  S.  No.  689  filter  paper  and  washed  four  or  five  times 
with  dilute  1%  HNO».  The  precipitate  is  now  dissolved  from  the  filter  by  a  fine 
stream  of  hot  ammonium  hydroxide,  1:1,  catching  the  solution  in  the  beaker  in 
which  the  precipitation  was  made.  The  solution  and  washings  should  be  not  over 
lOO  to  150  cc.  Hydrochloric  acid  is  added  to  the  cooled  solution  to  neutralize  the 
excess  of  ammonia,  the  yeUow  precipitate,  that  forms  during  the  neutralization, 
dissolving  with  difficulty,  when  sufficient  acid  has  been  added.  To  the  cooled 
solution  cold  magnesia  mixture  is  added  drop  by  drop  (2  drops  per  second)  with 
constant  stirring.  Ten  cc.  of  the  reagent  will  precipitate  0.1  gram  PjOs.  When  the 
solution  becomes  cloudy  the  stirring  is  discontinued  and  the  precipitate  allowed 
to  settle  ten  minutes.  Ammonium  hydroxide  is  added  until  the  solution  con- 
tains about  one-fourth  its  original  volume  of  strong  ammonia  (e.g.  25  cc.  NH4OH, 
90  to  100  cc.  of  solution).  The  solution  is  stirred  during  the  addition  and  then 
alkwred  to  settle  for  at  least  two  hours.  It  is  filtered  preferably,  through  a 
Gooch  crucible  (or  through  an  ashless  filter  paper),  and  the  precipitate  washed 
with  dilute  ammonium  hydroxide,  1  : 4,  then  placed  in  a  porcelain  crucible,  a 
^ew  drops  of  saturated  solution  of  ammonium  nitrate  added  and  the  precipitate 
l^ted  over  a  low  flame  till  decomposed  (or  until  the  paper  chars).  The  lumps 
of  residue  are  broken  up  with  a  platinum  rod  and  again  ignited  over  a  Scimatico 
or  M6ker  burner,  the  heat  being  gradually  increased.  If  the  heating  is  properly 
conducted,  the  resultant  ash  will  be  white  or  light  gray,  otherwise  it  will  be 
dark.  The  addition  of  solid  ammonium  nitrate  aids  the  oxidation  in  obstinate 
caaes,  but  there  is  danger  of  slight  mechanical  loss.  The  crucible  is  cooled  in  a 
desiccator  and  the  residue  weighed  as  magnesium  pyrophosphate. 

MgJ*,07  X  0.2787  =P    and    Mg^PaOT  X  0.6379  =P,06. 

Direct  Precipitation  of  Magnesium  Ammonium  Phosphate 

In  the  absence  of  heavy  metals  whose  phosphates  are  insoluble  in  an  ammo- 
niacal  solution,  the  magnesia  mixture  may  be  added  directly  to  the  neutral  solu- 
tion containing  the  phosphate,  without  previous  precipitation  of  ammonium 
phoei^omolybdate.  The  magnesium  ammonium  phosphate  is  washed  and 
ignited  according  to  directions  given  above,  and  weighed  as  magnesium  pyro- 
phosphate. 

TTie  use  of  the  Gooch  crucible  for  the  ammonium  phosphomolybdate  and  the 
ammonium  magnesium  phosphate  precipitates  is  recommended  in  preference 
to  filter  paper,  as  the  fibers  of  the  latter  invariably  are  occluded  in  the  precipi- 
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tates,  and  produce  dark-colored  residues  of  magnesium  pyrophosphate,  which  are, 
frequently,  extremely  difficult  to  bum  white.  The  residue  on  the  asbestos  mat, 
on  the  other  hand,  is  easily  ignited  white,  and  does  not  require  repeated 
addition  of  an  oxidizing  agent,  as  is  so  often  the  case  with  precipitates  filled 
with  paper  fiber. 


VOLUMETRIC  METHODS  FOR  THE  DETERMINATION 

OF  PHOSPHORUS 

C.  Alkalimetric  Method 

The  method  is  based  on  the  acid  character  of  ammonium  phosphomolybdate, 
the  following  reaction  taking  place  with  an  alkali  hydroxide: 

2(NH4),12MoO,P04-f46NaOH+H,0 

= 2(NH4)iHP04+  (NH4)2Mo04-f  23Na,Mo04+23HA 

From  the  reaction  46  molecules  of  sodium  hydroxide  are  equivalent  to  one 
molecule  of  P2O5,  hence  1  cc.  of  a  N/10  solution  of  sodium  hydroxide  neutralises 
the  yellow  precipitate  containing  an  equivalent  of  .000309  gram  of  PiO». 

Special  Reagents 

Sodium  Hydroxide — Tenth  Normal  Solution.  For  determination  of  phos- 
phorus by  the  alkali  volumetric  method.  To  100  grams  of  the  pure  NaOH  sticks 
sufficient  water  is  added  to  just  dissolve  the  hydrate.  This  concentrated  solu- 
tion is  poured  into  a  tall  cj'linder,  the  vessel  closed  and  the  insoluble  matter  allowed 
to  settle.  The  licjuid  will  be  practically  free  of  carbonates.  A  portion  of  the  clear 
liquor  may  now  be  drawn  off  and  diluted  to  a  definite  volume  so  that  the  solu- 
tion is  slightly  stronger  than  tenth  nonnal,  as  determined  by  titration  against 
a  standard  N/IO  acid.  It  may  now  be  diluted  to  the  required  amount  as  indi- 
cated by  the  acid  titration.  Freshly  boiled  distilled  water  should  be  used  in  the 
dilutions  of  the  standard  caustic  solution.  Phenolphthalein  indicator  is  required 
in  the  titration.  The  exact  value  of  the  caustic  solution  in  terms  of  phosphontf 
may  be  ascertained  by  standardizing  the  solution  against  a  steel  sample  of  known 
phosphorus  content,  the  sample  being  dissolved  in  nitric  acid,  the  phosphorus 
precipitated  as  anmionium  j)h()sphonu)lybdate,  the  washed  precipitate  dissolved 
by  the  caustic  soluticm  and  the  excess  caustic  titrated  by  standard  nitric  acid 
according  to  the  procedure  given  later. 

Wt.  of  P  in  sam])lo  .    ^  ^  ,  ^.  ^n 

,  ^.  ,.,,. : — r- : — r. Trr   "  =  amount  of  P  per  cc.  of  NaOH. 

cc.  of  AaOli  required  to  neutniiizc  nioiybdate 

Nitric  Acid — Tenth  Normal  Solution,  The  acid  is  standardized  against 
the  caustic  solution  and  should  l)e  of  such  'strength  that  1  cc.  of  HNO»  is  equal 
to  1  cc.  of  XaOir.  l^hcnolphthalein  indicator  is  used.  Approximately  6.7  cc. 
of  9o%  HXOa  diluted  to  1000  cc.  =N/10  HNO3  solution. 

Nitric  Acid  for  Washing  Precipitates.  One  per  cent  solution,  14  cc.  HNOi 
(sp.gr.  1 .42)  per  liter  of  water. 

Acid  Ammonium  Sulphate  for  Washing  Precipitates.  Fifteen  cc.  strong 
NH4OH+25  cone.  II2SO4  in  1000  cc.  solution. 
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PoioMium  Nitrate  for  Washing  Precipitates.  Used  in  volumetric  analysis 
only.  Ten  grams  of  KXOs  per  liter  of  solution.  Test,  to  be  sure  the  solution 
is  neutral. 

Other  reagents  required:  NH4OH  (sp.gr.  0.90);  HjSO*  (sp.gr.  1.84);  HNO, 
(sp.gr.  1.42);    NasStOa  solution,  2%;    amalgamated  zinc. 

Special  Apparatus  Required 

Jones'  Redoctor.  Details  of  the  reductor  are  given  under  the  determination 
of  iron  by  the  permanganate  method,  also  under  the  Volumetric  Determination 
of  Molybdenum,  pages  220  and  281. 

Procedure.  The  ammonium  phosphomolybdatc,  obtained  according  to  direc- 
tions already  given  on  page  313,  is  filtered  into  a  Gooch  crucible  containing 
asbestos,  and  washed  once  or  twice  with  water  containing  1%  nitric  acid,  and  then 
several  times  with  a  1%  neutral  solution  of  potassium  nitrate  until  the  washings 
are  free  of  acid,  as  indicated  by  testing  with  litmus  paper.  The  asbestos  mat  con- 
taining the  precipitate  is  transferred  to  a  No.  4  beaker,  100  cc.  of  CO2  free  water 
added,  followed  by  about  20  cc.  of  N/10  NaOH  measured  from  a  burette.  The 
crucible  is  rinsed  out  with  5  to  10  cc.  of  N/10  NaOH,  the  exact  amount  being 
noted  and  then  i^ath  water,  adding  the  rinsings  to  the  main  solution.  Phenol- 
phthalein  indicator  is  added,  and  the  excess  of  caustic  titrated  with  N/10  HNOi. 
The  total  NaOH  added  minus  the  acid  titration  equals  the  cc.  of  the  caustic 
equired  to  react  with  the  yellow  precipitate. 

One  cc.  N/10  NaOH  =0.000136  gram  P    and     =0.000309  gram  PjO». 

The  exact  factor  should  be  determined  as  directed  under  Reagents. 

D.  Zinc  Reduction  and  Titration  with  Potassium  Permanganate 

This  method  is  based  on  the  assumption  that  ammonium  phosphomolybdatc, 
(XH«)3l2MoO»P04,  is  reduced,  in  acid  solution,  by  zinc,  the  molybdic  acid,  M0O3, 
forming  the  lower  oxide  MoiOs,  in  which  form  it  reacts  with  ferric  iron  in  the 
receiving  flask,  reducing  a  corresponding  equivalent  of  ferric  salt  to  ferrous 
condition,  being  itself  oxidized  to  MoOs.*  When  the  ferric  solution  is  not  placed 
in  the  receiving  flask  a  slight  oxidation  takes  place,  the  oxide  Mot40s7,  apparently 
being  formed.' 

Potassium  Perrrmnganate  Decinormal  Solution.  For  volumetric  determina- 
tion of  phosphorus,  reduction  method,  3.161  grams  of  the  pure  salt  per  liter  is 
the  theoretical  amount  required  for  a  tenth-normal  solution.  It  is  necessary, 
bc^wever,  to  standardize  the  permanganate  solution  against  a  tenth-normal 
sodium  oxalate  solution.  The  exact  value  of  the  permanganate  solution  may  be 
accurately  and  rapidly  determined  in  terms  of  phosphorus  by  standardizing  against 
a  sample  of  standard  steel  containing  a  known  amount  of  phosphorus,  the 
ultimate  standard  being  steel  drillings  furnished  by  the  U.S.  Bureau  of  Standards. 
The  drillings  are  dissolved  in  nitric  acid,  oxidized  with  KMnOi,  the  excess  of  the 
reagent  being  destroyed  by  thiosulphate  solution.  Ammonia  is  added  until  the 
solution  becomes  a  deep  amber  color.  The  phosphorus  is  precipitated  as 
ammonium   phoephomolybdate.    The  following  procedure  is  the  same   as   is 

» D.  L.  Randall,  Am.  Jour.  Sci.  (4),  24,  315. 
•Blair,  "Chemical  Analysis  of  Iron,"  7th  Ed.,  p.  96. 
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given  in  the  volumetric  method  following:  The  permanganate  titration  of  the 

reduced  molybdic  acid  divided  into  the  amount  of  phosphorus  known  to  be 

present  in  the  solution  will  give  the  value  of  the  pennanganate  in  terms  of 

phosphorus. 

Wt.  of  P  in  sample  ^    ^^  i-  T^n^ir  /% 

— ^^^,  ^ r-— :  =  amount  of  P  per  cc.  of  KMn04. 

cc.  KMn04  required 

Procedure.  The  ammonium  phosphomolybdate,  obtained  by  the  procedure 
given  on  page  313,  is  filtered  onto  an  asbestos  mat  in  a  Gooch  crucible  ot  onto 
filter  paper  J  and  washed  with  dilute  HNOj  followed  by  acid  ammonium  sulphate 
(15  cc.  NH4OH,  sp.gr.  0.90+25  cc.  cone.  HjSO*,  sp.gr.  1.84+1000  cc.  H,0),  until 
2  or  3  cc.  of  the  wash  water  gives  no  reaction  for  molybdenum  with  a  drop  of 
ammonium  sulphide  solution.     Five  or  six  washings  should  suffice. 

Reduction.  The  precipitate  is  dissolved  by  adding  about  10  cc.  ammonium 
hydroxide,  sp.gr.  0.96,  to  the  precipitate,  catching  the  solution  in  the  beaker  or 
flask  in  which  the  precipitation  was  made.  About  10  cc.  of  strong  sulphuric 
acid  is  added  to  this  solution  after  diluting  to  about  100  cc.  The  Jones  reductor 
is  prepared  as  described  for  determination  of  molybdenum  by  reduction,  page  281. 
The  receiving  flask  is  charged  with  about  25  cc.  of  ferric  alum  (100  grams  per  liter) 
and  4  cc.  syrupy  phosphoric  acid.  In  iron  and  steel  analysis  this  mixture  is  omitted. 
One  hundred  cc.  of  hot  water  followed  by  100  cc.  of  hot  dilute  sulphuric  acid 
(2.50%)  are  passed  through  the  column  of  zinc  in  the  reductor  (previously  cleaned 
by  passing  hot  dilute  H2SO4  through  it).  The  phosphomolybdic  solution  is  now 
poured  through  the  reductor,  followed  by  100  cc.  2%  sulphuric  acid  and  100  cc. 
hot  water.  The  solution  as  it  is  reduced  becomes  green,  but  upon  coming  in  con- 
tact with  the  ferric  solution  produces  a  bright  red  color.  In  absence  of  ferric  solu- 
tion in  the  receiver  the  reduced  solution  appears  green  and  should  remain  clear. 
The  hot  solution  is  titrated  immediately  with  N/10  KMnO*. 

Titration.  The  reduced  solution  is  fX)ured  into  a  No.  6  beaker  and  N/IO 
KMn04  added  from  a  burette,  until  a  faint  permanent  pink  color  is  produced. 
During  the  titration,  the  solution  changes  in  color  to  a  brown,  8  pinkish  yellow 
and  finally  to  pink. 

Titration  of  reduced  ferric  solution,  1  cc.  N/10  KMnOi  =0.000862  P. 

Titration  in  absence  of  ferric  mlphate,  1  cc.  N/10  KMnOi  =0.000887  P. 

Calculation.  Case  1 .  Ferric  sulphate  in  the  receiver  (6M01O1+ 180  =  12MoOi 
in  the  molecule  containing  1  P);  18  O  are  equivalent  to  36  H,  hence  N/10  P 
according  to  this  reaction  equals  at.wt.  P  divided  by  (36X1000)  =P  for  1  cc. 
N/10  KMn04  =0.000862  g.  P. 

Case  2.  No  ferric  salt  in  receiver.  Mo240j7+35  0=24MoOi+2P. 
(35  0=70  II).  Dividing  by  2  we  get  at.wt.  P  divided  by  (35X1000)=?  for 
1  cc.  N/10  KMnO*  =0.000887. 
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Report  of  the  Committee  on  Research  and  Analytical  Methods — 

Phosphate  Rock  ^ 

The  following  tentative  standard  methods  for  sampling  and  determinati<Hi  of 
moisture,  phosphoric  acid  and  iron  and  alumina  in  phosphate  rock  are  recommended 
to  the  Division. 

Methods  of  Samplmg  and  Determination  of  Moisture 

L  Gross  Sample.    A.  Car  Shipments.    One  hundred  pounds  sample  per  car. 

1.  Sampling  from  the  Car.  In  sampling  car  shipments  in  the  car  at  least  ten 
eooopehovelsful,  aggregating  100  lbs.,  shall  be  taken  from  each  car  at  approximately 
equal  distances  from  each  other  so  as  to  average  the  car.  Care  shall  be  taken  to 
jee  that  each  scoopful  shall  cover  the  entire  face  of  the  pile  from  floor  to  top. 

2.  Sampling  from  the  Cart  or  Barrow.  A  small  hand  scoopful  of  1  to  2  lbs.  shall 
be  taken  from  each  cart  or  barrow  either  as  it  is  being  loaded  or  as  it  leaves  the  car. 

B.  Cargo  Shipments.    One  hundred  pounds  minimum  sample  per  vessel. 

1.  Sampling  in  Hoisting  Tvb.  In  sampling  cargoes  generall^r  running  from  1000 
tons  upward  a  small  band  scoopful  shall  be  taken  from  approximately  every  tenth 
tub  betoie  it  is  hoisted  from  the  nold. 

2.  Stxmpling  from  Conveyor.  If  unloading  is  being  done  with  automatic  bucket 
and  conveyor,  periodical  sections  of  the  entire  discharge  of  the  conveyor  shall  be  taken 
of  such  intervals  and  quantity  as  to  give  a  sample  equivalent  to  approximately  1  lb. 
per  each  10  tons  of  cargo. 

3.  Sampling  from  Conveying  Vehicle.  Samples  shall  be  taken  with  a  hand  scoop 
from  various  cars  at  such  regular  intervals  and  in  such  quantities  as  to  give  approx- 
imately 1  lb.  for  each  10  tons  of  cargo. 

n.  Laboratory  Sample.  The  resulting  gross  sample  obtained  by  any  one  of  the 
methods  outlined  shall  be  crushed  to  pass  a  four-mesh  screen,  thoroughly  mixed  on  a 
dean,  hard  surface  and  quartered  down  to  a  10-lb.  average  sample. 

A.  Crushing,  This  10-lb.  sample  shall  all  be  crushed  to  pass  an  eight-mesh 
screen. 

B.  Mixing  and  Quartering.  This  eight-mesh  sample  shall  be  carefully  mixed 
and  quartered  down  to  two  2-lb.  samples. 

C.  Grinding.  1.  Moisture  Sample.  One  of  these  2-lb.  samples  shall  be  held  in  an 
air-tight  contamer.    This  sample  is  to  be  used  for  the  determination  of  moisture. 

2.  Analytical  Sample.  The  other  2-lb.  sample  shall  be  further  mixed  and  quartered 
down  to  a  2-  or  4-oz.  sample  which  is  then  to  be  ground  to  pass  a  sixty-mesh  screen 
or  preferably  a  sixty-five  mesh  screen.  This  sample  is  to  be  used  for  the  analytical 
determination. 

XoTE.  It  is  essential  that  the  taking  of  the  gross  sample  be  done  with  small 
hand  scoops  and  that  the  practice  of  taking  the  sample  in  the  hand  be  absolutely 
prohibited,  for  it  has  been  fotmd  that  there  is  considerable  selective  action  in  the 
finer  materials  sifting  through  the  fingers  while  a  scoop  retains  the  entire  sample. 

The  dimensions  of  the  screens  referred  to  above  are  to  be  as  follows: 

XI-.   ^1  Tut^^u  Siae  of  Opening  Diameter  of  Wire 

No.  of  Mesh  I^g^^  I^^ljgg 

4  0.185  0.065 

8  0.093  0.032 

65  0.0082  0.0072 

nL  Detenttiiiation  of  Moisture.  Moisture  is  to  be  determined  on  both  the 
moisture  sample  and  analytical  sample.  Of  the  moisture  sample  not  less  than  100 
^rams  are  to  be  weighed  out  for  each  determination.  Of  the  analytical  sample  approx- 
imaiely  2  grams  are  to  be  weighed  out  for  each  determination.  Both  are  to  be  dried 
to  constant  weight  at  a  temperature  of  105**  C.  in  a  well-ventilated  oven,  preferably 
with  a  current  of  dry  air  passing  through  the  oven.  The  containers  in  which  moist- 
ure is  determined  snould  be  provided  with  well-fitting  covers  so  that  the  samples 
may  be  cooled  and  weighed  in  the  well-covered  container. 

^  Journ.  Ind.  and  Eng.  Chem. 
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IV.  Calculation  of  Results.  The  ticrcentageH  of  phosphoric  acid  a 
aluiuina  as  determined  on  the  analytical  sample  are  to  be  calculal^  b 
free  basis  and  subsequently  to  the  basis  uf  the  original  sample  as  shown  b 
UTQ  content  of  the  moisture  sam]>lc. 

Detenninatian  of  Phosphoric  Add 

ReagenU.    To  be  prepared  as  in  Official  Methods,  A.  O.  A.  C. 
Bulletin  107  (Rev.),  1910,  p.  2.    Preparation  of  reagenla  W,  (d),  (t) 
that  the  animoniutn  nitrate  solution  in  {d)  is  changed  to  5%  instead 

Method  of  tiolulimi.  To  5  grams  of  the  sample  add  30  .  _.  ... 
acid  (sp.gr.  1.20)  and  10  cc.  of  cone,  nitric  acid  (sp.gr.  1.42)  &nd 
eyrupy  consistency.  The  residue,  which  should  bo  nearly  sohd  after 
up  with  5  cc.  of  cone,  nitric  acid  and  SO  cc.  of  water.  Heat  to  bt" 
and  make  up  to  500  cc.  through  the  filter.  This  nrocedure  eltroi 
all  of  the  silica  and  it  is  necessary  to  filter  as  quictiy  as  possible 
as  to  avoid  redissolving  the  silica. 

Dclnminalioit.     Draw  off  an  aliquot  portion  of  50    . ., _^ 

neutralise  with  ammonia,  then  add  nitric  acid  until  the  solution 
15  eranis  of  ammoniuni  nitrate  (free  from  phosphates),  heat 
and  add  150  cc.  of  moiybdate  solution.     Digest  at  50'^  C.  f 
frequent  stirring.    Fitter  off  tho  supernatant  liquid  and  test 
date  solution  to  see  if  precipitation  oas  been  complete,     (if 
to  the  filtrate  and  digest  for  fifteen  minutes  longer.)    Wash 
nitrate  solution  by  decantation,  retaining  as  much  of  the  pi .  ..^. 
beaker,     □iaaolve  the  precipitate  in  the  beaker  in  tho  least  noMi 

nium  hydroxide  (sp.gr.  0.94)>  and  dilute  this  solution  with  ue^ 

of  hot  water.     Dissolve  the  remainder  of  the  precipitAte  on  thtt  ilN 
tion,  washing  beaker  and  filter  with  hot  water  and  xeepinx  thff  valif 
between  75  and  100  ce.    Neutralixe  with  hydroehloric  Bow,  Pool  • 
tiiie  and  add  25  cf..  of  magnesia  mixture  from  a  burettti,  (tn>|< 
vigorously  with  a  rubber-tipiiod  rod,  then  add  15  re,  at  ammow'^-' 
0.90)  and  allow  to  stand  fur  foMj^Duni  or  t>mmi{^t  at  ruoin  l»ni ' 
of  standing  may  be  rech»»di|^H^ure  if  kqit  in  a  rvtrijEarnio: 
ice-water  batli.     Filter  t^^^^^^wtiniirii  or  iKirrclain  Coin  li 
a  platinum  or  aebesttiO^^^^^Hp'  tnudo  uiiil  Ignited  In  r  >> 
with  2.5%  ammoaara^^^^^^^Etil  pnurtiuUIv  frpii  ftnoi 
cool  and  vtiA  aB^^^^^^^HmuMfihnUt.    if  de^rwl.  ' 
through  an  nmMg^^^^^^'^KInic  u>  tlis  usual  maun- 
multijilyiiiK  ■ 


correct  result  by  thi? 

"tyof  HCl  tdiliiled), 

iling,  adding  10  cc. 


ction  of  the  analytic&l  or 

J,  cte.,  are  eoiiuerued,  willi  theexreplion 

duuliins  on  Ihi   Ixum      One  i-nd  or 

spale  beam    and  the  other  end  from 

I  vertical  e;raduat«d  ncale      As  thui 

'  I     11  IS  taken  from  the  beam  and  htnes 

t        I    r      upport  for  holIinK  the  inaetive 

reii  t  (treilcr  pr  purtion  ot  the  wtipht  of  the 

iia  of  this  cnnin  and  vernier  device   after  a 

ji   !l  (crams  are  placed  on  the  pan    (he  tveiKhiogl 

an   cin  ho  concUidMl  without  0{iening  the  balaiM, 

C  ncifssily  of  reading  and  rejilacmg  all  small  neighl 

iient  enormous  saving  of  time.    The  editor  hai< 

LT  and  hna  found  it  highly  satjafiirinr; 
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is  suitable),  in  a  3-in.  rapid  filtering  funnel,  keeping  the  contenta  of  the  beaker  and  fun- 
nel hot.^  Wash  three  times  with  hot  5%  ammonium  nitrate  solution,  each  time  cut- 
ting the  precipitate  loose  from  the  filter  and  stirring  it  thoroughly  with  the  stream 
from  the  wash  bottle  and  filling  to  within  about  i  in.  of  its  upper  edge.  About  30  cc. 
are  required  for  each  washing.  Return  the  precipitate  to  the  precipitating  beaker 
by  washing  it  out  of  the  filter  with  a  stream  of  hot  water.  Dissolve  the  precipitate 
with  dilute  HCl  (1  :  6),  pouring  about  50  cc.  through  the  filter  in  successive  washings 
and  using  about  25  cc.  to  wash  down  inside  the  beaker.  Finish  filter  paper  wiUi 
distilled  water. 

IV.  Second  Precipitation  with  Ammonium  Acetate.  Cool  the  solution  to  room 
temperature,  add  50  cc.  saturated  ammonium  chloride  solution,  4  cc.  of  10%  ammo- 
nium phospnate  solution,  2  drops  of  methyl  oran^,  and  adjust  acidity  as  beTore. 
Dilute  to  300  cc.  with  distilled  water.  Heat  to  boilmg,  add  15  cc.  of  25%  ammonium 
acetate  solution  and  continue  heatine  for  about  five  minutes.  Filter  on  the  same  paper 
as  used  for  the  first  filtration,  scrubbing  the  inside  of  the  beaker  with  a  rubber-tipped 
stirring  rod  and  rinsing  with  hot  5%  ammonium  nitrate  solution.  Wash  the  pre- 
cipitate ten  times  with  hot  5%  ammonium  nitrate  solution,  each  time  cutting  the 
precii)itate  loose,  stirring  it  thoroughly  as  before  and  breaking  up  all  lumps  that  it  may 
contain.    About  300  cc.  of  wash  solution  are  required. 

As  a  precautionary  measure,  boil  the  filtrate  and  washings  from  both  the  first 
and  second  precipitates,  and  recover  any  additional  precipitate. 

V.  Ignition  of  Precipitate.  Transfer  filter  with  precipitate  to  a  weighed  deep- 
form  porcelain  crucible  (40  mm.  in  diameter  is  a  good  size)  and  heat  gently  over  a  low 
flame  until  the  contents  are  dry,  increase  the  temperature  a  little  and  contmue  heating 
until  the  paper  is  charred,  increase  the  temperature  again  and  continue  heating  untu 
the  paper  is  entirely  burned.  Ignite  the  uncovered  *  porcelain  crucible  for  one-hour 
periods  over  blast  lamp  No.  4  M^ker  burner  to  constant  weight,  each  time  cooling  to 
room  temperature  in  desiccator  before  weighing.  Deduct  the  weight  of  blank  from 
each  determination,  and  after  subtracting  the  weight  of  FePOi  equivalent  to  the 
amount  of  iron  found  in  0.5  gram  of  rock  by  titration,  calculate  the  remainder  to 
AI2O,.    AlPO4X0.4184  =  Alt()s. 

Determination  of  Iron 

1.  Solutions  Required.  1.  Standard  Potassium  Permanganalef  N/40,  contain- 
ing 0.79015  gram  of  KMnOi  per  liter,  and  having  a  value  of  0.001996  (or  practically 
0.002)  gram  of  Fe^Oa  per  cc.  8t4indardize  with  pure  sodium  oxalate  (Bureau  of 
Standards  standard  sample  No.  40.) 

2.  Slarifwus  Chloride.  Dissolve  50  grams  of  the  cr>'stallized  salt  in  100  cc.  of 
hot  cone.  HCl  and  make  up  to  1  liter  with  distilled  water. 

3.  Mercuric  Chloride.    Prepare  a  cold  saturated  solution. 

4.  Manganese  Solution.  (Preventive  solution):  (a)  Dissolve  200  grams  of  crys- 
tallized manganese  sulphate  in  1000  cc.  of  water,  (b)  Pour  slowly,  with  constant 
stirring,  400  cc.  of  cone,  sulphuric  acid  into  600  cc.  of  water  and  add  1000  cc.  of  phofl- 
phoric  acid  of  1.3  sn.gr.     Mix  solutions  (a)  and  (6). 

II.  Analytical  Procedure.  Determine  iron  according  to  Jones*  and  Jeffrey's 
modification  of  the  Zmmiermann-Reinhardt  method  *  as  follows:  Place  in  a  250^' 
beaker  an  aliquot  of  the  rock  solution,  containing  not  more  than  5  cc.  of  cone. 
HCl,  boil  and  reduce  with  the  smallest  possible  excess  of  stannous  chloride,  added 
drop  by  drop  while  agitating  the  solution.  Wash  sides  of  beaker  with  distilled 
water  and  cool  rapidly.  Add  10  cc.  of  mercuric  chloride  solution  and  stir  vigo^ 
ously  for  about  thirty  seconds.*  Pour  the  mixture  into  a  large  porcelain  casserofe 
or  dish  containing  20  oc.  of  the  manganese  solution  in  about  500  cc,  of  water  which 
has  just  been  tinted  with  the  j)ermanganate  solution. 

^  The  contents  of  the  funnel  will  remain  hot  if  the  solution  in  the  beaker  is  kepi 
hot  over  a  low  flame  and  filtration  is  fairly  rapid. 

2  Heat  over  Hunson  to  redness  before  placing  over  blast  in  order  to  prevent  kM 
of  precipitate  bv  blowing  out  of  crucible. 

'  Analyst,  34  (1909),  30(>. 

*  Barnehy  has  shown  that  only  a  short  interval  of  time  is  necessary  between  the 
addition  of  mercuric  chloride  and  manganese  sulphate,  if  the  solution  is  thoroughly 
agitated.     J.  Am.  Chem.  Soc,  36  (1914). 
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te  with  N/40  permanganate  solution,  to  original  tint  and  collect  result  by  the 

oe  of  KMnOi  required  for  a  blank  cuntaJDing  the  same  quantity  of  HCl  (diluted), 

ig  2  or  3  drops  of  stannous  chloride  to  the  hot  solution,  cooling,  adding  10  cc. 

^rcuric  chloride  and  titrating  similarly. 

'ben  the  rock  solution  contains  carbonaceous  matter 

le  this  with  a  little  polaasium  chlorate,  evaporate  to  dryn 

ediaaolve  with  5  cc.  cone.  HCl  and  about  10  cc.  of  water. 

alculate  the  FeiOj  found  to  FePO,,  using  the  factor  l.S___, 

the  wei|^t  of  combined  phosphates  tound,  caJculate  the  difierence  CAIPOJ 


i,  and  after  deducting 


Fia,  650. — Chriatian  Becker  Chainomab'c  Balance. 

lie  ehaui  balance  shown  in  Fig.  55a  is  of  tlie  usual  construction  of  the  analytical  or 
vtoiy  balances  as  faras  knife  ^ges,  bearitiga,  etc.,  arc  concerned,  with  the  exception 
there  is  no  rider  and  consequently  no  graduations  on  the  Iteam.  One  end  of 
S  chain  is  hung  from  an  arm  of  the  scale  Iteam,  and  the  other  end  from 
i  which  is  mowed  up  and  down  on  a  vertical  graduated  scale.  As  this 
.  ■  msed,  more  of  the  weight  of  the  chain  is  taken  from  the  beam  and  hangs 
the  aUde-block  which  forms  a  stationary  support  for  holding  the  inactive  part 
t  chain.  As  the  shde  is  lowered  a  greater  proportion  of  the  weight  of  the  chain 
nrfened  to  the  beam.  By  mpnns  of  this  chain  and  vernier  device,  after  all  the 
wry  large  weights  up  to  50  milligrams  are  placed  on  the  pan,  the  weighing  from 
llHgnuns  to  ]'>  of  a  milligram  can  lie  concluded  without  opening  the  ualance  or 
the  arrest,  eliminating  the  necessity  of  reading  and  replacmg  all  small  weights  or 
uMlliiigaf  a  rider,  with  a  consequent  enormous  saving  of  time.  The  editor  hotiuscd 
eeker  rhainomatie  balance  for  over  a  year  and  has  found  it  highly  satisfactory. 


PLATINUM 

R.  £.  Hickman^ 
Btt  at. wt.  195.2;  8p.gr.  21.43;  m.p.  1755'' C;  oxide«  PtO,  PtOt 

DETECTION 

Platinum  is  a  gray,  lustrous,  soft  and  malleable  metal.  It  is  not  altered  by 
ignition  in  the  air,  but  fuses  in  the  oxy-hydrogen  flame.  It  does  not  dissolve  in 
any  of  the  single  acids,  but  a  fusion  with  acid  potassium  sulphate  attacks  the  metal 
slowly.  The  action  of  chlorine  in  general,  and  nitro-hydrochloric  acid  (aqoi 
regia),  the  main  solvent,  converts  the  metal  to  hydrochlorplatinic  acid,  HtPtCli, 
which  forms  many  double  salts,  or  platinochlorides.  If  platinic  chloride  is  gentlj 
heated  it  breaks  up  into  platinous  chloride,  PtCU,  and  chlorine. 

If,  however,  the  platinum  is  alloyed  with  silver,  it  dissolves  in  nitric  acid  to  a 
yellow  liquid,  provided  sufficient  silver  is  present  in  the  alloy. 

The  oxides  can  be  formed  by  carefully  igniting  the  corresponding  hydroxides. 
These  are  very  unstable,  decomposing  into  metal  and  oxygen  by  gentle  ignitkin. 

The  chlorides  are  the  most  important  compounds  of  platinum.  '  Two  complex 
acids  are  formed  with  hydrochloric  acid  when  the  metal  is  dissolved  in  aqua 
regia. 

PtCl4+2HCl=HjPtCl«  (hydrochlorplatinic  acid),  orange-red  crystals. 
PtCl2+2HCl=HtPtCl4  (hydrochlorplatinous  acid),  only  known  in  solution. 

An  aqueous  solution  of  the  former  is  yellowish-orange,  while  an  aqueous  solutio* 
of  the  latter  is  dark  brown,  the  former  being  by  far  the  more  important.  ' 

Potassium  iodide  precipitates  platinum  iodide,  but  it  dissolves  quite  readilyip: 
giving  a  pink  to  a  dark  blood-red  liquid,  depending  on  the  concentration  of  thr 
solution.  Nitric  acid  should  be  absent.  Heat  destroys  this  color,  as  weU  I9^ 
hydrogen  sulphide,  sodium  thiosulphate  and  sulphite,  sulphurous  acid,  mercoW 
chloride  and  certain  other  reagents. 

Hydrogen  sulphide  precipitates  black  platinum  disulphide,  PtSs,  with 
other  elements  of  the  hydrogen  sulphide  group.    The  solution  should  be 
as  precipitation  takes  place  more  quickly.    It  is  difficultly  soluble  in  ammoi 
sulphide.    It  will  be  found  in  the  extract  with  the  arsenic,  antimony,  tin, 
molybdenum,  etc.,  and  is  precipitated  with  these  elements  upon  addition  of  h; 
chloric  acid.    Platinum  sulphide  is  soluble  in  aqua  regia. 

Ammonium  chloride  added  to  a  concentrated  solution  of  platinum  chloii 
precipitates  yellow  (NH4)2PtCU,  which  is  slightly  soluble  in  water,  but  insol 
in  dilute  ammonium  chloride  solution  and  alcohol. 

Potassium  chloride  precipitates  yellow  KiPtCU,  which  is  difficultly  solufak 
in  water,  but  insoluble  in  75%  alcohol. 

^  Chief  Chemist,  J.  Bishop  &  Co.  Platinum  Works. 
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Ferrous  sulphate  precipitates  metallic  platinum  on  boiling  from  a  neutral 
solution.  Neutralize  with  NajCOs.  Free  mineral  acids  prevent  the  precipita- 
tion (difference  from  gold). 

Stannous  chloride  does  not  reduce  platinum  chloride  to  metal,  but  reduces 
hydrochlorplatinic  acid  to  hydrochlorplatinous  acid. 

H,PtCU+SnCl,  =H,PtCl4+SnCl4. 

Oxalic  acid  does  not  precipitate  platinum  (difference  from  gold). 

Sodium  hydroxide  with  glycerine  reduces  hydrochlorplatinic  acid  on  warm- 
ing to  black  metallic  powder. 

Formic  acid  precipitates  from  neutral  boiling  solutions  all  the  platinum  as 
a  black  metallic  powder. 

Thallium  protoxide  precipitates  from  the  platinum  bichloride  solution  a  pale 
yellow  salt,  thallium  platinochloride.  Wlien  the  salt  is  heated  to  redness  it 
leaves  an  alloy  of  thallium  and  platinum. 

Rubidium,  caesium  and  thallium  chlorides  yield  similar  insoluble  salts 
with  platinum  chloride. 

Sodium  hydroxide  added  to  platinic  chloride  and  then  supersaturating  with 
acetic  acid  produces  a  reddish-brown  precipitate  of  platinic  hydroxide  Pt(0H)4. 
This  dissolves  in  acids  readily,  except  acetic  acid. 

Metallic  zinc,  magnesium,  iron,  aluminum  and  copper  are  the  most 
important  metals  that  precipitate  metallic  platinum, 

H,PtCU-f  3Zn  =3ZnCl,+Ht-f  Pt. 

ESTIMATION 

Platinum  may  be  present  under  the  following  conditions: 

1.  Native  grains  usually  accompanied  by  the  other  so-called  platinum  metals, 
indium,  palladium,  ruthenium,  rhodium,  osmium,  and  gold  and  silver  (alloyed 
with  one  or  more  of  the  allied  metals). 

Ore  concentrates  containing  the  native  grains  as  above  with  the  base  metals, 
■on,  copper,  chromium,  titanium,  etc.  The  associated  minerals  high  in  specihc 
gravity  in  the  gravels  may  be  expected  to  appear  with  the  platinum  nuggets, 
nch  as  chromite,  magnetite,  garnet,  zircon,  rutile,  small  diamonds,  topaz,  quartz, 
eaasiterite,  pyrite,  epidote,  and  serpentine;  with  gold  in  syenite;  ores  of  lead  and 
ahrer. 

2.  Scrap  platinum  containing,  oftentimes,  palladium,  iridium,  gold,   silver 
>^  sad  iron. 

[  3.  Small  amounts  of  platinum  in  the  presence  of  large  amounts  of  iron, 
dfea,  carbon,  magnesia:  platinum  residues,  nickel  and  platinum  contacts, 
pbotography  paper,  jewelers'  filings  and  trimmings,  dental  and  jewelers'  sweeps 
and  asbestos,  etc. 

4.  Platinum  alloyed  with  silver,  gold,  tungsten,  nickel,  copper,  lead,  etc. 

5.  Platinum  solutions  and  salts. 

Preparation  and  Solution  of  the  Sample 

The  best  solvent  for  platinum  is  aqua  regia.  The  metal  is  also  acted  upon  by 
fusion  with  the  fixed  alkalies — sodium  or  potassium  hydroxide  and  sodium  per- 
oxide or  potassium  or  sodium  nitrate;  also  by  fusion  with  acid  potassium  sul- 
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phate.  Platinum  alloys  when  highly  heated  with  other  metals,  as  lead,  tin,  bis- 
muth, antimony,  silver,  gold,  copper,  etc.  The  element  dissolves  in  nitric  acid 
when  alloyed  with  silver.  This  gives  a  method  for  the  determination  of  gold 
in  the  presence  of  silver  and  platinum  alloy. 

All  salts  of  platinum  are  soluble  in  water.  The  less  soluble  salts  are  the  chloro- 
platinates  of  potassium,  ammonium,  rubidium,  and  caesium.  Heat  increases 
the  solubility  while  the  presence  of  alcohol  decreases  the  solubility. 

Ores.  When  the  free  grains  of  platinum,  gold  and  osmiridium  are  desired 
the  following  method  is  recommended:  Five  to  10  grams  of  the  ore  are  taken 
from  a  well-mixed  pulverized  sample  and  placed  in  a  large  platinum  dish  that  has 
been  weighed.  Twenty-five  to  50  cc.  of  strong  hydrofluoric  acid  together  with 
5  to  10  cc.  of  concentrated  sulphuric  acid  is  mixed  with  the  ore  in  the  dish  and 
evaporated  on  the  water  bath,  when  SiF4  and  the  excess  of  HF  are  expelled. 
The  material  is  gently  heated  until  S0»  fumes  are  given  off.  This  is  repeated 
with  HF  if  necessary.  The  material  is  washed  into  a  casserole  with  about  200  cc. 
of  hot  water  and  digested  over  a  water  bath  for  fifteen  or  twenty  minutes,  and  is 
then  washed  by  decantation,  several  times  pouring  the  supernatant  liquor  through 
a  filter  to  save  any  floating  material  that  might  be  washed  out.  The  filter  is 
cautiously  burned  and  the  residue  is  added  to  the  unattacked  material.  This  is 
transferred  from  the  dLsh  to  a  beaker  or  a  porcelain  dish  and  treated  with  aqua 
regia.  The  platinum  and  a  small  amount  of  iridium  that  dissolves  with  the 
platinum  on  account  of  its  being  alloyed  can  be  precipitated  with  ammonium 
chloride.  The  remaining  residue  in  the  dish  will  be  a  small  amount  of  sand  and 
osmiridium.  The  silica  is  driven  off  with  HF  as  described  above  and  the  bright 
grains  weighed  as  osmiridium,  or  the  sand  and  osmiridium  are  run  down  in  a 
scorifier  \\'ith  lead,  and  the  lead  dissolved  in  dilute  nitric  acid,  leaving  the  osmirid- 
ium grains  free  from  sand. 

Platinum  Scrap.  One-half  gram  to  a  gram  is  dissolved  in  aqua  r^ia  and 
evaporated  with  H(.'l  to  get  rid  of  the  HNO3. 

If  the  platinum  is  alloyed  with  a  large  amount  of  copper,  silver,  lead  and 
other  impurities,  a  sample  of  1  to  5  grams  is  dissolved  in  15  to  25  cc.  of  HNOi, 
whereby  the  copper,  silver,  lead  and  other  impurities  alloyed  with  the  platinum 
as  well  as  a  large  amount  of  platinum  "will  dissolve.  The  residue  after  washing 
will  be  platinum  and  gold.  These  are  dissolved  in  aqua  regia  as  described  above 
and  the  platinum  precipitated  with  ammonium  chloride.  The  platinum  is 
recovered  from  the  nitric  acid  solution  and  added  to  the  aqua  regia  solution  and 
the  whole  is  evaporated  to  get  rid  of  the  HNO3. 

Small  Amounts  of  Platintmi  in  the  Presence  of  Large  Amounts  of  Iron; 
Iron  Scale,  FejOa;  Sulphate  of  Iron,  Magnesia,  Sulphate  of  Mai^esit, 
Silica,  etc.  The  material  is  carefully  weighed  and  the  coarse  scales  are  sepa- 
rated from  the  finer  matx^rial  containing  the  platinum  by  passing  the  fines  through 
a  20-in.  niosh  or  finer  wire  sieve.  The  coarse  scale  seldom  contains  platinum, 
but  it  is  advisable  to  (juarter  this  down  to  1  kilogram  or  a  fairly  good-sized  sample 
and  test  for  platinum  on  a  portion  of  the  ground  sample.  This  can  be  tested 
by  a  wet  or  a  fire  assay.  The  fines  are  quartered  down  to  about  1  kilogram  and 
ground  to  pass  a  60-  to  SO-in.  mesh  sieve.  One  hundred  to  500  grams  of  the 
material  are  taken  for  analysis.  This  is  placed  in  one  or  more  casseroles,  depend- 
ing on  the  amount  taken.  Each  100-gram  portion  is  extracted  by  digestion  on 
the  steam  bath  with  about  1^00  to  400  cc.  of  10%  HjSOi.  The  iron,  magnesia,  , 
etc.,  soluble  in  H28O4  will  go  into  solution,  leaving  the  platinum  with  the  ; 
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insoluble  residue.  Filter  (a  Biichner  funnel  may  be  necessary)  and  wash  the 
residue  with  water.  Test  the  filtrate  for  platinum  and  if  any  is  present  precipi- 
tate with  zinc  as  described  below.  ' 

After  the  filter  is  ignited  in  a  large  platinum  dish,  the  residue  is  moistened 
with  HjS04,  and  HF  is  added  completely  covering  the  material.  The  solution 
is  evaporated  on  the  water  bath  until  SOj  fumes  are  given  off.  If  necessary, 
repeat  the  treatment  with  H2SO4  and  HF  until  all  the  silica  is  driven  off  as  SiF4. 
The  residue  is  transferred  to  a  casserole  and  digested  with  aqua  regia  according 
to  directions  given  under  Ores  and  Platinum  Scrap.  It  is  sometimes  very  dif- 
ficult to  precipitate  all  of  the  platinum  in  the  presence  of  a  large  amount  of 
iron,  magnesia,  etc.,  not  having  the  solution  concentrated  enough  for  the  plati- 
num. It  is  advisable  to  reduce  the  platinum  by  iron  or  zinc,  filter,  wash  with 
water  and  redissolve  the  black  m.etallic  platinum  in  aqua  regia.  The  HNOs 
is  expelled  by  evaporation  and  adding  concentrated  HCl  from  time  to  time  and 
finally  the  platinum  is  precipitated  with  ammonium  chloride. 


SEPARATIONS 

A  careful  review  of  the  paragraph  on  Detection  will  be  very  helpful  often- 
times in  making  separations  from  other  metals  and  substances. 

Separation  of  Platinum  from  Gold.  The  platinum  is  precipitated  first  with 
ammonium  chloride,  as  (NH4)fPtCl«.  After  the  precipitate  has  settled  it  is 
filtered  and  washed  free  from  gold  with  dilute  ammonium  chloride  solution  and 
alcohol.  The  gold  is  precipitated  with  a  concentrated  solution  of  ferrous  sul- 
I^iate  or  iron  protochloride  as  metallic  gold. 

Oxalic  acid  precipitates  the  gold,  leaving  the  platinum  in  solution.  The  oxalic 
acid  is  added  and  the  solution  boiled  until  the  gold  is  entirely  precipitated. 
Filter  and  wash  the  precipitate  of  metallic  gold  free  from  platinum.  The  filtrate 
is  evaporated  as  far  as  possible  without  crystallizing,  and  the  platinum  is  pre- 
cipitated with  anflnonium  chloride  as  (NH4)tPtCl«,  or  it  may  be  reduced  with 
zinc  and  the  black  dissolved  in  aqua  regia  and  treated  as  described  above. 

Sefiaration  of  Platinum  from  Iridium.  The  platinum  and  the  iridium  are 
precipitated  by  iron  or  zinc  and  the  black  residue  is  washed  free  from  impurities 
and  the  platinum  is  dissolved  in  dilute  aqua  regia  with  gentle  heating,  leaving 
the  iridium  as  metallic  iridium.  The  platinum  solution  is  evaporated  as  described 
above  and  precipitated  with  NH4CI  as  (NH4)sPtCU. 

If  the  platinum  and  iridium  are  precipitated  together,  the  salt  is  filtered  and 
washed  with  ammonium  chloride  solution  and  finally  ignited.  The  sponge  is 
redissolved  and  evaporated  as  above  to  expel  the  HNO3.  The  platinum  and  the 
iridium  are  precipitated  with  NaOH,  which  brings  down  the  platinum  and  iridium 
as  Pt(0H)4  and  Ir(0H)4.  Boil  this  mixture  with  alcohol,  which  reduces  the 
Ir(OH)4  to  Ir(0H)»,  but  does  not  affect  the  Pt(0H)4.  Dissolve  these  hydroxides 
in  HCl,  forming  PtCU  and  IrCU  in  solution,  and  the  platinum  is  precipitated  with 
NH/n  free  from  iridium. 

SefMumtion  of  Platinum  from  Palladitmi.    The  platinum  and  the  palladium 

reduced  with  zinc  and  the  black  residue  treated  with  HNOs.  The  palladium 
into  solution,  leaving  the  pktinum  as  a  black  metallic  residue. 

The  Uaek  residue  of  platinum  and  palladium  can  be  dissolved  in  aqua  regia 
and  the  solution  evaporated  with  additions  of  HCl  to  get  rid  of  the  nitric  acid. 
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The  platinum  is  precipitated  with  NH4CI  and  filtered.    The  filter  is  washed  free  f 
from  palladium. 

Separation  of  Platinum  from  Ruthenium.  From  the  chloride  of  platinum 
and  ruthenium  the  metals  are  precipitated  with  ammonium  or  potassium  chloride 
and  filtered.  The  filter  is  washed  with  dilute  ammonium  chloride  solution  or 
dilute  potassium  chloride  solution  and  alcohol  until  free  from  rutheniiun.  If 
a  large  quantity  is  handled  it  may  be  necessary  to  ignite  to  platinum  sponge  and 
dissolve  in  aqua  regia,  expel  the  HNO»  as  described  above,  and  reprecipitate 
with  NH4CI,  filter  and  wash  free  from  ruthenium. 

Separation  of  Platinum  from  Rhodium.  The  rhodium  salt,  like  the  ruthe- 
nium salt,  is  soluble  and  can  be  washed  from  the  platinum  salt,  (NH4)iPtCU,  as 
under  Separation  of  Pt  from  Ru. 

Separation  of  Platinum  from  Osmium.  Both  metals  are  reduced  with 
zinc  as  a  fine  black  powder.  The  metallic  residue  is  washed  and  carefully  ignited 
at  a  high  temperature  under  a  hood,  as  the  fumes  are  poisonous  and  disagreeable 
like  chlorine.  The  osmium  wiU  be  converted  into  OsOj  and  OsOi,  which  are  very 
volatile.  The  residue  is  dissolved  in  aqua  regia  and  the  platinum  is  precipitated 
with  NH4CI. 


GRAVIMETRIC    METHODS    FOR   THE    DETERMINATION 

OF  PLATINUM 

A.  Weighing  as  Metallic  Platinum 

1.  When  the  platinum  contains  only  a  small  amount  of  impurities  a  sample 
of  -j^  gram  or  more  is  taken  and  dissolved  in  aqua  regia.  The  solution  is  gently 
heated  until  all  is  dissolved,  adding  another  portion  of  aqua  regia  if  necessary. 
The  solution  is  evaporated,  adding  HCl  from  time  to  time  in  order  to  expel 
the  HNOj.  Filter  and  evaporate  again  to  concentrate  the  solution.  Precipi- 
tate with  ammonium  chloride.  After  stirring,  let  stand  until  the  precipitate, 
(NH4)2PtCle,  settles,  overnight  if  convenient.  Filter,  wash  with  alcohol  or 
ammonium  chloride  solution  and  alcohol,  and  ignite  to  metal,  which  will  be  in 
the  foAn  of  metallic  sponge.    Cool  in  a  desiccator  and  weigh  as  metallic  platinum. 

Wt.  of  Pt  found        ,^^  .    *  ^.  .    ,, 

X 100  =per  cent  of  Pt  m  the  material. 


Wt.  of  sample  taken 


2.  When  the  platinum  solution  contains  a  large  amount  of  impuritiesi  as 
iron,  nickel,  magnesia,  etc.,  it  is  advisable  to  reduce  the  platinum  to  black  metallic 
platinum  with  zinc,  iron  or  magnesium  as  follows:  The  solution  is  made  acid 
(2  to  5%  free  HCl)  by  adding  HCl.  The  Zn,  Fe  or  Mg  is  added  in  small  quanti- 
ties  at  a  time  until  the  solution  becomes  colorless  or  until  the  platinum  is  com- 
pletely precipitated.^  After  action  has  ceased  the  platinum  black  metal  is 
filtered  onto  an  ashless  filter  paper  and  washed  with  warm  dilute  HCl  to  remove 
any  excess  Zn,  Fc,  or  Mg  that  might  be  present.    The  filter  and  its  contents  are 

^  FeCls  in  presence  of  HCl  has  a  solvent  action  on  platinum,  hence  the  iron  should 
be  completely  reduced. 
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*  carefully  ignited  and  afterwards  dissolved  in  aqua  regia  and  treated  as  directed 

.    under  A,  1.* 

3.  If  none  of  the  other  Hydrogen  Sulphide  Group  metals  are  present  the 
platinum  can  be  precipitated  by  hydrogen  sulphide,  filtered,  washed  with  hot 
water  and  ignited  to  metal.  If  impurities  are  present  in  the  sulphide,  dissolve 
in  aqua  regia  and  proceed  as  under  A,  1 . 

B.  Weighing  as  a  Salt 

1.  The  procedure  is  the  same  as  under  A.  The  (NH^iPtCU  precipitate 
is  washed  on  a  weighed  Gooch  crucible  with  alcohol.  The  crucible  and  con- 
tents are  dried  st  a  temperature  below  100°.    Cool  in  a  desiccator  and  weigh 

I    as  (XHO.PtCU. 

I    «-      .  ,^-,r  X  T..^i  i.       J  Mol.wt.ofPt  100 

f    Wt.  of  (XHO^PtCUfoundX^,  ,     ^    .  ,xttt  x  p^^,  X.tt— 7 p 

Mol.  wt.  of  (NHOtPtCU    W  t.  of  sample 

= per  cent  of  Pt  in  material.* 

2.  After  proceeding  as  described  under  A,  the  platinum  is  precipitated  with 
potassium  chloride  as  KtPtCU.  Transfer  to  a  weighed  Gooch  crucible  and  wash 
well  with  alcohol.    Dry  below  100°,  cool  in  a  desiccator  and  weigh  as  KtPtCU. 

...^^,r       ,  Mol.wt.ofPt  100  ^     .  T.    . 

Wt.  of  KjPtCU found XtTt-^ — ,    rirmrMX^rr~^ r=%  ^^  Pt  1^  material.* 

Mol.wt.  of  KjPtCU    Wt.  of  sample 

C.  Determination  of  Platinum  by  Electro«analysis 

When  platinum  solutions  are  acidulated  with  sulphuric  acid  and  acted  upon 
by  a  feeble  current  they  give  up  the  metal  as  a  bright  deposit  upon  the  elec- 
trode. If  platinum  is  used  as  the  electrode,  first  coat  it  with  a  layer  of  copper  and 
deposit  the  platinum  upon  the  copper.  Wash  with  water  and  alcohol  and  after 
drying  weigh. 

Wt.  of  electrode+Cu+Pt-Wt.  of  electrode -fCu=Wt.  of  Pt. 

Wt.  of  Pt  _  ,  ^^  .       r  T^x    •  X       •    1 

X 100  =  per  cent  of  Pt  m  material. 


Wt.  of  sample  taken 

Dr.  E.  F.  Smith,  in  his  work  on  "  Electro-Analysis  '*  recommends  that  the 
KiPtCU  be  dissolved  in  water  and  slightly  acidulated  with  HtSO«  (2  or  3%  by 
vol.)  and  after  heating  to  about  60  to  65°  and  electrolyzing  with  N.D.ioo-.05 
ampere  and  1.2  volts,  the  platinum  will  be  completely  precipitated  in  from  four 
to  five  hours  in  a  perfectly  adherent  form.  A  rotating  anode  will  precipitate 
the  platinum  much  quicker. 

1  If  iron  and  lead  are  suspected,  the  platinum  residue  is  washed  with  10%  solution 
of  ammonium  chloride  and  then  with  10%  solution  of  ammonium  acetate  and  finally 
with  80%  alcohol. 

'Factor  (NH«)tPtCIi  to  Pt= 0.4393. 

*  Factor  KsPtCk  to  Pt- 0.40 13. 


RARER  ELEMENTS  OF  THE  ALUED 

PLATINX'M  METALS 


S.V 


IRIDIUM 


19es.l;   9L#r.  SS^;   at.^ 2350'' C?   oxideM 
IffOb.lr:0> 

DETECTION 

Ih'iiiTTi  fci  i'tizA  s^^-^La:*^!  w^th  pLi'rinvirru  The  element  is  insoluble  in  all 
a/- id*,  ifi' '.  I'liT^  a'/:a  ff-sca.  i  l1.  m.e  L*  the  b^^st  reajsent  which  forms  the  chlor- 
hif^  (A  miiizzi  a.vl  \-i«^i'L*  r» -cpo'ir.-is  wi:h  <^»?her  chlorides  as  KJiCU,  which  is 
iTL^}\\i\f\e,  If  the  el*=-n  er.t  i*  heated  in  a  strp-am  of  chlorine  in  the  presence  of 
pf>taft.-ium  chloride  th^re  foirrs  a  salt,  KJrlV  which  is  sparingly  soluble  and  is 
u-ed  in  the  separation  of  indium. 

Caustic  Alkalies  pru'lu'-e  in  a  b^iiling  s^ilution  a  dark-blue  precipitate  of 
Ir(OH)4  in>#>luble  in  all  a^^-iiJs  except  HC'l. 

Potassium  chloride  fom^^  the  double  salt  (A  KsIrCU.  which  is  black  and  is 
difficultly  s^iluble  in  water. 

Ammoniiim  chloride  precipitates  black  (XH4)JrC*l4.  which  is  difficult]}' 
fK>lubIe  in  water. 

Hydrogen  sulphide  precipitates  black  IrsS^,  soluble  in  (NH4)sS. 

Metallic  zinc  precipitates  frr)m  an  acid  solution  black  metallic  iridium. 

Fonnic  add  and  stilphnroiss  add  precipitate  black  metallic  iridium  from 
hot  Holutions. 

ESTIMATION 

SubHtancos  in  which  iridium  is  determined  are  few,  namely:  platinum  scrap, 
jcjwolorM'  8wecp8,  contact  points,  ores,  etc. 

Preparation  and  Solution  of  the  Sample 

l*hitinurn  .scrap  and  contact  points,  etc.,  containing  iridium  dissolve  with 
difficulty  in  a(iua  rogia,  depending  on  the  amount  of  iridium  present.  The 
alloy  in  dis.solved  cjuicker  if  it  is  rolled  or  hanunered  to  a  very  thin  sheet  or 
ribbon.  The  alloy  of  platinum  and  iridium  with  an  iridium  content  up  to  10 /J^ 
diMs<»lvcH  in  acjua  regia  slowly;  an  alloy  of  iridium  content  of  15%  dissolves  in 
fUjua  rcgia  very  nlowly  and  the  aqua  regia  will  likely  have  to  be  replenished  from 
tiriu^  to  time.  An  alloy  of  25%  iridium  is  practically  insoluble  in  aqua  regia. 
Tho  fillings  from  the  8wceps,  etc.,  can  be  dissolved  by  aqua  regia  the  same  as 
tho  Hcnip.     After  (»xiM»lling  the  HXOa  the  platinum  and  the  iridium  are  precipi- 
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tated  together  with  NH4CI  as  (NHO^PtCl.  and  (NH4)JrCl6.  When  the  pre- 
cipitate is  ignited  to  metal  it  forms  an  alloy  of  platinum  and  iridium.  The 
indium  imparts  a  pinkish  to  a  scarlet  color  to  the  salt,  depending  on  the  amount 
of  iridium  present. 

If  the  iridium  content  is  high  the  metal  can  be  mixed  with  NaCl,  heated  to  a 
dull  red  heat  in  a  porcelain  or  silica  tube,  and  moist  chlorine  passed  over  the 
mixture.  The  iridium  will  be  in  the  form  of  a  chloride  which  dissolves  in 
water.  After  filtering  the  solution  and  evaporating  with  HCl,  the  iridium  as 
well  as  the  platinum  is  precipitated  with  NH4CI  or  H2S.  This  is  a  convenient 
way  on  a  larger  scale  to  dissolve  osmiridium  in  ores.  The  writer  has  had  good 
results  with  this  operation. 

When  the  iridium  is  contaminated  with  a  large  amount  of  impurities,  it  may 
be  reduced  from  the  solution  with  zinc,  and  the  impurities  dissolved  by  HNOj 
and  dilute  aqua  regia;  the  residue  is  washed  and  dried  as  iridium. 

Clean  osmiridium  grains  are  also  brought  into  solution  by  a  fusion  of  KNOj, 
NaXOa  or  KC10»  and  NaOH  or  KOH,  leaving  the  iridium  as  a  bluish  black 
oxide,  IrjOa. 

Separations 

Separation  of  Iridium  from  Platinum.    See  Separation  of  Pt  from  Ir. 

If  the  platinum  and  iridium  are  alloyed  with  ten  times  their  weight  of  silver 
and  the  alloy  dissolved  in  HNOj,  the  silver  and  the  platinum,  dissolves,  leaving 
the  iridium  insoluble.  After  washing  the  residue,  treat  with  a  small  amount 
of  dilute  aqua  regia  to  dissolve  any  platinum  that  may  be  present. 

For  other  separations  see  Separations  under  Pt  and  the  other  metals. 


GRAVIMETRIC    METHODS    FOR   THE    DETERMINATION 

OF    IRIDIUM 

Indium  is  nearly  always  weighed  as  the  metal. 

1.  By  Reduction  with  Zinc 

The  solution pf  iridium  or  iridium  and  platinum  is  treated  with  C.P.  granulated 
zinc  and  5%  free  HCl.  The  iridium  and  the  platinum  are  precipitated  as  fine 
black  metal.  The  black  metal  is  washed  free  from  impurities  and  the  platinum 
is  dissolved  in  dilute  aqua  regia  as  described  under  the  Separations.  The 
insoluble  portion  is  dried  and  weighed  as  iridium. 

2.  By  Igniting  the  Salt  (NH4)2lrCl6 

When  the  iridium  content  is  low  and  the  platinum  and  the  iridium  are  pre- 
cipitated together  with  NH4CI,  the  iridium  imparts  a  pinkish  to  a  deep-red  color 
to  the  salt,  depending  on  the  amount  of  iridium  present.  The  percentage  of 
iridium  in  the  salt  can  be  judged  fairly  well  by  comparing  with  standard  iridio- 
pbtinum  salts.  The  salt  is  filtered,  washed  with  alcohol  and  carefully  ignited 
and  weighed  as  iridio-platinum  sponge  metal.    The  percentage  of  iridium  in 
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the  sample  can  be  obtained  from  the  weight  of  the  iridium  calculated  from  the 
percentage  of  iridium  in  the  salt. 

Per  cent  of  Ir  found  in  the  salt  XWt.  of  iridio-Pt  found     ,^    />-    ^^  . 

zTT- — r— —; X 100  =%  of  Ir  m  material. 

Wt.  of  sample  taken 

When  the  iridium  is  in  solution  from  the  chlorine  method,  the  solution  is 
filtered  and  concentrated  with  HCl  and  the  iridium  precipitated  with  NH4CI. 
The  salt  (NH4)xIrCl6  is  filtered  and  washed  with  alcohol  and  carefully  ignited  to 
iridium  sponge.  Treat  with  a  few  drops  of  formic  acid  to  reduce  any  oxide  that 
may  form  or  reduce  with  hydrogen  and  weigh  as  metallic  iridium. 

Wt.  of  Ir  found         ,^,,  ,     ^  ^    .         .     .  1 

X 100  =per  cent  of  It  m  material. 


Wt.  of  sample  taken 


3*  By  Obtaining  it  as  a  Residue 

The  iridium  and  the  platinum,  etc.,  are  alloyed  with  ten  times  its  weight  of 
silver  and  the  alloy  dissolved  in  HNOs.  The  residue  will  be  a  small  amount  of 
platinum,  gold,  if  any  present,  and  iridium.  Add  a  small  amount  of  dilute  aqua 
regia,  which  will  dissolve  the  gold  and  the  rest  of  the  platinum,  leaving  the 
iridium  as  a  black  residue.  This  is  filtered,  washed  and  ignited  and  weighed  as 
metallic  iridium. 


PALLADIUM 

Element,  Palladium.    Pd.  af.irf.  106.7;   sp.gr.  11.9;  m.p.  1549^C.;   oxide9 

PdjO,  PdO,  PdO,. 

DETECTION 

This  metal  is  also  found  associated  with  platinum  and  iridium  as  well  as 
ruthenium,  rhodium,  and  osmium.  It  occurs  in  the  metallic  state  sometimes 
with  gold  and  silver.  It  resembles  platinum  as  to  luster  and  color.  Palladium 
sponge  when  heated  slightly  gives  a  rainbow  effect  due  to  the  formation  of 
oxides.  Hydrogen  passed  over  the  sponge  restores  it  to  the  original  color.  It 
dissolves  in  HNO3  and  boiling  H2SO4.  HCl  has  little  action  upon  it.  It  is 
readily  soluble  in  aqua  regia,  forming  PdCU. 

Alkalies  precipitate  a  dark-brown  precipitate  soluble  in  an  excess  of  the 
reagent.  If  boiled  a  brown  palladous  hydroxide  is  precipitated.  The  anhydrous 
oxide  is  black. 

Ammonia  gives  a  flesh-red  precipitate,  PdCUNHs,  soluble  in  excess  of 
ammonia.  If  HCl  is  added  to  this  solution  the  yellow  compound  of  pallad- 
anamonium  chloride,  Pd(NH3Cl)2,  is  deposited. 

Mercuric  cyanide  precipitates  a  yellowish-white  gelatinous  precipitate, 
Pd(CN)2,  insoluble  in  dilute  acids,  but  dissolving  in  ammonia  and  in  potassium 
cyanide  to  K2Pd(CN)4. 

Potassium  iodide  precipitates  black  palladous  iodide,  Pdit,  insoluble  in 
water,  alcohol,  and  ether,  but  soluble  in  an  excess  of  the  reagent. 
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Hydrogen  sulphide  precipitates  black  palladous  sulphide,  PdS,  soluble  in 
HCl  and  aqua  regia,  but  insoluble  in  (NH^aS. 

Potassium  nitrite  precipitate  a  yellow  crystalline  powder,  K2Pd(N02)4. 

Ferrous  sulphate  slowly  produces  a  black  precipitate  of  metallic  palladium 
from  the  nitrate. 

Ammonium  chloride  precipitates  palladium  as  (NH4)sPdCl4  from  the 
nitrate. 

Formic  add,  zinc  and  iron  reduce  to  metallic  palladium. 

ESTIMATION 

Palladiiun  is  determined  in  alloys,  ores,  jewelers^  sweeps,  etc. 

Preparation  and  Solution  of  the  Sample 

The  solubility  of  palladium  has  been  taken  up  under  Detection.  Palladium 
when  alloyed  with  platinum,  or  an  alloy  of  platinum,  iridium  and  palladium, 
dissolves  with  the  other  metals  in  aqua  regia  as  the  chloride.  When  palladium 
is  alloyed  with  silver  the  palladium  and  silver  are  dissolved  in  HNOj,  from  which 
the  silver  can  be  separated. 

Separations 

Separation  of  Palladium  from  Platinum  and  Iridium.  The  chlorides  of 
palladium,  platinum  and  iridium  in  solution  must  be  free  from  HNOi.  The 
platinum  and  the  iridium  are  precipitated  with  NH4CI,  leaving  the  palladium 
in  solution.  The  precipitate  is  put  on  a  filter  and  washed  free  from  Pd  with 
NH4CI  solution  and  alcohol. 

Separation  of  Palladium  from  Silver  and  Gold.  Three  times  the  weight  of 
the  gold  in  silver  should  be  present  in  the  alloy  in  order  to  separate  the  silver  and 
palladium  from  the  gold.  The  silver  and  the  palladium  will  dissolve  in  HNOi, 
leaving  the  gold  as  the  residue.  This  is  filtered  off  and  the  silver  may  be  pre- 
cipitated with  HCl.  The  silver  chloride  is  filtered  off  and  washed  with  hot  water 
until  free  from  Pd. 


GRAVIMETRIC    METHODS    FOR   THE    DETERMINATION 

OF  PALLADIUM 

1.  The  palladium  is  precipitated  from  the  solution  by  granulated  zinc,  the 
solution  having  a  small  amount  of  free  hydrochloric  acid.  The  residue,  after 
the  zinc  is  dissolved,  is  put  on  a  filter  and  washed  free  from  impurities.  Ignite 
the  filter  and  dissolve  in  a  small  amount  of  aqua  regia  and  evaporate  with  addi- 
tions of  HNOs  to  get  rid  of  the  HCl.  Dilute  with  a  small  amount  of  water  and 
precipitate  the  palladium  with  NH4CI  crystals.  Heat  for  a  few  minutes  and  let 
cool.  Filter,  wash  with  alcohol,  and  ignite.  Moisten  with  formic  acid  to 
reduce  to  metal  any  oxide  that  may  have  formed.  Dry  and  weigh  as  metallic 
palladimn. 

Wt.  of  Pd  found       ,^  .    ^t.,.         .    ., 

rrr — 7 r~n — X 100  =per  cent  of  Pd  m  material. 

Wt.  of  sample  taken 
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2.  With  the  solution  containing  about  one-fifth  the  volume  of  free  HCl,  the 
palladium  is  precipitated  with  10%  KI  solution.  Heat  to  nearly  boiling,  filter, 
wash  free  from  iron,  etc.,  with  1  :  4  HCl.  Ignite,  cool,  moisten  with  formic  acid, 
dry  and  weigh  as  metalhc  Pd. 

3.  The  filtrate  from  the  platinum  precipitation  or  the  solution  containing  the 
Pd  is  made  to  about  150  cc,  and  the  Pd  is  precipitated  by  adding  a  solution  of 
dimethylglyoxime  (1  gram  in  5  cc.  HCl).  Bring  to  boiling  and  let  stand  ove^ 
night  if  convenient.  Filter  on  a  weighed  Gooch  crucible  and  wash  with  water 
acidified  with  HCl,  then  with  alcohol.  Dry  and  weigh  as  (CgHuNiOOsPd,  which 
contains  31.68%  Pd. 

4.  The  nitric  acid  in  the  palladium  solution  is  expelled  by  evaporating  with 
HCl.  Neutralize  the  chloride  solution  almost  completely  with  sodium  carbonate 
and  mix  the  solution  with  a  solution  of  mercuric  cyanide,  Hg(CN)t,  and  heat  gently 
for  some  time.  Let  stand  until  cool,  overnight  if  convenient.  A  yellowish-white 
precipitate  of  Pd(CN)2  is  formed.  Filter,  wash  with  1%  Hg(CN)t  solution,  ignite 
and  reduce  in  hydrogen  to  metal,  or  reduce  with  formic  acid,  dry,  and  weigh 
as  metallic  Pd. 


RUTHENIUM 

Element,  Ruthenium.    Ru.  at.wt.  101.7;   sp.gr.  12;  .pm,  24/M>^  C?  oxidei 

RuO»  RUsOjt  RuOa*  RUO4. 

DETECTION 

This  element  is  found  only  in  platinum  ores.  It  is  barely  soluble  in  aqua 
regia,  and  insoluble  in  acid  potassium  sulphate.  It  dissolves  when  fused  with  KOH 
and  KNO3.  The  solution  of  the  fusion  when  dissolved  in  water  forms  potassium 
rutheniate,  K2RUO4,  from  which  HNO3  precipitates  the  hydroxide,  which  is 
soluble  in  HCl.  The  treatment  with  chlorine  and  KCl  at  a  high  temperature 
yields  a  salt  of  K2RUCI6.  The  salts  that  are  most  common  are  KiRuCK  and 
KjRuCle. 

Potassium  hydroxide  precipitates  a  black  hydroxide  easily  soluble  in  HCl. 

Hydrogen  sulphide  slowly  produces  black  Ru^Sj. 

Ammonium  sulphide  precipitates  brownish  black  sulphide. 

Metallic  zinc  precipitates  metallic  ruthenium,  the  solution  first  turning 
blue. 

ESTIMATION 

Ruthenium  is  generally  estimated  in  alloys  and  ores  or  residues. 

Preparation  and  Solution  of  the  Sample 

When  ruthenium  is  alloyed  with  j)latinum  or  gold,  aqua  regia  dissolves  these 
metals,  forming  the  chlorides  of  platinum,  gold  and  ruthenium.  The  ruthenium 
in  ores  is  in  the  fonn  of  an  alloy  with  platinum  or  osmiridium.  This  is  fused  with 
KNOa  and  KOH  in  a  silver  crucible,  the  osmium  and  the  ruthenium  forming  salts 
as  described  above,  while  the  iridium  remains  as  an  oxide. 
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Separations 

don  of  Ruthenium  from  Platinum.  The  two  metals  are  precipitated 
with  KCl  and  the  potassium  rutheniochloride  is  dissolved  out  with  cold  water 
containing  a  very  small  amount  of  KCl  and  alcohol.  The  ruthenium  is  then 
precipitated  from,  an  acid  solution  by  additions  of  granulated  zinc. 

A  separation  may  be  made  by  alloying  with  silver  and  dissolving  the  platinum 
and  silver  by  HNO»,  the  ruthenium  remaining  as  the  residue. 

Separation  of  Ruthenium  from  Iridium.  The  two  metals  are  fused  with 
KOH  and  KNO»  as  described  above,  the  ruthenium  forming  a  salt  soluble  in  water 
and  the  iridium  remaining  as  an  oxide. 

To  the  solution  of  the  two  metals,  sodium  nitrite  is  added  in  excess,  with 
sufficient  sodium  carbonate  to  keep  the  liquid  neutral  or  alkaline.  The  whole 
is  boiled  until  an  orange  color  appears.  The  ruthenium  and  the  iridium  are 
converted  into  soluble  double  nitrites.  Sodium  sulphide  is  then  added,  small 
quantities  at  a  time  until  the  precipitated  ruthenium  sulphide  is  dissolved  in  the 
excess  of  alkaline  sulphide.  At  first  the  addition  of  the  sulphide  gives  the  char- 
acteristic crimson  tint  due  to  ruthenium,  but  this  quickly  disappears  and  gives 
a  bright  chocolate-colored  precipitate.  The  solution  is  boiled  for  a  few  minutes, 
and  allowed  to  become  perfectly  cold  and  then  dilute  HCl  cautiously  added 
until  the  dissolved  ruthenium  sulphide  is  precipitated  and  the  solution  is  faintly 
«u?id.  The  solution  is  filtered  and  the  precipitate  washed  with  hot  water.  The 
filtrate  will  be  free  from  ruthenium.* 

Separation  of  Ruthenium  from  Rhodium.  The  mixed  solution  cf  the  two 
ixietals  is  treated  with  potassium  nitrite  as  described  above.  The  orange-yellow 
Solution  is  evaporated  to  dryness  upon  the  water  bath  and  treated  with  absolute 
^cohol.  The  rhodium  remains  undissolved  and  can  be  filtered  off  and  washed 
^ith  alcohol.  The  rhodium  salt  can  be  ignited  with  NH4CI  and  after  washing 
yields  metallic  rhodium. 


QRAVIMETRIC  METHODS  FOR  THE  DETERMINATION 

OF  RUTHENIUM 

Ruthenium  is  best  weighed  as  the  residue  after  the  other  metals  arc  elimi- 
'Uited.  It  may  be  precipitated  from  the  solution  with  zinc  and  after  filtering, 
^ashing  and  igniting  the  filter  the  impurities  are  dissolved  in  aqua  regia.  The 
Residue  is  ruthenium.  The  metals  may  be  alloyed  with  silver  and  after  dis- 
^Iving  out  the  silver,  platinum  and  palladium  with  HNOi,  the  residue  is  treated 
^th  aqua  regia,  leaving  the  residue  as  ruthenium.  If  iridium  is  present  in  the 
'^due,  weigh  as  iridium  and  ruthenium.  Make  a  fusion  with  KOH  and 
HxOa  as  described  under  iridium  and  filter  off  the  IraOj.  Calculate  the  weight 
^  Ir  which  is  to  be  subtracted  from  the  weight  of  the  ruthenium  and  iridium. 
*he  difference  is  ruthenium. 

The  solution  of  RuzCU  is  evaporated  to  drive  off  the  excess  acid  and  then 
^en  up  with  50  to  60  cc.  of  water  and  a  few  pieces  of  magnesium  added  gradually. 
Tlie  solution  is  filtered  and  the  residue  washed  with  a  5%  H2SO4  solution  to  get 
^  of  any  magnesium  that  may  be  present.  Ignite  at  the  lowest  possible  tem- 
perature, and  heat  in  hydrogen  to  red  heat,  cool  and  weigh  as  metallic  ruthenium. 

*  "Select  Methods  in  Chemical  Analysis,"  Sir.  Wm.  Crookes. 
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RHODIUM 

Element,  Rhodium.    Rh,  at.wt.  102.9;  sp.gr.  12.1;  m.p.  1050^  C;  oocjtfat 

RhO,  RhsOa,  RhO,. 

DETECTION 

Rhodium  is  found  only  in  platinum  ores.  It  is  a  white  metal,  difficultly  fusible, 
and  insoluble  in  acids.  Rhodium,  however,  dissolves  in  aqua  regia  when  alloyed 
with  platinum,  to  a  cherry  red  solution.  It  is  also  soluble  in  molten  phosphoric 
acid  and  dissolves  when  fused  with  acid  potassium  sulphate  with  the  formation 
of  K3Rh(S04)s.  If  the  metal  is  treated  with  chlorine  in  the  presence  of  sodium 
chloride  there  forms  a  soluble  salt,  NaaRhCU. 

Hydrogen  sulphide  precipitates  from  a  hot  solution  and  incompletely  a 
brown  rhodium  sulphide,  RhjSj. 

Potassium  hydroxide  precipitates  at  first  a  yellow  hydroxide,  Rh(OH)i+HjO 
soluble  in  an  excess  of  the  reagent.  If  boiled,  a  gelatinous,  dark-brown  hydroxide, 
Rh(0H)3,  separates.'  A  solution  of  NasRhCU  does  not  show  this  reaction  imme- 
diately, but  the  precipitate  appears  in  the  course  of  time.  An  addition  of  alcohol 
causes  a  black  hydroxide  to  be  precipitated  at  once. 

Ammonium  hydroxide  produces  a  yellow  precipitate  of  Rh(NHs)»Cls  which 
is  insoluble  in  HCl. 

Potassium  nitrite  precipitates  from  hot  solutions  a  bright  yellow  precipi- 
tate of  double  nitrite  of  potassium  and  rhodium. 

Zinc,  iron  and  formic  acid  precipitate  rhodium  as  a  black  metal. 

Hydrogen  reduces  rhodium  salts. 


ESTIMATION 

Rhodium  is  estimated  mainly  in  ores,  thermo  couples  and  salts. 

Preparation  and  Solution  of  the  Sample 

When  rhodium  is  estimated  in  thermo  couples  or  other  alloys  of  platinum 
and  rhodium  the  wire  or  sample  is  rolled  to  a  thin  ribbon  and  dissolved  in  aqua 
regia.  Both  metals  will  go  into  solution,  forming  the  chlorides  of  rhodium  and 
platinum.  The  aqua  regia  will  have  to  be  replaced  from  time  to  time,  as  the 
alloy  dissolves  slowly. 

The  rhodium  from  salts  is  precipitated  with  zinc  and  the  black  metallic 
rhodium  cleaned  with  dilute  aqua  regia,  filtered,  washed,  ignited  and  reduced 
with  hydrogen. 

Some  alloys  and  ores  are  alloyed  with  silver  and  the  silver  and  platmum  arc 
dissolved  in  HXOa.  The  residue  is  cleaned  with  aqua  regia,  dried,  and  weighed 
as  metallic  rhodium.    If  the  residue  is  ignited  reduce  with  hydrogen. 

Separations 

Separation  of  Rhodium  from  Platinum.  The  alloys  of  platinum  and 
rhodium  (10%)  dissolve  slowly  in  aqua  regia  as  stated  above.  After  expelling 
the  HXOi  the  metals  are  precipitated  with  NH4CI.    The  precipitate  is  filtered 


J 
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and  washed  with  dilute  ammonium  chloride  solution,  which  dissolves  the  rhodium 
salt.  A  very  small  amount  of  rhodium  will  color  the  filtrate  pink  to  a  rose-red 
color,  depending  on  the  amount  of  rhodium  present. 

Separation  of  Rhodium  from  Iridium.    See,  Separation  of  Rh  from  Pt. 

A  separation  can  be  made  by  adding  sodium  nitrite  in  excess  to  the  solu- 
tion of  the  two  metals,  with  a  sufficient  quantity  of  sodium  carbonate  to  make 
the  solution  neutral  or  alkaline;  this  is  boiled  until  the  solution  assumes  a  clear 
orange  color.  The  rhodium  and  iridium  are  converted  into  soluble  double  nitrites. 
A  solution  of  sodium  sulphide  is  added  in  slight  excess  and  the  liquid  made  slightly 
acid.    The  rhodium  is  precipitated  as  dark-brown  rhodium  sulphide. 

Separation  of  Rho(tium  from  Ruthenium.  The  solution  containing  the  two 
metals  is  treated  with  sodium  nitrite  as  above  and  evaporated  to  dryness.  The 
residue  is  powdered  and  treated  in  a  flask  with  absolute  alcohol.  After  filter- 
ing and  washing  with  alcohol  the  rhodium  remains  undissolved. 


GRAVIMETRIC   METHODS   FOR   THE    DETERMINATION 

OF  RHODIUM 

From  the  solution  of  platinum  and  rhodium,  the  platinum  is  precipitated 
with  NH4CI  and  the  precipitate  filtered  off  and  washed  free  from  rhodium  with 
dilute  ammonium  chloride  solution.  The  rhodium  is  precipitated  with  zinc 
and  the  residue  is  washed  well  with  hot  water  acidulated  with  HCl.  The  residue 
is  then  cleaned  with  dilute  aqua  regia  and  the  black  metallic  rhodium  is  filtered 
off,  dried,  and  weighed  as  metallic  rhodium.  If  the  filter  is  ignited  reduce  in 
hydrogen  before  weighing. 

The  alloy  may  be  melted  with  lead  or  silver  and  the  buttons  dissolved  in 
HNOa,  leaving  a  residue  which  is  treated  with  aqua  regia  to  dissolve  any  platinum 
that  might  remain.  Wash  and  weigh  as  metallic  rhodium.  If  iridium  is  with 
the  rhodium  the  residue  is  treated  with  salt  and  chlorine  and  the  melt  dissolved 
in  water  as  described  under  Iridium.  The  iridium  is  precipitated  with  NH4CI 
and  the  rhodium  with  zinc.  The  rhodium  black  is  cleaned  with  dilute  aqua 
refpa,  filtered,  washed  and  ignited.  Reduce  in  hydrogen  and  weigh  as  metallic 
rhodium. 


OSMIUM 

Element,  Osmium.    Os,  at.wt.  190.9 ;  sp.gr.  22 A ;  m.p.  2700°  C?  oxides  OsO, 

OS2O,,  OsOs,  OSO4. 

DETECTION 

Osmium  occurs  with  platinum  ores  and  alloyed  with  iridium.  The  chlorides, 
OsClf  and  OsCU,  combine  with  the  alkali  chlorides.  Osmium  oxidizes  easily  and 
bums  in  the  fiame.  Through  the  action  of  HNO»,  aqua  regia  or  heating  in  a 
stream  of  moist  chlorine,  osmic  tetroxide  is  formed.  Osmium  is  very  volatile 
and  the  fumes  are  poisonous.  It  is  detected  readily  by  the  odor  when  heated, 
as  the  fumes  are  highly  corrosive  and  disagreeable  like  chlorine.  Chlorine  passed 
over  hot  osmium  mixed  with  KCl  gives  KaOsCU,  which  dissolves  in  cold  water. 
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Hydrogen  sulphide  precipitates  brownish  black  osmium  sulphide,  OsSi, 
but  only  in  the  presence  of  some  strong  mineral  acid.  It  is  insoluble  in  ammonium 
sulphide. 

Potassium  hydroxide  precipitates  reddish-brown  osmium  hydroxide. 

Ammonium  hydroxide  precipitates  the  osmium  hydroxide. 

Zinc  and  formic  acid  precipitate  black  metallic  osmium. 

Hydrogen  reduces  osmium  compounds  to  the  metal. 


ESTIMATION 

Osmium  is  estimated  mainly  in  osmiridium  and  platinum  residues. 

Preparation  and  Solution  of  the  Sample 

After  the  platinum  is  extracted  the  residue  or  osmiridium  is  mixed  with  two 
or  three  times  its  weight  of  conmion  table  salt.  The  mixture  is  put  in  a  porce- 
lain or  silica  tube  and  heated  to  a  dull  red  heat;  moist  chlorine  is  then  passed 
through  the  tube  for  a  short  time.  The  mass  is  cooled  and  dissolved  with  water- 
After  several  treatments  the  entire  group  of  platinum  metals  will  be  in  solution* 

The  osmium  material  may  also  be  fused  with  KOH  and  KNOi  and  the  melt 
dissolved  in  water.  The  osmium  will  be  in  solution  as  potassium  osmate,  K^OsOi; 
while  the  iridium  remains  as  residue. 

For  ^Reparations  see  below. 


GRAVIMETRIC    METHODS    FOR   THE   DETERMINATION 

OF  OSMIUM 

The  osmium  is  very  difficult  to  ascertain  on  account  of  the  element  being 
very  volatile. 

The  potassium  osmate,  K2OSO4,  solution  is  put  in  a  small  retort,  and  boiled 
with  HXO3,  the  vapor  Is  conducted  into  NaOH  solution  and  after  acidif>ing  with 
a  little  HCl  the  osmium  can  be  precipitated  with  NajSiOs  as  a  brown  precipitate 
of  OSO4  which  is  filtered,  washed,  dried  and  weighed  as  the  oxide. 

When  osmuim  is  in  the  form  of  osmate  of  sodium  th3  solution  is  heated  gently 
and  strips  of  nluiuinum  are  plunged  in  and  the  osmium  will  be  deposited  in 
metallic  form,  while  the  aluminum  disvsolves  in  the  soda.  Care  must  be  taken 
not  to  add  too  much  aluminum,  as  an  alumi riate  might  be  precipitated  which  is 
troublesome.  When  the  solution  is  discolored  the  dense  precipitated  osmium 
is  washed  by  decantation  with  water  to  remove  the  sodium  aluminate,  and  then 
with  h%  H2SO4  solution  to  remove  the  excess  aluminum.  The  osmium  is  dried 
in  a  hell-jar  filled  with  hydrogen,  then  heated  to  a  dull  redness  and  cooled  in  a 
current  of  hydrogen.  Tlie  osmium  is  weighed  as  the  metal.  As  a  check  the 
osmium  may  l^c  driven  off  in  the  Ibrm  of  OSO4  by  heating  to  redness  with  plenty 
of  air,  or  l^etter,  in  a  current  of  oxygen  and  weighing  again.  ^ 

^  "Select  Methods  in  Chemical  Analysis,"  Sir  Wm.  Crookes. 
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ANALYSIS  OF  PLATINUM  ORES 

Take  3  to  5  grams  of  the  ore  and  treat  with  aqua  regia.  After  diluting, 
the  osmiridium  and  gangue  are  filtered  out,  ignited  and  weighed.  The  insoluble 
portion  is  then  fused  in  an  assay  crucible  with  at  least  twice  the  weight  of 
granulated  silver  and  borax  glass.  Clean  the  button  and  treat  with  dilute  HNO3, 
hlter,  wash  free  from  silver,  ignite  and  weigh  as  osmiridium. 

The  aqua  regia  solution  is  evaporated  several  times  with  HCl  nearl/  to 
dryness.  Then  pass  in  a  current^of  chlorine  for  thirty  minutes,  cool  in  chlorine 
and  evaporate  at  40°  to  a  thick  paste.  Dilute  with  water,  getting  a  clear  solution 
of  PtCU,  IrCU,  RhCl,,  AuCl,,  PdCU,  CuCh  and  FeCl,.  Saturate  the  solution 
with  NH4CI  and  after  forty-eight  hours  filter  of!  the  (NHOtPtCl.  and  (NH4)tIrCl6; 
ignite  in  a  porcelain  crucible,  adding  crystals  of  ash-free  oxalic  acid  toward  the 
end.  Digest  the  platinum  and  iridium  sponge  with  10%  HCl,  filter,  ignite,  reduce 
in  hydrogen,  cool  in  COt  and  weigh  as  platinum  and  iridium  (Ru).  In  the 
filtrate  from  the  platinum  and  iridium,  separate  the  palladium  with  dimethyl- 
glyoxime.  Evaporate  the  filtrate  to  dryness  and  destroy  the  NH4CI  by  adding 
concentrated  HNd  followed  by  concentrated  HCl.  Dissolve  the  residue  in  water 
and  add  (NH4)fC?04  and  heat  from  four  to  six  hours  till  the  gold  is  reduced; 
add  dilute  HiS04,  filter  and  wash  with  dilute  H?S04,  then  with  dilute  HCl,  ignite 
and  weigh  as  gold.  Neutralize  the  excess  acid  with  NH4OH  and  precipitate  any 
palladium  in  a  boiling  acid  solution  with  dimethylglyoxime. 

Treat  the  filtrate  from,  the  gold  and  palladium  vnth  50  grams  of  pure  zinc  and 
50  cc.  of  concentrated  HCl;  after  five  or  six  hours  the  solution  should  be  color- 
less, otherwise  add  more  HCl.  Filter  by  suction  and  wash  with  dilute  HCl, 
then  with  water  till  free  from  acid,  dry  the  filter  and  ignite  two  or  three  hours; 
grind  this  in  a  glass  mortar  and  digest  two  hours  with  HNOs  (1  :  1),  filter  and 
wash  with  water;  the  residue  is  rhodium  with  traces  of  platinum  and  iridium.. 
Evaporate  the  filtrate  to  dryness  repeatedly  with  HCl  and  determine  the  copper. 

Evaporate  the  filtrate  from  the  copper  to  dryness,  treating  with  HNOs,  then 
HCl;  add  water,  HCl  and  zinc  as  above;  add  the  ash  to  the  main  rhodium  portion 
and  grind  in  a  glass  mortar  with  acid  potassium  sulphate,  KHSO4,  and  fuse  in  a 
crucible;  the  rhodium  is  converted  into  a  soluble  sulphate,  the  iridium  is  oxi- 
dized and  the  platinum  remains  unaltered.  Digest  the  melt  with  water  and 
dilute  HCl ;  a  metallic  residue  is  platinum  or  iridium.  Filter  and  wash  with  very 
dilute  HCl;  to  the  filtrate  add  zinc  to  precipitate  the  rhodium,  filter  and  wash 
with  5%  H2SO4  solution,  ignite  and  let  cool.  Finally  ignite  in  hydrogen,  cool 
in  COj  and  weigh.  The  insoluble  residue  from  the  KHSO4  fusion  is  ignited, 
reduced  and  weighed.  The  platinum  and  iridium  may  be  separated  as  described 
before. 

Make  up  the  filtrate  from  the  first  zinc  reduction  to  1  liter  and  treat  500  cc. 
with  HNOi  or  HjO,;  make  two  basic  acetate  precipitations  and  finally  precipi- 
tate at  70**  with  NH4OH,  ignite  and  weigh  as  Fe,Oa. 

Calculation. 

100  —per  cent  sand  -A. 

100 

—T-  =  factor  by  which  per  cent  found  is  to  be  multiplied. 

*A  modification  of  the  Deville-Debray  Procedure,  by  Wttnder  and  Thuringer. 
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ASSAY  METHODS  OF  PLATINUM  ORES,  ETC. 

Take  from  10  to  30  grains  of  the  material  and  place  in  a  2 J-  or  3-in.  scorifier 
with  about  20  to  30  grams  of  test  lead  and  cover  with  litharge.  Fuse  in  a  muffle 
for  a  half  hour.  When  cool  clean  the  lead  button  thoroughly  and  dissolve  the 
lead  with  dilute  nitric  acid  (1  :  3).  When  the  lead  is  dissolved,  filter,  and  wash 
the  residue  with  hot  water  till  free  from  lead.  Dry  the  filter  and  remove  the 
residue  to  a  small  glass  beaker  and  bum  the  filter,  after  which  the  ash  is  added 
to  the  residue  in  the  small  glass  beaker.  This  is  treated  with  dilute  aqua 
regia  to  remove  any  gold,  platinum,  etc.,  that  may  be  present.  Filter  and  wash 
thoroughly  with  hot  water  and  ignite  at  a  low  temperature  for  a  short  time 
only,  as  osmium  will  volatilize.    Weigh  as  osmiridium. 

Take  another  portion  of  10  to  30  grams  of  the  material  and  treat  with  aqua 
regia  two  or  three  times.  This  will  bring  the  platinum  and  the  alloys  (except 
osmiridium)  into  solution.  After  filtering  make  up  the  volume  to  500  to  1000  cc, 
depending  on  the  amount  of  platinum  present.  Take  two  or  three  portions  of 
25  to  50  cc.  of  the  solution  and  evaporate  to  nearly  dryness  with  additions  of 
HCl  to  get  rid  of  the  HNOs.  Take  up  with  a  small  amount  of  water  and  add 
ammonium  chloride.  Digest  on  the  water  bath  and  let  cool  overnight  if  con- 
venient. Filter  onto  an  ashless  filter  and  wash  with  dilute  ammonium  chloride 
solution  and  alcohol.  Ignite  cautiously  and  weigh  as  platinimi.  The  iridium 
will  be  precipitated  with  the  platinum  and  weighed  with  the  platinum;  the 
color  of  the  pure  platinum  precipitate  is  yellow,  but  the  iridium  precipitate  will 
impart  a  pink  to  a  deep  red  color  to  the  platinum  precipitate,  and  the  per  cent 
of  iridium  present  can  easily  be  judged  by  comparing  with  standard  iridio-plati- 
num  salts. 

The  filtrate  from  the  platinum  precipitation  is  treated  with  ferrous  sulphate 
to  precipitate  the  gold.  Digest  and  filter  out  the  gold.  Ignite  and  alloy  with 
silver  and  part  for  gold. 

To  the  filtrate  from  the  gold  add  an  excess  of  HCl  and  precipitate  the  pal- 
ladium with  10%  solution  of  potassium  iodide  as  described  under  palladium. 
The  palladium  can  be  taken  out  before  the  gold  by  evaporating  the  filtrate  from 
the  platinum  precipitation  and  precipitating  the  palladium  with  nitric  acid  and 
ammonium  chloride  as  described  under  palladium. 

In  the  filtrate  from  the  palladium  precipitation  the  rhodium  is  precipitated 
with  zinc  until  the  solution  is  colorless.  Wash  well  with  hot  water  and  clean 
with  dilute  aqua  regia.  If  this  is  done  carefully  the  residue  will  be  clean  rhodium 
with  probably  a  trace  of  iridium.  Ignite  the  residue  and  reduce  in  hydrogen 
and  weigh  as  rhodium. 

If  ruthenium  and  the  total  iridium  content  are  to  be  estimated  the  separations 
are  the  same  as  described  under  these  elements. 
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Sodium,  Na,  at.wt.  23.00;  sp.gr.  0.9735;  m.p.  97.6'';   b.p.  877.5°  C;  oxides 

Na,0,  Na,Ot. 

Potassium,  K,  at.wt.  39.10;  sp.gr.  0.875;   m.p.  62.5°;  b.p.  757.5°  C;  oxides 

K,0»  K,04. 

Uthium,  Li,  at.wt.  6.94;  sp.gr.  0.534;  m.p.  186°;  b.p.  >1400°  C;  oxide  LisO. 

Rubidium,  Rb,  af.irf.  85.45;  sp.^r.  1.532;  m.p.  38.5"^;    6.p.  606°C.;   oxides 

RlhOf  RbiOs,  RthOs,  RthOi. 

Ciie8t'iim,Cs,o^ire.  132.81;   «p.^r.  1.87;    m.p.  26.37'';   6.p.  670°C.;   oxides 

CssO,  CssOi,  CSsOa,  C8s04. 

DETECTION 
Detection  of  Sodium 

Sodium  is  usually  identified  by  the  color  which  it  imparts  to  the  flame  or  by 
means  of  the  spectroscope.  The  solution  is  prepared  as  directed  under  Prepara- 
tion and  Solution  of  Sample,  and  is  freed  from  all  constituents  other  than  the 
chlorides  of  magnesium  and  the  alkalies  according  to  the  methods  given  under 
Separations.  With  exceedingly  small  amounts  6{  sodium,  it  may  be  necessary 
to  remove  the  magnesium  also.  After  acidifying  with  hydrochlo^c  acid,  a  drop 
of  the  solution  is  brought  into  the  flame  by  means  of  a  loop  of  platinum  wire. 
In  the  presence  of  sodium,  the  flame  assumes  an  intense  yellow  color,  which  is 
usually  suflicient  to  identify  the  element.  The  results  may  be  confirmed  by 
examining  the  flame  in  the  spectroscope,  when  the  characteristic  yellow  sodium 
Une  will  be  prominent  even  in  the  presence  of  traces  of  sodium.  As  a  matter  of 
fact,  the  ever-presence  of  the  6odium  line  is  a  hindrance  to  the  success  of  the 
method,  but  by  observing  the  sudden  change  in  the  intensity  of  the  line,  little 
trouble  will  be  experienced  in  detecting  exceedingly  small  amounts  of  the  metal. 

Sodium  may  also  be  detected  by  precipitation  as  sodium  pyroantimonate, 
H|NaaSbj07-HiO,  from  a  sufficiently  concentrated  neutral  or  weakly  alkaline 
solution  by  means  of  a  solution  of  acid  potassium  pyroantimonate.  The  pre- 
cipitate comes  down  in  granular  or  cr3rstalline  form,  and  its  formation  is  hastened 
by  rubbing  the  sides  of  the  vessel  with  a  glass  rod.  In  making  this  test,  mag- 
nesium must  also  be  previously  removed  from  the  solution. 

In  waters  and  soluble  salts,  it  is  usually  suflicient  to  test  directly  the  con- 
centrated solution  in  the  flame  or  spectroscope. 

Detection  of  Potassium 

For  the  detection  of  potassium  in  insoluble  compounds,  bring  the  sample 
into  solution  by  one  of  the  methods  given  under  Preparation  and  ^Solution  of 

*  Assistant  Chemist,  U.  S.  Geological  Survey,  Washington,  D.  C. 
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Sample.    In  other  cases,  prepare  a  strong  solution  of  the  material  to  be  tested. 
Where  only  very  small  amounts  of  potassium  are' present,  remove  all  the  con- 
stituents from  the  solution  except  the  chlorides  of  magnesium  and  the  alkalies 
as  directed  under  Separations.     In  the  presence  of  considerable  amounts  c^ 
potassium,  small  quantities  of  other  constituents  will  not  materially  interfere 
with   the  flame  and  spectroscopic   tests.    After  acidifying  with  hydrochloric 
acid,  bring  a  drop  of  the  solution  to  be  tested  into  the  non-luminous  flame  and 
observe  the  color  produced  through  a  Merwin  color  screen.^    In  the  presence  of 
potassium,  a  distinct  reddish-violet  coloration  will  be  apparent.    This  must  not 
be  confused  with  the  color  caused  by  large  amounts  of  sodium,  which  appears 
bluish-violet  through  the  screen.    Comparison  with  the  coloration  produced  by 
pure  salts  is  advisable.     If  necessary,  confirm  the  results  by  examining  the  flame 
in  the  spectroscope.     In  the    presence  of  a  moderate  amount  of  a  volatile 
potassium  compound,  a  bright  red  line  will  be  readily  seen  in  the  red  portion  of 
the  spectrum,  and  a  less  distinct  violet  line  will  be  visible  far  out  in  the  violet 
rays. 

Potassium  may  also  be  identified  by  various  reactions,  such  as  precipitatiai^ 
from  a  strong  solution,  as  potassium  chloroplatinate,  perchlorate,  acid  tartrate  > 
picrate,  cobaltic  nitrite,  silico-fluoride,  phosphotungstate,  etc.  These  compound^ 
of  potassium  are  all  sparingly  soluble  in  water  while  the  corresponding  sodiui^ 
salts  are  readily  soluble. 

Detection  of  Lithium 

Bring  the  sample  into  solution  as  directed  under  Preparation  and  Solution  of 
Sample,  and  separate  the  alkali  chlorides  from  other  constituents  according  to 
the  methods  under  Separations.  Digest  the  dry  chlorides  with  amyl  alcohol 
or  with  a  mixture  of  absolute  alcohol  and  ether,  filter,  and  evaporate  the  filtrate 
to  dryness.  Moisten  the  residue  with  dilute  hydrochloric  acid  and  escamine 
it  in  the  spectroscope.  A  bright  red  band  and  a  faint  orange  line  make  up  the 
flame  spectrum  of  lithium.  These  lie  between  the  sodium  line  and  the  red  potas- 
sium line  and  are  easily  recognized. 

Lithium  salts  impart  a  cannine-red  color  to  the  flame,  which  is  obscured  by 
sodium,  and  by  large  amounts  of  {wtassium.  But  by  the  proper  use  of  a  color 
scrccni,  the  lithium  flame  may  be  recognized  in  the  presence  of  large  amounts 
of  sodium. 

C'Onfinuation  of  the  presence  of  lithium  may  be  had  by  the  formation  of  the 
sparingly  soluble  liMiium  phosphate  or  lithium  fluoride. 

Detection  of  Rubidium  and  Caesium 

In  the  usual  course;  of  analysis,  these  rare  elements  are  separated  along  with 
sodium,  potassium,  and  lithium  from  all  other  bases.  In  order  to  detect  rubidium 
and  caesium,  extract  the  dry  chlorides  of  the  alkali  metals  with  a  few  drops  of 
hydrochloric  acid  and  1)0%  alcohol.  This  will  dissolve  most  of  the  rare  alkalies 
along  with  some  sodium  and  potassium.  Evaporate  the  solution  to  dryness, 
dissolve  in  a  very  small  amount  of  water,  and  add  chloroplatinic  acid  solution. 
Rubidium,  caesium,  and  potassium  chloroplatinates  will  be  precipitated.     Filter 

^  The  Merwin  color  screens  are  nuinufiictured  tind  sold  by  G.  M.  Flmt,  84  Wendell 
Street,  (/anibridgo,  Mass.,  at  25  cents  apiece,  and  are  far  superior  to  the  ordinary 
cobalt  glass. 
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and  wash  the  residue  repeatedly  with  hot  water  to  remove  the  potassium  salt, 
which  is  much  more  soluble  than  rubidium  and  caesium  chloroplatinates.  During 
this  treatment,  examine  the  residue  from  time  to  time  in  the  spectroscope.  As  the 
rubidium  and  caesium  salts  are  concentrated  through  washing,  their  spectra 
will  gradually  become  visible. 

ESTIMATION 

The  estimation  of  sodium  and  potassium  is  required  in  the  analysis  of  rocks, 
clays,  soils,  ashes  of  plants,  waters,  brines,  saline  deposits,  salts  of  the  alkalies, 
many  technical  products,  and  in  other  cases.  The  determination  of  potassium 
is  of  special  importance  in  the  analysis  of  fertilizers.  The  estimation  of  lithium 
is  desired  in  the  anal3rsis  of  lithium  minerals,  frequently  in  mineral  waters, 
occasionally  in  rocks,  and  in  certain  other  special  cases.  The  estimation  of 
rubidium  and  caesium  is  seldom  required. 

Preparation  and  Solution  of  Sample 

Procedure  for  Rocks  and  Other  Insoluble  Mineral  Products.  For  silicate 
rocks  and  other  silicious  material,  bring  the  alkalies  into  solution,  according  to 
the  J.  Lawrence  Smith  or  the  hydrofluoric  acid  method,  as  directed  on  pages  355 
and  356.  In  the  case  of  alunite  prepare  the  solution  as  directed  on  page  356. 
For  products  which  are  dissolved  by  hydrochloric  acid,  effect  the  solution  by  acid 
dig^tion,  expel  the  excess  of  acid  by  evaporation,  and  remove  other  constituents 
as  directed  under  Separations. 

Procedure  for  Soils. ^  Digest  10  grams  of  moisture-free  soil  with  100  cc.  of 
hydrochloric  acid  of  a  constant  boiling-point  (sp.gr.  1.115)  in  a  300-cc.  Erlen- 
meyer  flask  fitted  with  a  ground-glass  or  rubber  stopper  and  a  reflux  condenser. 
Digest  continuously  for  ten  hours  on  the  steam  bath,  shaking  the  flask  every 
hour.  After  settling,  decant  the  solution  into  a  porcelain  dish.  Wash  the 
insoluble  residue  onto  a  filter  with  hot  water,  and  continue  the  washing  until 
free  from  chlorides,  adding  the  washings  to  the  original  solution  for  evaporation. 
Oxidize  the  organic  matter  present  in  the  solution  with  a  few  drops  of  nitric  acid 
and  evaporate  to  dryness  on  a  water  bath.  Moisten  with  hydrochloric  acid  and 
dissolve  in  hot  water  and  evaporate  a  second  time  to  complete  drjiiess  and 
until  the  excess  of  hydrochloric  acid  is  completely  removed.  Moisten  the  cooled 
residue  with  strong  hydrochloric  acid  and  dissolve  in  hot  water.  Filter  into  a 
250-cc.  graduated  flask,  wash  free  from  chlorides,  and  dilute  to  the  mark.  Use  an 
aliquot  of  100  cc.  for  the  determination  of  the  alkalies. 

Procedure  for  Fertilizers.'  Potash  salts.  Boil  10  grams  of  the  sample 
with  300  cc.  of  water  for  thirty  minutes,  wash  into  a  500-cc.  graduated  flaslf, 
cool,  dilute  to  the  mark,  mix  and  pass  through  a"  dry  filter.  Determine  the 
potassium  in  a  25-cc.  aliquot  representing  0.5  gram  of  the  original  substance, 
according  to  either  the  modified  chloroplatinate  or  the  Lindo-Gladding  method. 

Mixed  fertilizers.  Boil  10  grams  of  the  sample  with  300  cc.  of  water  for  thirty 
minutes,  and  wash  into  a  500-cc.  graduated  flask.  Add  to  the  hot  solution  a 
slight  excess  of  ammonia  and  suflicicnt  anmionium  oxalate  to  precipitate  all  the 
lime,  cool,  dilute  to  the  mark,  mix,  and  pass  through  a  dry  filter.    Evaporate 

1 U.  S.  Dept.  Agr.,  Bu.  of  Chem.,  Bull.  107  (revised),  14,  1907. 
*  U.  S.  Dept.  Agri.,  Bu.  Chem.  Bull.  107  (revised),  11, 1907. 
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50  cc.  of  the  filtrate  to  dryness  and  ignite  gently  to  remove  ammonium  salts. 
Dissolve  in  water,  filter,  and  determine  the  potassium  according  to  the  modified 
chlorplatinate  ^  or  the  Lindo-Gladding  method. 

Organic  compounds.  When  it  is  desired  to  determine  the  total  potash  in 
organic  substances  such  as  cottonseed  meal,  tobacco  stems,  etc.,  saturate  10  grams 
with  strong  sulphuric  acid,  and  ignite  in  a  muffle  at  low  red  heat  to  destroy 
organic  matter.  Add  a  little  strong  hydrochloric  acid,  warm  slightly  to  loosen 
the  mass  from  the  dish,  dissolve  in  water,  filter,  and  determine  the  potassium 
according  to  the  modified  chloroplatinate  or  the  Lindo-Gladding  method. 

If  for  any  reason  it  is  desired  to  use  either  the  chloroplatinate  or  the  perchlorate 
method  in  the  determination  of  potassium,  interfering  substances,  including 
sulphates,  must  first  be  removed  from  the  solution. 

Procedure  for  Ashes  of  Plants.  Boil  20  grams  of  the  sample  with  300  cc. 
of  water  for  thirty  minutes,  filter  into  a  500-cc.  flask,  and  wash  the  residue  thor- 
oughly with  hot  water.  Cool,  dilute  to  the  mark  and  mix.  Take  aliquots  for 
the  determination  of  the  alkalies.  The  solution  may  also  be  prepared  by  diges- 
tion with  hydrochloric  acid.*  This  treatment  is  preferable  when  all  the  constit- 
uents of  the  ash  are  to  be  determined. 

Procedure  for  Saline  Residues,  Soluble  Salts,  Brines,  etc.  In  the  case 
of  water-soluble  products,  the  convenience  of  the  analyst  usually  determines 
the  manner  of  preparing  the  solution.  Usually  it  is  preferable  to  weigh  out  a 
convenient  portion,  to  make  up  the  solution  to  definite  volume,  and  to  take  an 
aliquot  for  each  determination.  As  a  general  rule,  a  sample  should  be  taken 
sufficient  to  give  about  a  half  gram  of  solids.  Strong  brines  should  be  weighed 
and  not  measured. 

SEPARATIONS 
Separation  of  the  Alkali  Metals  from  other  Constituents 

Separation  from  the  Hydrogen  Sulphide  and  Ammonium  Sulphide 

Groups  of  Metals 

The  alkali  metals  are  usually  weighed  as  chlorides  or  sulphates,  and  in  gen- 
eral before  undertaking  their  determination,  all  other  bases  and  acids  must  first 
be  separated  from  them.  The  hydrogen  sulphide  and  the  ammonium  sulphide 
groups  of  metals  are  seldom  to  be  found  in  solutions  in  which  the  determination 
of  the  alkalies  is  desired.  If  these  are  present,  however,  they  may  be  readily 
precipitated  by  means  of  hydrogen  sulphide  and  anunonium  sulphide  as  detailed 
on  pages  142  and  254. 

^Separation  from  Silica 

Acidify  the  solution  with  hydrochloric  acid  and  evaporate  it  in  a  platinum 
or  porcelain  dish  on  the  water  bath  until  the  odor  of  hydrochloric  acid  in  the 
dry  residue  can  no  longer  be  detected.  Break  up  the  dry  mass  with  a  platinum 
or  glass  rod,  cool,  moisten  with  a  minimum  amount  of  concentrated  hydrochloric 

*If  this  method  is  used,  it  will  not  be  absolutely  necessary  to  remove  the  calcium  by 
addition  of  ammonia  and  amonium  oxalate. 

•Lunge,  "Technical  Methods  of  Analysis,"  2,  450, 19X1,  D,  Van  Nostrand  Co., 
New  York. 
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acid,  dissolve  in  a  small   quantity   of  water,  filter  and  wash  the  residue  free 
^m  chlorides.    In  the  presence  of  much  silica,  repeat  the  operation. 

Separation  from  Iron,  Aluminum,  Chromium,  Titanium,  Uranium, 

Phosphoric  Acid,  etc. 

If  phosphoric  acid  is  present  in  amounts  insufficient  to  combine  with  all  the 
iron,  alumina,  etc.,  or  is  absent  altogether,  heat  the  solution  to  boiling,  add  a  few 
drops  of  nitric  acid  to  oxidize  the  iron,  add  gradually  an  excess  of  ammonia, 
boil  for  a  minute  or  so,  allow  the  precipitate  to  settle,  and  filter.  Wash  the  pre- 
cipitate free  from  chlorides  with  hot  water. 

If  phosphoric  acid  is  present  in  the  solution  in  excess  of  that  required  to 
combine  with  the  iron,  alumina,  etc.,  heat  the  solution  to  boiling,  oxidize  with 
wtric  acid,  add  a  slight  excess  of  ferric  chloride  solution,  and  precipitate  with 
unmonia  as  described  above. 

When  the  precipitate  is  considerable,  it  should  be  dissolved  in  hydrochloric 
wid,  and  the  precipitation  repeated. 

If  chromates  are  present,  these  must  first  be  reduced  to  the  chromic  salt.  For 
this  purpose,  add  10  to  15  cc.  of  hydrochloric  acid  and  a  small  amount  of  alcohol 
to  the  solution  and  heat  on  the  water  bath  or  hot  plate  for  a  few  minutes.  Heat 
to  boiling  and  precipitate  with  ammonia  as  directed  above.  The  reduction 
^y  also  be  done  by  boiling  with  sulphurous  acid. 

Separation  from  Sulphates 

Precipitate  the  sulphate  radical  as  BaSO*  by  the  addition  of  a  slight  excess 
0^  barium  chloride  to  the  hot  solution  as  directed  on  page  395  for  the  deter- 
^^^tion  of  SO4.  Remove  the  excess  of  barium  chloride  by  addition  of  anunonia 
*^d  ammonmm  carbonate. 

The  two  operations  may  be  combined  as  follows:  Add  a  slight  excess  of  bar- 
^  chloride  to  the  hot  solution  and  boil  for  a  few  minutes.  Then,  without 
^tering  off  the  BaSO*,  add  an  excess  of  ammonia  and  ammonium  carbonate, 
^ow  the  precipitate  to  settle,  filter,  and  wash  free  from  chlorides. 

Separation  from  Barium,  Calcium  and  Strontium 

To  the  not  too  concentrated  solution,  add  a  sUght  excess  of  ammonia  and 
^'^onium  carbonate,  heat  to  boihng,  allow  the  precipitate  to  settle,  filter  and 
?^h  the  residue  a  few  times  with  hot  water.  Dissolve  the  precipitate,  which 
^  likely  to  contain  sniall  amounts  of  the  alkalies,  in  a  little  dilute  hydrochloric 
^id,  and  repeat  the  precipitation  with  ammonia  and  anunonium  carbonate, 
'ilter  and  wash  the  residue.  Evaporate  the  combined  filtrates  to  dryness  in  a 
Pfcttmum  or  porcelain  dish  and  ignite  cautiously  at  a  very  faint  red  heat  to 
^ove  ammonium  salts.  Dissolve  the  residue  in  a  little  water,  add  a  few  drops 
^  ammonia,  ammonium  carbonate,  and  anunonium  oxalate,  and  allow  to  stand 
'^r  several  hours  in  order  to  precipitate  the  last  traces  of  the  alkaline  earths. 
'Iter  and  wash  the  residue  free  from  chlorides. 
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Separation  from  Iron,  Aluminum,  Chrominmn,  Barium,  Calcium,  Strontium, 

Phosphates,  Sulphates,  etc.,  in  One  Operation 

To  the  hot  solution  add  a  slight  excess  of  barium  chloride  and  boil  for  a  few 
minutes.  Then,  without  filtering  off  the  BaS04,  add  an  excess  of  ammonia  and 
ammonium  carbonate,  heat  to  boiling,  and  allow  the  precipitate  to  settle.  Filter 
and  wash  free  from  chlorides  with  hot  water.  After  evaporating  the  filtrate  to 
dryness,  removing  the  ammonium  salts  by  ignition,  and  dissolving  the  residue 
in  a  little  water,  precipitate  the  last  traces  of  barium  and  calcium  by  addition  of 
a  few  drops  of  ammonia,  ammonium  carbonate,  and  ammonium  oxalate.  By  this 
procedure  a  small  portion  of  the  alkaUes  is  retained  by  the  precipitate  and  lost. 

Separation  from  Boric  Acid 

Acidify  the  solution  strongly  with  hydrochloric  acid  and  evaporate  to  dry- 
ness. Stir  up  the  residue  with  15  to  20  cc.  of  pure  methyl  alcohol  and  cau- 
tiously evaporate  on  a  water  bath  at  not  too  high  a  temperature.  Moisten  the 
residue  with  a  drop  or  two  of  concentrated  hydrochloric  acid,  add  15  cc.  of  methyl 
alcohol,  and  again  take  to  dryness.  Repeat  the  evaporation  with  methyl  alcohol 
a  third  time.  This  should  be  ample  for  the  complete  removal  of  ludf  a  gram 
of  3,0,. 

Separation  from  Magnesium 

Mercuric  Oxide  Method.^  After  removing  other  bases  and  acids,  evap- 
orate the  solution  of  the  chlorides  to  drjmess,  expel  ammonium  chloride  by 
gentle  ignition,  and  dissolve  the  residue — except  for  the  small  amount  of  mag- 
nesium oxide  present — by  warming  with  a  little  water.  Add  an  excess  of  mer- 
curic oxide  in  the  form  of  a  thin  paste  prepared  by  shaking  up  freshly  precipi- 
tated mercuric  oxide  in  water.  Evaporate  the  mixture  to  complete  dryness  on 
the  water  bath  with  frequent  stirring,  dry  thoroughly  and  ignite  gently  at  first 
and  then  more  strongly  until  all  the  mercuric  chloride  present  has  been  volatilized. 
(Be  careful  not  to  inhale  the  fumes.)  The  whole  of  the  unchanged  mercuric  oxide 
need  not  be  expelled  by  ignition.  Digest  the  residue,  composed  of  the  excess  of 
mercuric  oxide,  the  precipitated  magnesium  oxide,  and  the  alkali  chlorides,  with 
a  small  amount  of  hot  water,  filter  rapidly,  and  wash  with  successive  portions 
of  hot  water,  first  by  decantation  and  then  on  the  filter,  but  do  not  prolong  the 
operation  unnecessarily.  If  desired,  determine  the  magnesium  in  the  residue  by 
expelling  the  mercuric  oxide  by  ignition  and  weighing  the  magnesmm  oxide. 
Acidify  the  filtrate,  which  contains  the  alkalies,  with  hydrochloric  acid,  evaporate 
to  dryness,  gently  ignite,  cool  and  weigh.  If  the  residue  contains  a  small 
amount  of  magnesium,  as  it  usually  does,  determine  the  magnesium  in  an  aliquot 
and  apply  the  necessary  correction.  The  mercuric  oxide  should  be  tested  for 
alkalies  by  volatilizing  a  portion  and  testing  the  residue. 

The  Barium  Hydroxide  Methods  Evaporate  the  solution,  which  may  con- 
tain chlorides,  sulphates  or  nitrates,  to  dryness  and  gently  ignite  to  remove 
ammonium  salts.  Warm  the  residue  with  a  small  amount  of  water  and  treat 
the  hot  neutral  solution  so  obtained  with  barj^ta  water  until  no  more  precipitate 
is  formed  and  barium  hydroxide  remains  in  slight  excess.    Boil,  filter  and  wash 

*  Frescnius,  *'  Quantitative  Chemical  Anai>-sis,"  1,  610,  1908,  John  Wiley  &  Sons, 
New  York. 
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the  precipitate  with  hot  water.  If  desired,  determine  the  magnesium  in  the 
residue.  Treat  the  filtrate,  which  contains  the  alkalies,  barium  and  a  trace 
of  magnesium,  with  an  excess  of  ammonia  and  ammonium  carbonate  to  remove 
the  barium.  Acidify  the  filtrate  with  hydrochloric  acid  and  evaporate  to  dry- 
ness, ignite  and  weigh.  This  residue  will  contain  a  small  amount  of  magnesium 
which  may  be  determined  in  an  aliquot  and  a  correction  applied. 

Remark.    The  barium  hydroxide  method  is  applicable  in  the  presence  of 
Uthium. 

The  Ammonium  Phosphate  Method.^  To  the  hot  solution,  add  an  excess  of 
ammonia  and  ammonium  chloride,  and  precipitate  the  magnesium  by  adding  a 
slight  excess  of  ammonium  phosphate.  Allow  the  mixture  to  stand  an  hour 
or  so,  filter  and  wash  the  residue  with  2%  ammonia  solution.  Expel  most  of  the 
free  ammonia  from  the  filtrate  by  evaporation,  acidify  very  slightly  with  hydro- 
chloric acid,  and  add  an  excess  of  ferric  chloride  solution,  which  should  color 
the  solution  slightly  yellow.  Neutralize  the  solution  with  ammonium  carbonate, 
heat  to  boiling,  and  filter  off  the  basic  ferric  phosphate,  washing  the  residue  with 
^ot  water.  Evaporate  the  filtrate  to  dryness,  ignite  to  expel  ammonium  salts, 
and  determine  the  alkalies  in  the  residue.  Magnesium  may  also  be  separated  by 
precipitation  as  magnesium  am.monium  arsenate  *  or  magnesium  ammonium 
carbonate.* 

Separation  of  the  Alkali  Metals  from  One  Another 

Separation  of  Sodium  from  Potassium 

After  weighing  the  sodium  and  potassium  together  as  chlorides,  dissolve  the 
"^idue  in  water  and  precipitate  the  potassium  as  chloroplatinate  or  perchlorate 
^cording  to  one  of  the  methods  detailed  under  Dctennination  of  Potassium. 

Separation  of  Lithium  from  Sodium  and  Potassium 

Extract  the  dry  chlorides  with  amy  I  alcohol  as  prescribed  under  the  Gooch 
"^^od,  or  with  alcohol  saturated  with  hydrochloric  acid  gas  as  detailed  under 
^^e  Rammelsberg  method. 

^^paration  of  Lithium  and  Sodium  from  Potassium,  Rubidium,  and  Caesium 

Precipitate  the  potassium,  rubidium,  and  caesium  as  chloroplatinates  as 
^^ribed  under  the  chloroplatinate  method  for  the  estimation  of  potassium. 
Evaporate  the  filtrate  to  dryness  and  ignite  gently  with  a  little  oxalic  acid  to 
'^Uce  the  platinum,  or  else  dissolve  the  residue  in  water  and  pass  a  current  of 
hydrogen  through  the  hot  solution  to  reduce  the  platinum.    In  any  case,  filter 

the  reduced  platinum  and  determine  lithium  and  sodium  in  the  filtrate. 

*  Fresenius,  op.  cit. 

*  Browning  and  Drushel,  Am.  J.  Sci.  (4),  28,  293,  1907. 


348     POTASSIUM,  SODIUM  AND  OTHER  ALKALIES 

METHODS  FOR  DETERMINATION  OF  SODIUM 
Determination  as  Sodium  Chloride 

Sodiuin  is  commonly  weighed  as  NaCl  when  it  is  already  present  as  such  or 
after  conversion  of  other  forms  into  the  chloride.  In  the  ease  of  salts  of  volatile 
acids,  such  as  nitrates  for  instance,  the  transformation  is  made  by  evaporating 
the  solution  to  dr3aiess  with  hydrochloric  acid  repeatedly  or  until  only  the  chloride 
remains.  When  the  sodium  is  present  as  a  salt  of  a  non-volatile  acid,  the  latter 
is  removed  and  the  transformation  effected  according  to  the  methods  under 
Separations. 

Usually  the  solution  in  which  sodium  chloride  is  to  be  determined  will  con- 
tain ammonium  siilts  f  n)m  some  previous  operation.  In  such  cases,  proceed  as 
follows:  Evaporate  the  sodium  chloride  solution,  which  must  cont-ain  no  other 
non-volatile  substance,  in  a  platinum  dish  to  complete  dryness  on  the  water  bath. 
Cover  the  dish  with  a  watch-glass,  and  cautiously  dry  the  residue  in  an  air  bath 
at  110  to  130°  C.  Make  sure  that  no  loss  of  sodium  chloride  is  sustained  by 
decrepitation  during  drying  and  subsequent  ignition.  Heat  the  dish  and  contents 
over  a  free  flame  held  in  the  hand  and  m.oved  back  and  forth  under  the  dish  in 
order  to  remove  ammonium  salts.  But  to  avoid  loss  of  sodium  chloride  by 
volatilization,  take  care  not  to  heat  the  dish  to  n^.ore  than  a  faint  redness  in  any 
one  spot  and  not  to  raise  the  temperature  of  the  salt  above  incipient  fusion.  Cool 
the  residue,  dissolve  it  in  a  little  water,  and  filter  from  the  carbonaceous  matter 
into  a  weighed  platinum  dish.  Acidify  the  filtrate  with  hydrochloric  acid  and 
evaporate  it  to  dryness  on  the  water  bath.  Dry  the  residue  at  100  to  130*  C  in 
an  air  bath,  ignite  cautiously  over  a  free  flame,  taking  the  precautions  mentioned 
above  to  prevent  loss  of  sodium  chloride,  cool  in  a  desiccator,  and  weigh. 

Determination  as  Sodium  Sulphate 

Sodium  is  often  deteniiinod  by  weighing  as  Na2S04  when  it  is  present  as  such 
or  after  conversion  of  other  foniis  into  the  sulphate.  In  the  case  of  salts  of  vohir 
tile  acids,  the  change  into  the  sulphate  is  made  by  simply  evaporating  the  solu- 
tion with  a  slight  excess  of  sulphuric  acid.  With  salts  of  non-volatile  acids,  the 
transfonuation  is  effected  according  to  the  methods  under  Separations.  When 
the  sodium  is  present  as  an  organic  salt,  the  substance  is  m.oistened  with  con- 
centrated sulphuric  acid  and  carefully  heated  over  a  free  flame  until  fumes  ceafi^ 
to  come  off.  The  residue  is  dissolved  hi  water  and  filtered  from  the  carbonaceous 
matter. 

As  a  rule  the  solution  in  which  sodium  sulphate  is  to  Ix;  determined  will  con- 
tain an  excess  of  sulphuric  acid.  In  such  cases,  evajwrate  the  solution  to  diyne* 
in  a  weighed  platinum  dish,  and  cautiously  ignite  the  dry  residue  until  fumo^ 
cejise  to  come  off.  Cool,  add  a  lump  of  aimnonium  carbonate  to  the  cont-entsof 
tlie  dish,  and  ignite  a  second  thue  at  dull  red  heat  until  no  more  fumes  are  givea 
off.  Cool  in  a  desiccator  and  weigh  jis  Naj804.  Repeat  the  ignition  with  the 
addition  of  anunonium  carbonate  until  a  constant  weight  is  obtained. 

In  case  an  excess  of  sulphuric  acid  is  not  present,  evaporate  the  solution  to 
drvness  in  a  weighed  platinum  dish,  ignite,  cool  in  a  desiccator  and  wei^  ^ 
Na,S04. 
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Determination  by  Difference 

Ordinarily  sodium  and  potassium  are  weighed  together  as  chlorides  or  sul- 
phates as  detailed  above  for  sodium.  Potassium  is  then  determined  by  one  of 
the  methods  given  below,  and  the  value  for  sodium  obtained  by  difference. 


METHODS  FOR  DETERMINATION  OF  POTASSIUM 

Determination  as  Potassium  Chloride  or  Potassium  Sulphate 

Potassium  may  be  weighed  as  chloride  or  sulphate.  The  procedure  is  the  same 
as  that  described  for  sodium.  Observe,  however,  that  the  potassium  salts  are  a 
little  more  volatile  than  the  corresponding  sodium  salts,  so  that  greater  care 
must  be  taken  not  to  lose  potassium  by  volatilization. 

The  Chloroplatinate  Method 

Application.  This  method  is  applicable  in  the  presence  of  the  chlorides  of 
sodium,  lithium,  magnesium,  calcium,  and  strontium. 

Principle.  Potassium  chloroplatinate  is  practically  insoluble  in  strong  alcohol 
while  the  other  chloroplatinates  are  readily  soluble. 

Procedure.  Treat  the  aqueous  solution  of  the  alkali  chlorides  contained 
in  a  small  porcelain  dish  with  slightly  more  than  enough  chloroplatinic  acid  to 
convert  all  the  chlorides  present  into  the  corresponding  chloroplatinates.  The 
chloroplatinic  acid  solution  should  contain  the  equivalent  of  1  gram  of  platinum 
in  each  10  cc.  ^  Evaporate  the  solution  on  the  steam  bath  to  a  syrupy  consistency, 
i.e.,  until  solidification  occurs  on  cooling.  Flood  the  cooled  residue  with  a  small 
quantity  of  alcohol  of  at  least  80%  strength,  grind  thoroughly  with  a  pestle  made 
by  enlai^ng  the  end  of  a  glass  rod,  and  allow  to  stand  one-half  hour.  Pour  the 
liquid  through  a  previously  weighed  Gooch  crucible  containing  an  asbestos  mat, 
and  before  adding  more  alcohol,  rub  up  the  residue  again  with  the  glass  pestle. 
Now  continue  the  washing  by  decantation  with  small  portions  of  alcohol  until 
the  wash  liquid  becomes  colorless.  Transfer  the  precipitate  to  the  crucible  and 
wash  two  or  three  times  with  alcohol.  Dry  at  130®  C,  cool  in  a  desiccator,  and 
weigh.  Repeat  the  drying  until  a  constant  weight  is  obtained.  Multiply  the 
weight  of  KjPtCU  by  0.161  to  obtain  the  weight  of  K;  by  0.194  to  obtain  KaO; 
and  by  0.307  to  obtain  KCl. 

Remarks.  This  method  is  considered  to  be  the  most  accurate  known  for 
the  estimation  of  potassium.  Care  should  be  taken  not  to  conduct  the  evapora- 
tion at  too  high  a  temperature  nor  let  it  go  too  far,  as  this  may  cause  the  forma- 
tion of  anhydrous  sodium  chloroplatinate,  which  dissolves  slowly  in  alcohol. 
Too  large  a  volume  of  alcohol  for  washing  should  be  avoided,  as  KzPtCle  is 
slightly  BolubljB  in  alcohol,  especially  that  of  80%.  For  this  reason  95%  alcohol 
is  preferable  for  the  washing. 

Instead  of  using  a  Gooch  crucible,  the  precipitate  may  be  filtered  on  paper, 
dried,  washed  through  the  filter  with  hot  water  into  a  weighed  platinum  dish, 
e\'aporated  to  dryness,  and  heated  at  130°  C.  to  constant  weight. 

*  For  methods  of  preparing  chloroplatinic  acid  from  scrap  platinum  and  from  plati- 
num residues,  see  Precht,  Z.  Anal.  Onem.,  18,  609,  1879;  Vogel  and  Haefcke,  Landw. 
Vers.  8ta.,  47,  134,  1896. 
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The  Modified  Chloroplatinate  Method  ^ 

Application.  The  method  is  applicable  in  the  presence  of  chlorides,  sul- 
phates, phosphates,  nitrates,  carbonates,  borates  and  silicates,  salts  of  sodium, 
barium,  calcium,  strontium,  magnesium,  iron  and  alumina,  and  is  especially 
suited  for  the  estimation  of  potassium  in  salines,  potassium  salts,  and  fertilizers 
in  which  only  the  potassium  is  desired. 

Principle.  On  evaporating  a  solution  containing  potassiiun  with  a  sli^t 
excess  of  chloroplatinic  acid,  the  potassium  is  completely  transformed  into 
potassiun\  chloroplatinate  which  is  insoluble  in  strong  alcohol,  while  any  of  the 
other  chloroplatinates  which  may  be  formed  are  either  dissolved  or  decomposed  by 
alcohol,  so  that  the  excess  of  chloroplatinic  acid  may  be  readily  removed.  After 
dissolving  the  K^PtCle  along  with  any  other  soluble  salts  contained  in  the  residue 
in  hot  water,  the  platinum  is  precipitated  from  the  solution  by  magnesium,  and 
from  the  weight  of  platinum  so  obtained,  the  amount  of  potassium  present  is 
calculated. 

Procedure.  To  the  solution  slightly  acidified  with  hydrochloric  acid,  add 
chloroplatinic  acid  solution  slightly  in  excess  of  that  necessary  for  the  complete 
precipitation  of  the  potassium  present  and  evaporate  the  solution  on  the  steam 
bath  to  a  syrupy  consistency,  i.e.,  until  solidification  occurs  on  cooling.  Flood 
the  cooled  residue  with  a  small  quantity  of  alcohol  of  at  least  80%  strength,  grind 
thoroughly  with  a  pestle  made  by  enlarging  the  end  of  a  glass  rod,  and  allow  to 
stand  one-half  hour.  The  alcoholic  solution  should  be  colored  if  an  excess  of 
chloroplatinic  acid  has  been  used.  Pour  the  liquid  through  a  small  filter,  using 
suction  if  desired,  and  before  adding  more  alcohol,  rub  up  the  residue  again  Mrith  the 
pestle.  Now  continue  the  washing  by  decantation  with  small  portions  of  alcohol 
until  the  wash  licjuid  becomes  colorless.  Three  or  four  washings  usually  suffice. 
Transfer  the  precipitate  to  the  filter  and  wash  two  or  three  times  with  alcohol. 

Dissolve  the  precipitate  of  K2PtCl6  along  with  any  other  soluble  salts  present 
in  hot  water,  wasliing  it  through  the  filter  into  a  beaker  of  convenient  size.  To 
the  hot  solution  add  about  1  cc.  of  concentrated  HCl  and  approximately  0.5 
gram  magnesium  ribbon  pressed  into  the  form  of  a  ball  for  every  0.2  gram  potas- 
sium present,  stirring  the  solution  and  holding  the  magnesium  at  the  bottom  of 
the  beaker  by  means  of  a  glass  rod.  When  the  action  has  practically  ceased,  add 
a  few  cc.  of  hydrochloric  acid  and  allow  the  fluocculent  platinum  to  settle,  pref- 
erably by  allowing  the  beaker  to  set  for  an  hour  on  the  hot  plate.  The  super- 
natant li(iuid  should  be  perfectly  clear  and  limpid  like  water  if  reduction  is  com- 
plete. To  make  sure,  add  more  magneshmi,  in  which  case  the  solution  will  darken 
if  reduction  be  inconii)lete.  To  the  completely  reduced  solution,  add  concentrated 
hydrochloric  acid,  and  boil  to  dissolve  any  basic  salts,  filter  on  paper  or  a  Gooch, 
wash  thoroughly  with  hot  water,  ignite  in  platinum  or  porcelain  and  weigh.  Mul- 
tiply the  weight  of  the  platinum  so  obtained  by  0.4006  to  obtain  the  weight 
of  K;  by  0.4S2()  to  obtain  KjO;  and  by  0.7630  to  obtain  KCl. 

Remarks.  If  the  solution  contains  ver>'  large  amounts  of  iron,  alumina, 
or  silica,  it  is  iK'i-ferable  to  remove  the  greater  part  of  these  before  proceeding  to 
the  doteniiination  of  potassium.  Care  should  be  taken  to  insure  the  complete 
removal  of  the  soluble  chloroplatinates  from  the  residue  wnthout  the  use  of  an 

^Ilicks,  J.  Ind.  Eng.  Chen).,  o,  G50,  1913.  A  good  bibliography  on  reductioQ 
methods  is  contained  in  this  article. 
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Kcessive  amount  of  alcohol,  and  also  that  the  subsequent  reduction  of  the  potas- 
um  chloroplatinate  with  magnesium  be  complete. 

Lindo-QIadding  Method  ^ 

Application.  This  method  is  applicable  in  the  presence  of  chlorides,  sul- 
iiates,  and  phosphates  of  the  alkalies  and  magnesium. 

Principle.  The  potassium  is  precipitated  as  K2PtCl6,  and  the  soluble  chloro- 
Ifttinates  removed  by  washing  with  80%  alcohol.  The  impurities  in  the  precip- 
ate  are  then  washed  out  by  a  strong  solution  of  ammonium  chloride  saturated 
ith  KxPtCle,  and  the  wash  solution  is  removed  by  again  washing  with  alcohol. 
he  purified  K^PtCle  is  finally  dried  and  weighed. 

Procedure.  To  the  solution,  slightly  acidified  with  hydrochloric  acid,  add 
^  excess  of  chloroplatinic  acid  solution,  and  evaporate  on  the  water  bath  to  a  thick 
a«te.  Treat  the  residue  with  80%  alcohol,  avoiding  the  absorption  of  ammonia, 
►'^ash  the  precipitate  thoroughly  with  80%  alcohol  both  by  decantation  and  on 
^e  filter,  continuing  the  washing  after  the  filtrate  is  colorless.  Wash  finally 
^th  10  cc.  of  anunonium  chloride  solution  prepared  as  follows:  Dissolve  100 
^'ams  of  pure  ammonium  chloride  in  500  cc.  of  water,  add  from  5  to  10  grams  of 
^tassium  chloroplatinate,  and  shake  at  intervals  of  six  to  eight  hours.  Allow 
^e  mixture  to  settle  over  night  and  filter.  Repeat  the  washing  with  successive 
^rtions  of  the  ammonium  chloride  solution  five  or  six  times  in  order  to  remove 
^e  impurities  from  the  precipitate.  Wash  again  thoroughly  with  80%  alcohol, 
""y  for  thirty  minutes  at  100°  C.  and  weigh  as  KaPtCU.  The  precipitate  should 
^  perfectly  soluble  in  water.  Multiply  the  weight  of  KjPtCle  by  0.161  to  obtain 
^e  weight  of  K;  by  0.104  to  obtain  K2O;  and  by  0.307  to  obtain  KCl. 

The  Perchlorate  Method  2 

Application.  This  method  is  applicable  in  the  presence  of  chlorides  and 
titrates  of  barium,  calcium,  magnesium  and  the  alkali  metals,  and  also  in  the 
^^^sence  of  phosphate.    Sulphates  should  not  be  present. 

Principle.  The  separation  depends  on  the  insolubility  of  potassium  perchlor- 
ate, and  the  solubility  of  sodium  and  other  perchlorates  in  97%  aclohol. 

Procedure.  To  the  neutral  or  slightly  acidified  solution,  add  twice  as  much 
perchloric  acid  •  as  is  required  to  convert  all  the  bases  present  into  perchlorates 
^"rf  evaporate  on  the  water  bath  with  stirring  to  a  syrupy  consistency.  Add  a 
tetle  hot  water  and  continue  the  evaporation  with  constant  stirring  until  all  the 
hydrochloric  acid  is  expelled  and  heavy  fumes  of  perchloric  acid  are  given  off.  If 
'^^cessary,  replace  the  perchloric  acid  lost  by  volatilization.  Stir  up  the  cooled 
''^ass  thoroughly  with  20  cc.  of  97%  alcohol  to  which  0.2%  perchloric  acid  has 
"^n  added,  but  avoid  breaking  up  the  potassium  perchlorate  crystals  too  finely 
®f  else  they  may  pass  through  the  filter.  Allow  the  mixture  to  settle,  and  decant 
'we  alcohol  off  through  a  Gooch  crucible.  Wash  several  times  with  wash-alcohol, 
*'Jtl  transfer  the  precipitate  to  the  filter.  Wash  with  50  to  75  cc.  of  pure  97% 
^l^^ohol.  drv  at  130*  C.  and  weigh.  Multiply  the  weight  of  KCIO4  by  0.2825  to 
<*tain  the  weight  of  K;  by  0.3402  to  obtain  K,0;  and  by  0.5382  to  obtain  KCl. 

'U.  S.  E>eT>t.  Agri.,  Bu.  Chem.  Bull.  107  (revised),  11,  1907. 

MVcnse,  Zeit.  Angew.  Chem.,  691,  1891;  233,  1892.    Caspari,  Zeit.  Angew,  Chem., 

'  For  the  preparation  of  perchloric  acid  see  Willard,  J.  Am.  Chem.  See,  84,  1480, 
^^^12;  Kreider,  Am.  J.  8ci.,  (3),  49,  443,  1895.     3.  Anorg.  Chera.,  9,  342,  1895. 
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Other  Methods 

Among  the  more  important  of  other  methods  which  have  been  proposed 
and  used  for  the  determination  of  potassium,  may  be  mentioned  the  cobaltinitrite 
method,^  which  has  been  studied  by  the  Association  of  Official  Agricultural  Chem- 
ists and  considered  to  be  unreliable; '  the  bitartrate  method; '  the  colorimetric 
method; «  and  the  spectroscopic  method.* 

Determination  of  Sodium  and  Potassium  by  Indirect  Method 

After  removing  all  other  constituents,  weigh  the  sodium  and  potassium  as  chlor- 
ides. Dissolve  the  weighed  residue  in  water  and  determine  the  chlorine  gravi- 
metrically  by  precipitation  as  AgCl  or  volumetrically  by  titration  with  standard 
silver  nitrate  (potassium  chromate  indicator).  From  the  weight  of  the  combined 
salts  and  the  weight  of  the  chlorine,  calculate  the  amount  of  sodium  and  potas- 
sium as  follows: 

Let  a:  -  weight  of  XaCl +KC1  • 

2/ =  weight  of  CI. 
Then  Na  =  3.0042/  - 1 .428a:; 

K=2.428x-4.004i/. 

The  method  is  satisfactory  when  sodium  and  potassium  are  present  in  about 
equal  quantities. 

Determination  of  Magnesium,  Sodium  and  Potassium   in  the 

Presence  of  One  Another 

In  the  usual  course  of  analysis,  magnesium,  sodium  and  potassium  are  sepa- 
rated as  chlorides  from  all  other  constituents.  Instead  of  going  through  the 
tedious  process  of  separating  the  magnesium  from  the  alkalies,  the  magnesium, 
sodium,  and  potassium  may  be  accurately  determined  in  the  presence  of  each 
other  as  follows: 

Treat  the  solution  containing  these  constituents  with  slightly  more  than 
enough  sulphuric  acid  to  convert  all  three  bases  into  sulphates,  evaporate  it  to 
dryness  on  the  water  bath,  and  ignite  gently  at  first  and  then  at  dull  red  heat  to 
break  up  bLsulphates  and  expel  the  excess  of  sulphuric  acid.  To  hasten  the 
decomposition  of  the  bisulphates,  cool,  add  a  lump  of  anunonium  carbonate, 
and  heat  a  second  time.  Cool  in  a  desiccator  and  weigh.  Repeat  the  heating 
with  the  addition  of  ammonium  carbonate  until  a  constant  weight  is  obtained. 
Dissolve  the  residue  in  water  and  dilute  to  definite  volume.  Determine  the 
potassium  in  one  portion  according  to  one  of  the  methods  described  above,  and 
the  magnesium  in  a  second  portion  as  described  on  page  265.  Deduct  the 
weight  of  magnesium  and  potassium  sulphates  from  the  weight  of  the  combined 
sulphates  to  obtain  the  amount  of  sodium  sulphate. 

1  Addie  and  Wood,  J.  Chem.  Soc,  77,  1076,  1900;  Drushel,  Am.  J.  Sci.  (4),  24, 
433,  1907;  26,  329,  555,  190S:  Bowser,  J.  Am.  Chem.  Soc,  83,  1752,  1911. 

*  U.  S.  Dept.  Agri.  Bu.,  Chem.,  Bull.  132,  137,  152,  159. 

•Bayer,  Chem.  Zeit.,  17,  686,  1893. 

♦Cameron  and  Failyer,  J.  Am.  Chem.  Soc,  25,  1063, 1903;  Hill,  J.  Am.  Chem. Soc, 
25,  990,  1903. 

•Gooch  and  Hart,  Am.  J.  Sci.  (3),  24,  448,  1891. 
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METHODS  FOR  DETERMINATION  OF  LITHIUM 

Determination  as  Lithium  Chloride 

Lithium  may  be  weighed  as  LiCl.  The  procedure  is  practically  the  same 
as  that  described  for  sodium,  but  since  lithium  chloride  is  very  hygroscopic,  this 
salt  must  be  weighed  out  of  contact  with  the  air.  For  this  purpose  the  lithium 
chloride  is  ignited  in  a  platinum  crucible,  cooled  in  desiccator,  and  the  crucible 
and  contents  weighed  in  a  glass-stoppered  weighing  bottle. 

Determination  as  Lithium  Sulphate 

Lithium  is  weighed  preferably  as  LijS04.  The  procedure  is  the  same  as  that 
l^escribed  for  sodium,  but  since  lithium  bisulphate  is  easily  broken  up  on  heating, 
»t  is  not  necessary  to  ignite  with  ammonium  carbonate. 

The  Qooch  Method  ^ 

Principle.  Lithium  chloride  is  readily  soluble  in  amyl  alcohol,  while  sodium 
^^d  potas.sium  chlorides  are  not. 

Procedure.    Concentrate  the  solution  as  far  as  possible  by  evaporation, 
transfer,  it  to  a  50-cc.  Erlenmeyer  flask,  add  a  small  amount  of  amyl  alcohol  and 
heat  cautiously  on  an  asbestos  plate  until  the  water  has  been  expelled  and  the  boil- 
^g-point  of  the  solution  rises  to  about  that  of  pure  amyl  alcohol  (132°  C). 
To  prevent  bumping  during  this  treatment,  pass  a  current  of  dry  air  through  the 
8f>lution.    When  all  the  water  has  been  removed,  the  sodium  and  potassium 
chlorides,  together  with  some  LiOH  will  separate  from  the  solution.    Decant  the 
solution  through  a  filter  and  wash  the  residue  several  times  with  hot  amyl 
alcohol.    Moisten  the  residue  with  dilute  hydrochloric  acid,  dissolve  in  a  little 
water  and  repeat  the  extraction  with  amyl  alcohol.    If  much  lithium  chloride 
is  present,  it  will  be  necessary  to  repeat  the  extraction  with  amyl  alcohol  three  or 
four  times.    Evaporate  the  combined  filtrates  and  washings  to  dryness  and  dis- 
solve in  a  little  dilute  sulphuric  acid.    Filter  from  the  carbonaceous  matter  into 
a  weighed  platinum  dish,  evaporate  to  dryness,  and  remove  the  excess  of  sulphuric 
acid  by  gentle  heating.    Ignite  the  residue  at  dull  redness,  cool  in  a  desiccator, 
and  weigh  as  11x804. 

Remarks.  For  very  accurate  work,  account  must  be  taken  of  the  fact  that 
the  lithium  sulphate  obtained  according  to  the  procedure  just  described  always 
contains  small  amounts  of  potassium  and  sodium  sulphates,  if  these  metals 
were  originally  present.  To  correct  for  this,  deduct  0.00041  gram  for  every  10  cc. 
of  the  filtrate  exclusive  of  the  washings  in  case  only  sodium  chloride  was  present, 
or  O.00051  if  only  potassium  chloride  was  present,  and  0.00092  if  both  sodium  and 
potassium  chlorides  were  present. 

»  Ppoc.  Am.  Acad.  Arts.  Sci.,  22  (N.  S.  14).  177, 1886. 
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The  Rammelsberg  Method  ^ 

Principle.  Anhydrous  lithium  chloride  is  soluble  in  equal  parts  of  alcohol 
and  ether  which  have  been  saturated  with  hydrochloric  acid  gas,  while  the 
chlorides  of  sodium  and  potassium  are  practically  insoluble  in  this  mixture. 

Procedure.  Evaporate  the  solution  of  the  chlorides  to  dryness  in  a  small 
flask  provided  with  a  two-hole  stopper.  During  the  evaporation,  pass  a  current 
of  dry  air  through  the  flask.  Place  the  flask  containing  the  dry  residue  in  an  oil 
or  air  bath  and  heat  for  half  an  hour  at  140  to  150°  C,  during  which  time  pass 
dry  hydrochloric  acid  gas  through  the  flask.  Cool  in  a  current  of  hydrochloric 
acid  gas,  treat  the  residue  with  a  few  cc.  of  absolute  alcohol  which  has  been  satu- 
rated with  hydrochloric  acid  gas,  and  add  an  equal  volume  of  absolute  ether. 
Close  the  flask  tightly  and  allow  it  to  stand  with  frequent  shaking  for  twelve 
hours.  Pour  the  solution  through  a  filter,  wet  with  the  alcohol-ether  mixture  and 
wash  the  residue  three  times  by  decantation  with  the  alcohol-ether  mixture. 
Add  a  few  more  cc.  of  the  alcohol-ether  saturated  with  hydrochloric  acid  gas 
to  the  contents  of  the  flask  and  allow  to  stand  again  for  twelve  hours.  Pour  the 
liquid  through  a  filter,  and  wash  the  residue  by  decantation  with  the  alcohol- 
ether  mixture  until  the  residue  tested  in  the  spectroscope  shows  the  complete 
absence  of  lithium.  Carefully  evaporate  the  combined  alcohol-ether  extract  to 
dryness  on  a  lukewarm  water  bath.  Dissolve  the  residue  in  sufllicient  dilute 
sulphuric  acid  to  convert  all  the  lithium  into  the  sulphate,  transfer  the  solution 
to  a  weighed  platinum  disli,  evaporate  to  dryness  on  the  water  bath,  and  finally 
ignite  gently.    Cool  the  residue  in  a  desiccator  and  weigh  as  lithium  sulphate. 

Note,  l^ithium  may  also  be  precipitated  and  weighed  as  LijPO*,'  or  it  may  be  pre- 
cipitated as  Lip'  and  then  changed  into  the  sulphate  and  weiglied. 

Spectroscopic  Method'^ 

Dissolve  the  lithium  salt  containing  small  amounts  of  sodium  and  p>otassium 
resultuig  from  the  separation  by  the  Gooch  or  Rammelsberg  methods  in  5  or  10  cc. 
of  water,  depending  on  the  amount  of  lithium  present.  Gradually  add  measured 
amounts  of  this  solution  to  a  known  volume  of  water — testing  the  solution  from 
time  to  time  in  the  spectroscope — until  the  lithium  line  appears.  When  only 
traces  of  lithium  are  present,  it  is  better  to  dissolve  the  lithium  salt  in  a  little 
water  and  dilute  to  the  vanishing  point  of  the  lithium  line.  Make  the  spectro- 
scopic examination  as  follows:  Prepare  a  loop  by  winding  a  platinum  wire  four 
times  around  a  No.  10  wire.  Plunge  the  loop  into  the  solution,  and  remo>*e 
with  the  axis  parallel  to  the  surface  of  the  water.  Evaporate  the  drop  to  dr}'- 
ness  carefully,  ignite  in  the  Bunsen  flame,  and  observe  through  a  good  spectro- 
scope. 

Before  undertaking  the  determination,  standardize  the  instrument  and  plati- 
num loop  by  carrj'ing  out  the  determination  with  known  amounts  of  lithium. 

The  method  gives  satisfactory  results  when  only  an  approximation  is  desired. 
For  weighiihlo  amounts  of  lithium,  the  Gooch  method  is  preferable. 

1  Trcadwcll,  "  Analytical  C^hcmLstry,"  2,  55, 1911.     John  Wiley  &  Sons,  X.  Y. 

»Mavcr,  Ann.  Chcni.  Pharm.,  98,  193,  1856.  Merling,  3  Anal.  Cbem  ,  18,  563, 
1879. 

'Carnot,  3  Anal,  (^hom.,  29,  332,  1890. 

*  Skinner  and  C.-ollins,  U.  8.  Dept.  Agri.  Bu.  Chem.,  Bull.  153.  A  good  bibliography 
is  included  in  this  bulletin. 
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determination  of  Sodium,  Potassium,  and  Lithium  in  the  Pres- 
ence of  One  Another 

Weigh  the  combined  baaes  as  sulphates,  nbserving  the  pi«cautionB  detailed 
inder  Determination  of  Sodium,  dissolve  in  water  and  dilute  to  definite  vol- 
une.  In  one  portion  determine  the  potassium  and  in  &  second  portion  determine 
tie  lidkium  by  the  Gooch  or  Rammelsberg  method.  Obtain  the  value  for  the 
lodium  by  difference. 


Platinum 

Crucible 

8cr77.xl.Scm. 


Determination  of  the  Alkalies  in  Silicates 

J.  Lawrence  Smith  method  ' 

Principle.  By  heating  the  substance  with  1  part  ammonium  chloride  and 
\  parts  calcium  carbonate,  and  leaching  the  sintered  mass  with  water,  the  alka- 
ies  are  obtained  in  solution  in  the  form  of  chlorides  along  with  some  calcium, 
vhile  the  remaining  metals  are  for  the  most  part  left  behind  as  insoluble  oxides, 
md  the  silica  is  changed  to  calcium  silicate. 

Procedure.  Triturate  0.5  gram  of  the  finely  powdered  mineral  with  an  equal 
luantity  of  pure  ammonium  chloride  in  an  agate  mortar,  add  3  grams  of  pre- 
dpitated  calcium  carbonate  •  and  mix  intimately  with  the  former.  Transfer  the 
nixture  to  a  platinum  crucible  (pref- 
trably  the  J.  Lawrence  Smith  alkali 
rrucible),  rinse  the  mortar  with  1 
;ram  of  calcium  carbonate  and  add 
.0  the  contents  of  the  crucible, 
'lace  the  covered  crucible  in  a  ^'^l^y -\ 
.li^tly  inclined  position  with  the  ^''"'^'' 
op  protected  from  the  heat  of  the 
lame  This  can  be  done  by  settii^ 
he  crucible  in  a  hole  in  a  cylinder 
A  fire  clay,  aa  shown  in  Fig.  56. 
gradually  heat  the  crucible  over  a 
mall  flame  until  no  more  ammonia 
B  evolved,  but  avoid  heating  suffi- 
aentiy  to  cause  the  evolution  of 
unmonium  chloride.  This  should 
equire  about  fifteen  minutes.  Then 
aise  the  temperature  until  finally 
be  tower  three-fourths  (and  no 
aoie)  of  the  crucible  is  brought  to 
I  red  beat,  and  maintain  this  tem- 
lerature  for  one  hour.  Allow  the  crucible  to  cool  and  remove  the  sintered  cake 
ly  gently  tapping  the  inverted  crucible.  Should  this  not  be  possible,  digest 
he  mass  a  few  minutes  with  water  to  soften  the  cake,  and  then  wash  it  into 
i  large  porcelain  or  platinum  dish.  Heat  the  covered  dish  with  50  to  75  cc. 
if  water  for  half  an  hour,  reduce  the  large  particles  to  a  fine  powder  by  rubbing 

•  Am.  J.  Sci.  (3)j  1,  269, 1871 ;  Hillebrand,  U.  S.  Geol.  Survey  BUll.  422, 171,  1910. 

*  Blank  detcTminationa  should  be  run  on  the  calcium  carbonate,  and  corrections 
Oftde  for  its  slkali  content. 


Fia.  66. 
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with  a  pestle  in  the  dish,  and  decant  the  clear  solution  through  a  filter. 
Wash  the  residue  four  times  by  decantation,  transfer  it  to  a  filter,  and  wash 
with  hot  water  until  a  few  cc.  of  the  washings  give  only  a  slight  turbidity  with 
silver  nitrate.  To  make  sure  the  decomposition  of  the  mineral  has  been  com- 
plete, treat  the  residue  with  hydrochloric  acid.  No  trace  of  undecompoeed  min- 
eral should  remain  undissolved. 

The  aqueous  extract  obtained  in  the  above  operation  contains  the  chlorides 
of  calcium  and  the  alkalies.  To  remove  the  calcium,  treat  the  solution  with 
ammonia  and  ammonium  carbonate,  heat  to  boiling,  filter  and  wash  the  residue. 
As  this  precipitate  invariably  retains  some  alkali  salts,  it  should  be  dissolved  in 
hydrochloric  acid  and  the  precipitation  repeated.  Evaporate  the  filtrate  to  dry- 
ness in  a  platinum  or  porcelain  dish,  and  expel  the  ammonium  salts  by  gentle 
ignition  over  a  moving  flame.  After  cooling^  dissolve  the  residue  in  a  little 
water,  and  add  a  few  drops  of  ammonia  and  ammonium  oxalate  to  remove  the 
last  trace  of  calcium.  After  standing  several  hours,  filter  off  the  calcium  oxalate, 
receive  the  filtrate  in  a  weighed  platinum  dish,  evaporate  to  dryness  and  ignite 
gently  to  remove  ammonium  salts.  Moisten  the  cooled  mass  with  hydrochloric 
acid  to  transform  any  carbonate  into  chloride,  and  again  evaporate  to  dryness 
and  ignite.  Cool  in  a  desiccator  and  weigh  the  combined  chlorides.  Dissolve 
in  water,  and  if  an  insoluble  residue  remains,  filter  off,  weigh  and  deduct  from 
the  weight  of  the  chlorides.  Determine  the  potassium  by  one  of  the  methods 
already  described,  and  obtain  the  value  for  sodium  by  difference. 

The  Hydrofluoric  Acid  Method^ 

Procedure.    Weigh  about  0.5  gram  of  the  finely  powdered  mineral  into  a  plati- 
num dish,  add  3  or  4  cc.  of  dilute  sulphuric  acid,  and  stir  up  the  mixture  with  a  plati- 
num rod.    After  cooling,  add  about  5  cc.  of  pure  concentrated  hydrofluoric  acid, 
and  evaporate  the  s()luti(m  on  the  water  bath,  frequently  stirring  with  the  plati- 
num rod,  until  the  hj'drofluoric  acid  is  expelled  and  no  more  hard  particles  can  be 
felt  at  the  bottom  of  the  dish.    Volatilize  the  greater  part  of  the  sulphuric  acid 
by  heating  to  make  sure  of  the  complete  removal  of  the  hydrofluoric  acid,  but  do 
not  remove  all  the  sulphuric  acid  in  order  to  avoid  the  formation  of  insoluble 
basic  salts.    Cover  the  cooled  mass  with  200  cc.  of  water,  and  digest  until  all  the 
residue  has  gone  into  solution.    Precipitate  the  sulphate  by  addition  of  a  slight 
excess  of  bariuni  chloride  solution,  and  without  filtering  off  the  barium  sul- 
phate, precipitate  the  aluminum,  calcium  and  excess  of  barium  by  treatment  with 
ammonia   and   ammonium  carbonate.    Allow  the  precipitate  to  settle,  filter, 
wash  four  times  by  decantation  and  then  on  the  filter  until  free  from  chlorides. 
Evaporate  the  filtrate  to  dryness,  and  remove  the  ammonium  salts  by  gentle 
ignition.     Dissolve  the  residue  in  a  little  water,  and  separate  the  magnesium 
according  to  one  of  the  methods  described  above.     Finally  weigh  the  alkalies  a* 
chlorides  or  sulphates.    Determine  the  potassium  in  the  residue  and  obtain  the 
value  for  sodium  by  difference. 

Determination  of  the  Alkalies  in  Alunite 

Thoroughly  mix  the  finely  powdered  mineral  with  an  equal  weight  of  pui^ 
silica,  and  proceed  as  directed  under  the  J.  Lawrence  Smith  method  for  the 

1  Treadwell,  op.  cit.,  p.  499. 
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determination  of  the  alkalies  in  silicates.  In  this  case,  however,  the  water  extract 
"will  contain  a  large  amount  of  sulphate,  which  should  be  removed  by  precipita- 
tion with  barium  chloride  solution  before  undertaking  to  separate  the  calcium. 

For  an  approximate  determination,  ignite  a  half  gram  of  the  powdered  mineral 
for  an  hour  or  so  at  low  red  heat,  cool,  leach  out  with  water,  evaporate  to  dryness, 
and  weigh  the  residual  sulphates.  If  sodium  is  present,  determine  the  potassium 
in  the  residue. 

Determination  of  the  Alkalies  Volumetrically 

Titration  with  Standard  Acid 

When  sodium  or  potassium  is  present  as  a  hydroxide  or  salt  of  a  weak  acid 
such  as  carbonate  or  borate,  either  metal  when  present  alone  may  usually  be  de- 
termined by  titration  with  standard  acid  and  methyl  orange. 

Titration  with  Standard  Silver  Nitrate 

The  alkalies  may  be  determined  when  present  alone -as  chloride  by  titration 
with  standard  silver  nitrate,  potassium  chromate  indicator. 


SELENIUM  AND  TELLURIUM 

Wilfred  W.  Scott 

o        A     A  .»#^A  S  amorphous  4JZSi  nup.  217**;)  .       ^,,^0  ^  -j 

Se.,  at.wt.  79.2;  Bp.gr.  ^  ^,^,,j^,,.^  ^^^.       "  f  b.p.  690^  C;  oxule 

SeOt;  aeidM,  H,SeOs,  HsSeOi. 

Te,  at.  wt.  127^;  ap.gr.  6.27;  m.p. 452*';^  b.p.  1390*' €.;  oxitfea TeO, TeO., 

TeOs;  acids,  HsTeOs,  HsTeO«. 

DETECTION 

Selenium  and  tellurium  appear  with  the  hydrogen  sulphide  subgroup  ele- 
ments in  the  ordinary  course  of  qualitative  analysis.  The  acid  solution  of  the 
material  is  treated  cold  with  HsS,  as  the  lemon-yellow  SeS,  formed  in  a  cold  solu- 
tion is  more  readily  soluble  in  alkaline  sulphide  solutions  than  the  orange-yellow 
SeSs  precipitated  from  hot  solutions.  Although  only  a  partial  separation  takes 
place  the  extract  will  contain  sufficient  selenium^  if  present  in  the  sample,  to  give  a 
qualitative  test.  By  precipitation  from  an  acid  solution  by  US,  selenium  and 
tellurium  are  separated  from  members  of  subsequent  groups.  The  sulphides  pre- 
cipitated are  extracted  with  sodium  or  ammonium  sulphide  and  the  extract  exam- 
ined for  selenium  and  tellurium. 

Detection  of  Selenium 

The  sodium  or  ammonium  extract  is  acidified  with  hydrochloric  acid,  whereby 
selenium  together  with  the  other  members  of  the  group  are  precipitated.  The 
washed  dried  precipitate  is  mixed  with  twice  its  weight  of  a  flux  containing  equal 
parts  of  sodium  carbonate  and  nitrate,  and  the  mixtiu^  added  to  an  equal  amount 
of  the  flux  which  has  been  previously  fused.  The  fluid  mass  is  poured  on  to  a 
slab  of  porcelain  and  the  cooled  melt  placed  in  a  beaker  and  extracted  with 
water,  whereby  selenic,  telluric,  molybdic  and  arsenic  acids  dissolve,  stannic  oxide, 
sodium  antimonate,  gold  and  the  platinum  group  remaining  insoluble.  The 
extract  is  treated  with  an  excess  of  hydrochloric  acid  and  boiled  to  reduce  sodium 
selenate,  NaiSeOi,  to  selenious  acid,  H2SeOa.  A  reducing  agent  such  as  sulphur- 
ous acid,  anmionium  sulphite,  hydrazine  sulphate  or  hydroxylamine  is  added 
and  the  solution  boiled.  Seleniiun,  if  present,  is  precipitated  in  its  red  or  brown 
colored  metallic  form.    The  red  color  darkens  on  boiling. 

Selenium  is  an  odorless  and  tasteless  solid.  Its  vapor  has  a  putrid  horseradish 
odor.    The  element  burns  with  a  reddish-blue  colored  flame. 

Dissolved  in  concentrated  sulphuric  acid  a  fine  green-colored  solution  is  ob- 
tained, from  which  solution  selenium  may  be  precipitated  by  dilution  with  water, 
the  suspended  substance  giving  a  reddish  tint  to  the  acid. 

^Circular  35  (2d  Ed.),  U.  S.  Bureau  of  Standards. 
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Hydrochloric  acid  decomposes  selenates  with  evolution  of  chlorine  gas  on 
>iling. 

Barium,chloride  precipitates  white  BaSeOa,  soluble  in  dilute  HCl,  when  added 

to  selenites,  and  white  BaSe04i  insoluble  in  dilute  HCl,  when  added  to  selenates. 

Hydrogen  sulphide  produces  no  precipitate  with  a  selenate.    This  reduced, 

however,  by  heating  with  HCl,  a  lemon-yellow  to  orange-yellow  precipitate  of 

8eS«  is  obtained. 

The  gas  passed  into  a  solution  of  selenite  gives  an  immediate  precipitation  of 
the  sulphide,  SeSs. 

Detection  of  Tellurium 

Tellurium  dissolved  in  concentrated  sulphuric  add  colors  the  acid  purple  or 
cannine.  The  color  disappears  on  dilution.  The  mineral  may  be  treated 
directly  with  hot  concentrated  sulphuric  acid  and  the  color  obtained  in  presence 
of  tellurium. 

Heated  in  a  test-tube  tellurium  compounds  sublime  and  fuse  to  colorless, 
transparent  drops  of  TeOj. 

Hydrogen  sulphide  precipitates  metallic  tellurium  mixed  with  sulphur  when 
pttsed  into  acid  solutions  containing  the  element.  The  precipitate  resembles 
SdS  in  appearance.    It  is  readily  soluble  in  (NHOtS. 

Tellurium  bums  with  a  greenish  flame. 

Reducing  agents  added  to  acid  solutions  of  tellurium  precipitate  black 
iQetallic  tellurium. 

Tellurium  compounds  are  not  as  readily  reduced  as  are  those  of  selenium, 
h  solutions  having  an  acidity  of  over  80  per  cent,  SOi  gas  causes  the  precipita- 
tion of  metallic  selenium  alone.  Upon  dilution  with  an  equal  volume  of  water 
tellurium  is  precipitated.    A  separation  may  be  effected  in  this  way. 

Tellurates  boiled  with  HCl  evolve  chlorine  gas  and  are  reduced  to  HtTeO». 
Dilution  of  the  solution  will  cause  the  precipitation  of  TeOs  (distinction  from  Se). 

Potassium  ioditie  added  to  a  tellurite  in  dilute  sulphuric  acid  solution  (1  :  4) 
precipitates  black  Telf,  soluble  in  excess  of  KI. 


ESTIMATION 

Selenium  and  tellurium  closely  resemble  sulphur  in  chemical  properties. 
They  have  crystalline  and  amorphous  forms.  The  elements  occur  in  nature 
frequently  associated  with  sulphur.  Selenium  is  frequently  present  in  iron 
pyrites,  hence  is  found  in  the  flue  dust  of  lead  chambers  of  the  sulphuric  acid  plant, 
tad  as  an  impurity  in  sulphuric  acid,  prepared  from  pyrites  containing  selenium. 

Ores — Selenimn.  In  copper  and  iron  pyrites;  meteoric  iron.  In  the  rare 
minerals  clausthalite,  PbSe;  lehrbachite,  PbSe*HgSe;  onofrith,  HgSe*4HgS; 
eucairite,CuSe-AgiSe;  crookesite,  (CuTlAg)Se.^ 

Telltiriiim.    Occurs  in  tellurides  and  arsenical  iron  pyrites.    Frequently 
asBoctated  with  gold,  sUver,  lead,  bismuth  and  iron.    In  the  minerals — altaite 
FbTe;    calaverite,  AuTet;    coloradolite,  HgTe;    nagyagite,    (AuPb)i(TeSSb), 
petzite,   AgiAuTes;    sylvanite,   AuAgTci,*    telluride,   TeOi    (tellurium   ochre) 
tetradymite,  BiiTei.* 

*  Thorpe,  "  Dictionary  of  Applied  Chemistry." 
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Preparation  and  Solution  of  the  Sample 

The  following  facts  regarding  solubilities  of  these  elements  and  their  com- 
pounds may  be  useful  in  the  analysis  of  these  substances. 

Selenium.  Amorphous  selenium  is  soluble  in  carbon  disulphide;  the  crys- 
talline hexagonal  form  is  insoluble  in  this  reagent.  The  metal  is  soluble  in 
hydrochloric  acid  in  the  presence  of  nitric  acid.  It  is  soluble  in  cold  concen- 
trated sulphuric  acid,  giving  a  green-colored  liquid,  which  diluted  with  water 
deposits  selenium.    The  dioxide,  SeOj,  is  readily  soluble  in  hot  water. 

Tellurium.  The  element  dissolves  in  hot  concentrated  hydrochloric  acid. 
On  dilution  of  the  solution  a  precipitation  of  HiTeOs'TeOj  occurs.  Treated 
with  concentrated  nitric  acid  or  aqua  regia  H2Te04  forms.  With  sulphuric  acid 
the  compound  HjTeOj  forms  and  SOt  is  evolved.  The  element  dissolves  in 
concentrated  potassium  cyanide,  from  which  solution  hydrochloric  acid  precip- 
itates all  of  the  tellurium.  Tellurium  is  insoluble  in  carbon  disulphide.  The 
oxides  TeO  and  TeOi  are  soluble  in  acids,  TeO«  being  not  readily  soluble.  All 
the  oxides  dissolve  in  hot  potassium  hydroxide  solutions. 

Care  must  be  exercised  to  avoid  overheating  acid  extracts  in  the  preparation  of  the 
sample,  sinco  loss  by  volatilization  is  apt  to  occur;  this  is  especially  true  of  the  halogen 
compounds  of  selemum  and  tellurium,  the  former  being  more  volatile  than  the  latter. 
(B.p.  SeCl2  =  145°;  Se2Br2-225*'-230^  SeOClj^  179.6°;  TeCl,=327*';  TeCl4=414°; 
TeBra=339°;  TeBr4  =  420°  C.)' 

Fusion  Method.  The  finely  powdered  substance  is  intimately  mixed  with 
about  five  times  its  weight  of  a  flux  of  sodium  carbonate  and  nitrate  (4:1)  and 
heated  gently  in  a  nickel  crucible,  gradually  increasing  the  heat,  until  the  charge 
has  fused.  When  the  molten  mass  appears  homogeneous,  it  is  cooled  and  ex- 
tracted with  water.  Sodium  selenate  and  tellurate  pass  into  solution  and  are 
separated  from  most  of  the  heavy  metals.  The  water  extract  is  acidified  with 
hydrochloric  acid  and  boiled  until  no  more  free  chlorine  is  evolved.  (Test 
with  starch  iodide  paper.  CI  =  blue  color.)*  Metallic  selenium  and  tellurium 
may  be  precipitated  by  passing  sulphur  dioxide  into  the  hydrochloric  acid  solution. 

Keller  has  shown  that  tellurium  is  not  precipitated  by  SOt  in  strong  hydro- 
chloric acid  solutions  (sp.gr.  1.175),  whereas  selenium  is  precipitated.  Diluted 
with  an  equal  volume  of  water  (acidity  30  to  50%  of  above)  both  tellurium  and 
selenium  are  precipitated  by  SOj. 

SEPARATIONS 

One  or  more  of  the  following  procedures  may  be  required  according  to  the 
material  that  is  being  analyzed. 

Separation  of  Selenium  and  Telluriimi  from  the  Iron  and  Zinc  Groups, 
from  the  Alkaline  Earths  and  the  Alkalies.  If  sulphur  dioxide  is  passed  into 
a  solution  containing  30  to  50%  of  hydrochloric  acid  (sp.gr.  1.175),  selenium  and 
tellurium  will  be  precipitated,  the  other  elements  remaining  in  solution.  K  the 
acidity  is  o^'e^  80%  of  the  above  strength  of  hydrochloric  acid,  only  selenium 
is  precipitated. 

^  Van  Nost rand's  Chem.  Annual. 

•  AcoordiiiK  to  B.  Kathke,  Zeit.  anal.  Chem.,  9,  484,  1870,  no  appreciable  loss  of 
elenium  occurs  in  the  ]>rc\sence  of  sodium  or  potassium  chlorides.  Rose  claims  that 
n  appreciable  loss  occurs  when  solutions  of  selenium  are  heated  above  100®  C 
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The  presence  of  nitric  and  of  sulphuric  acid  prevents  the  copmlete  precipita- 
tion of  tellurium. 

Separation  of  Selenium  and  Tellurium  from  Cadmium,  Copper  and  Bis- 
muth. Sulphur  dioxide  passed  into  an  acid  solution  containing  30  to  50% 
hydrochloric  acid  (sp.gr.  1.175)  precipitates  selenium  and  tellurium  free  from 
cadmium,  and  the  greater  part  of  bismuth,  copper,  antimony,  etc.  Complete 
separation  of  selenium  and  tellurium  may  be  effected  by  the  distillation  process 
described  under  Separation  of  Selenium  and  Tellurium,  see  below. 

Separation  from  Silver.  Silver  is  precipitated  as  the  chloride,  AgCl,  se- 
lenium and  tellurium  remaining  in  solution. 

Separation  from  Gold.  The  slightly  acid  solution,  free  from  nitric  acid, 
is  diluted  with  water,  ammonium  oxalate  or  oxalic  acid  added  and  the  precipitated 
gold  allowed  to  settle  several  hours  (preferably  twenty-four  hours  or  more).  The 
gold  is  filtered  off  and  the  selenium  and  tellurium  precipitated  in  the  filtrate  with 
sulphur  dioxide. 

In  the  absence  of  selenium,  gold  may  be  separated  from  tellurium  by  precipi- 
tation with  ferrous  sulphate  added  to  the  solution  strongly  acidified  with  hydro- 
cliloric  acid.  Tellurium  remains  in  solution.  (Selenium  is  also  precipitated 
with  ferrous  sulphate.) 

Separation  of  Selenium  from  Tellurium  by  Direct  Precipitation,  with 
Sulphur  Dioxide  in  Strong  Hydrochloric  Acid  Solutions — Keller's  Method. 
The  procedure  has  already  been  mentioned.  Advantage  is  taken  of  the  fact 
that  tellurium  is  not  precipitated  by  SO2  in  strong  hydrochloric  acid  solutions, 
whereas  selenium  is  precipitated. 

Procedure.  The  two  elements  are  precipitated  by  sulphur  dioxide  from  an 
acid  solution  containing  30  to  40%  of  strong  hydrochloric  acid.  The  precipitate 
is  dissolved  in  nitric  acid  and  the  solution  evaporated  to  dryness  on  the  steam 
plate.  The  residue  is  treated  with  200  cc.  of  hydrochloric  acid  (sp.gr.  1.175) 
and  boiled  to  free  the  solution  of  nitric  acid,  since  the  presence  of  this  acid  pre- 
vents complete  precipitation  of  tellurium.  A  little  sodium  chloride  is  previously 
added  to  minimize  the  loss  through  volatilization  during  the  heating.  The  hot 
solution  is  saturated  with  sulphur  dioxide,  whereupon  selenium  is  quantitatively 
precipitated  and  may  be  filtered  off,  washed  with  a  90%  solution  of  strong  hydro- 
chloric acid  (sp.gr.  1.175,  i.e.,  9  parts  HCl  to  1  part  by  volume  H2O),  followed  by 
dilute  acid,  then  by  water  until  free  of  acid,  and  finally  by  alcohol.  Weigh  as 
metallic  selenium  ajfter  drying  at  105°  C.  The  tellurium  is  precipitated  from  the 
filtrate  by  diluting  this  with  an  equal  volume  of  water,  heating  to  boiling  and 
again  saturating  with  sulphur  dioxide.  The  precipitate  is  washed  with  dilute 
hydrochloric  acid  (1  :  1),  followed  by  water  and  alcohol,  then  dried  and  weighed 
as  tellurium. 

Separation  of  Selenium  and  Tellurium.     Distillation  Method 

The  following  method  is  excellent  for  determining  selenium  and  tellurium  in 
alloys. 

Procedure.  The  apparatus  having  been  set  up  as  is  shown  in  the  cut,  Fig.  57, 
0.5  gram  of  the  alloy  containing  selenium  and  tellurium  is  placed  in  the  distilling 
flask  D  and  30  cc.  of  H2SO4  (sp.gr.  1.84)  added.    All  connections  are  made  tight. 

A  current  of  dry  HCl  gas  is  allowed  to  flow  into  the  distilling  flask  and  the 
contents  of  the  flask  heated  to  300**  C.  (The  H2SO4  should  not  fume  and  the 
temperature  should  be  kept  below  the  boiling  point  of  this  acid,  otherwise  the 
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acid  distilling  into  the  reservoir  R  would  interfere  with  the  precipitation  of 
selenium  by  SOg.)  Selenium  distills  as  selenium  chloride  into  R,  while  tellurium 
remains  in  the  distillation  flask.  During  the  distillation,  SOi  gas  is  passed  into 
R,  to  reduce  the  sslenic  salt  in  solution  and  precipitate  metallic  selenium. 

The  distillation  is  continued  for  two  or  three  hours,  keeping  the  temperature 
of  the  distillation  flask  at  about  300°  C.  (i.e.,  below  the  boiling-point  of  H^Oi). 
The  contents  of  the  receiver  R  is  transferred  to  a  400-cc.  beaker,  and  the  dis- 
tillation continued  into  fresh  HCI  to  assure  complete  volatilization  of  selenium 
from  the  flask  D.  The  contents  of  the  receiver  and  any  of  the  metal  adhering 
to  the  glass  wool,  or  the  glass  of  the  vessel,  are  combined.  (The  adhering  selenium 
is  dissolved  off  with  a  little  Bromine-Potassium  Bromide  solution.) 


Fio.  57.  -.\pparatua  for  Determining  .Selenium  and  Tellurium. 


Fig.  57  shows  a  convenient  am>aratus  for  routine  determinations  of  selenium 
and  telhiriuni  in  alloys.  Hydrochloric  acid  pts  is  ^nerated  by  allowing  strong 
hydrorhtnriu  ik'uI  to  flow  into  concentrated  sulphuric  acid  (see  A  and  B  m  drsio 
ing  F'ig.  57).  The  kbs  ia  dried  by  jmasing  it  through  stronR  sulphuric  acid  (C  in 
figure),  A  mercury  pressure  gauge,  arranged  to  allow  gaa  to  blow  out  at  a  pressuietrf 
3  or  4  jKumdM,  prevents  accident  occurring  due  to  stoppage  in  the  eystem. 

Detennination  of  Selenium.  The  solution  in  the  beaker  is  saturated  with  SOi, 
then  heated  to  lH)iling  and  Ihc  precipitated  seleniimi  allowed  to  settle  several 
hours,  or  overnight.  The  precipitate  is  filtered  into  a  weighed  Gooch  cruciHe, 
then  wa.-iiird  with  hot  water  and  R mil ly  with  alcohol.    The  residue  is  dried  for  an 

hour  at  100°  ('.  and  weighed. 

Weight  of  SeXlOO 


0.5 


-  =  %  Se. 
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Determinatioii  of  Tellurium.  The  residue  in  the  distilling  flask  is  transferred 
to  a  600-cc.  beaker  containing  150  cc.  of  cold  water.  Ten  cc.  of  3%  Fe(N08)8  solu- 
tion is  added,  and  made  ammoniacal,  and  then  heated  to  boiling;  the  precipitate 
filtered  off  on  a  large  filter  and  washed  with  hot  water.  The  precipitate  is  dis- 
solved in  hot  dilute  HCl  and  the  solution  nearly  neutralized  with  NH4OH.  The 
slightly  acid  solution  is  saturated  with  HaS,  the  precipitated  tellurium  filtered  off 
on  an  S.  and  S.  No.  589, 12J  cm.  filter,  and  washed  with  H2S  water. 

The  precipitate  is  dissolved  off  the  paper  into  a  small  beaker  with  a  mixture 
of  equal  parts  of  HCl  and  bromine-potassium  bromide  solution.  ^  The  paper  is 
washed  with  water  keeping  the  volume  of  the  solution  as  small  as  possible.  The 
filtrate  should  contain  20%  HCl. 

Tellurium  is  precipitated  by  saturating  the  solution  with  SO2.  The  pre- 
cipitate, after  heating  to  boiling,  is  allowed  to  settle  for  several  hours  and  filtered 
onto  a  weighed  Gooch.  It  is  washed  vnih  hot  water  and  then  with  alcohol  and 
dried  for  an  hour  at  100°  C,  cooled  in  a  desiccator  and  weighed. 

WeightofTeXlOO  _ 

05  ~^^^^- 


GRAVIMETRIC    METHODS    FOR    DETERMINING    SELENIUM 

AND  TELLURIUM 

The  sections  on  Preparation  and  Solution  of  the  Sample  and  Separations 
should  be  carefully  studied,  as  details  for  the  precipitation  of  selenium  and 
tellurium  are  given. 

SELENIUM 

Precipitation  of  Selenium  by  Sulphur  Dioxide 

The  procedure  for  isolation  of  selenium  by  precipitation  with  sulphur  dioxide 
gas,  passed  into  the  hydrochloric  acid  solution,  has  been  given  already  in  detail. 
For  matter  of  convenience  the  procedure  is  briefly  outlined  here. 

Procedure.    The  sample  obtained  in  solution  according  to  the  procedure  out- 
lined under  Preparation  and  Solution  of  the  Sample  and  freed  from  nitric  acid, 
is  saturated  with   sulphur   dioxide,  whereupon   selenium  is  precipitated  in  its 
elemental  condition.    If  the  solution  is  strongly  acid  with  hydrochloric  acid 
(UC1«  sp.gr.  1.175),  tellurium  remains  in  solution,  if  present.    It  is  advisable 
to  wash  the  precipitated  selenium  with  moderately  strong  hydrochloric  acid, 
followed  by  the  dilute  acid,  then  with  water  until  free  of  acid,  and  finally  with 
alcohol.    The  residue  is  dried  at  105®  C.  and  weighed  as  metallic  selenium. 

The  filtrate  should  be  tested  for  selenium  by  saturating  again  with  SO2. 
Tellurium  precipitates  quantitatively  from  hydrochloric  acid  solution  of  half  the 
^^bove  strength,  hence  will  be  evident  in  the  filtrate,  if  present. 

*Tbe  potasdium  bromide  solution  is  made  by  adding  200  cc.  of  liquid  bromine  to 
^  Kranus  of  potassium  bromide  salt  dissolved  in  just  sufficient  water  to  form  a  satu- 
rated solution. 
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Reduction  to  Metallic  Selenium  Potassium  Iodide  Method 

The  method  worked  out  by  Peirce  *  is  useful  in  determining  selenium  in  sam- 
ples containing  less  than  0.1  gram  selenium.  Larger  amounts  are  apt  to  occlude 
iodine,  giving  high  results. 

Procedure.  The  sample  containing  selenious  acid  or  a  selenite  is  diluted  to 
400  cc.  and  acidified  with  hydrochloric  acid.  Potassium  iodide  is  added  in  excess, 
about  3  grams  more  than  is  required  to  effect  reduction,  and  the  solution  boiled 
about  twenty  minutes.  The  precipitate  is  filtered  and  washed  as  usual,  then 
dried  and  weighed  as  metallic  selenium. 


TELLURIUM 
Precipitation  of  Tellurium  by  Sulphur  Dioxide 

The  procedure  has  been  given  under  the  section  on  Separations.  The  fol- 
lowing method  is  useful  for  determining  tellurium  in  samples  in  which  selenium 
estimations  are  not  desired. 

Procedure.  A  sample  of  1  to  5  gramsis  taken  for  analysis  and  placed  in  a 
No.  5  porcelain  crucible.  Ten  cc.  of  cone.  HNO3  are  added  very  cautiously  and, 
when  the  apparent  action  has  ceased,  the  sample  is  placed  on  the  steam  bath  until 
all  NO2  fumes  have  been  expelled.  Four  to  5  drops  of  cone.  H2SO4  are  now  added 
and  the  solution  evaporated  to  dryness  on  the  steam  bath.  About  15  cc.  of  cone. 
HCl  are  added  and  the  solution  agam  evaporated  to  dryness.  By  this  latter  pro- 
cedure any  selenium  that  may  be  present  is  converted  to  the  easily  volatile 
chloride.  The  crucible  is  placed  on  a  triangle  on  a  wire  gauze  over  a  low  flame 
and  heated  cautiously  *  until  all  white  fumes  have  disappeared  and  then  at  dull 
red  heat  until  all  signs  of  crystallized  selenious  chloride  have  disappeared.  The 
residue  in  the  crucible  is  tellurious  dioxide  and  ferric  oxide. 

The  crucible  is  cooled  and  the  residue  dissolved  in  cone.  HCl  in  a  No.  4  beaker 
and  the  solution  diluted  to  250  cc.  with  distilled  water.  H2S  is  passed  into  the 
solution  until  tellurium  is  completely  precipitated.  The  precipitate  is  filtered 
onto  a  125  cm.  filter,  S.  &  S.  589  quality,  and  washed  with  H2S  water. 

The  precipitate  is  dissolved  in  a  250-cc.  beaker  by  adding  a  mixture  of  bro- 
mine-potassium bromide  (200  cc.  of  liquid  bromine  added  to  320  grams  of  KBr 
salt  that  has  been  dissolved  in  just  sufficient  water  to  form  a  saturated  solution), 
1  part  and  cone.  HCl,  1  part,  using  the  least  amount  of  the  mixture  necessary  to 
dissolve  the  precipitate  and  wash  with  a  little  water.  The  filtrate  should  con- 
tain 20%  H(1. 

The  solution  is  thoroughly  saturated  with  SOi  gas,  and  then  heated  to  boUing. 
The  precipitated  tellurium  is  allowed  to  settle  for  several  hours,  preferably  over 
night,  and  filtered  into  a  weighed  Gooch  crucible,  then  washed  with  hot  water 
and  finally  with  alcohol.  After  dr>4ng  for  an  hour  at  100°  C,  the  telluriiun  is 
cooled  and  weighed. 

Weight  of  the  residue  multiplied  by  100  divided  by  weight  taken  gives  per 
cent  telurium. 


ty 


*  A.  W.  Pcircc,  Am.  Jour.  Sci.  (4),  1416.     Gooch,  "  Methods  of  Chemical  Analysis, 
370. 

2  (^aiit  ious  heating  is  necessary  to  prevent  mechanical  loss  of  tellurium  during  the 
volatilization  of  selenium. 
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Determination  as  Tellurium  Dioxide 

The  following  procedure  worked  out  by  Browning  and  Flint  *  provides  for  the  di- 
rect estimation  of  tellurium  in  the  form  of  its  dioxide,  Te02,  in  presence  of  selenium. 
The  oxide  is  not  affected  by  the  air,  it  is  anhydrous,  non-hydroscopic  and  may  be 
obtained  in  pure  form.  Selenium  and  tellurium  are  precipitated  by  sulphur 
dioxide  from  a  hydrochloric  acid  solution  according  to  the  procedures  given. 
The  elements  are  filtered  off,  dissolved  in  hydrochloric  acid  containing  sufficient 
nitric  acid  to  cause  solution  and  carefully  taken  to  dryness  on  the  water  bath. 
The  mixture  is  then  treated  as  follows: 

Procedure.  The  material  is  dissolved  in  hydrochloric  acid,  or  in  a  10% 
solution  of  potassium  hydroxide,  using  about  2  cc.  per  0.2  gram  of  dioxide.  The 
solution,  if  alkaline,  is  slightly  acidified  with  hydrochloric  acid  and  then  diluted 
to  200  cc.  with  boiling  water.  Dilute  ammonium  hydroxide  is  now  added  in  faint 
excess,  followed  by  the  faintest  possible  excess  of  acetic  acid,  whereby  the 
finely  crystalline  tellurium  dioxide  is  precipitated.  The  precipitate  is  transferred 
to  the  perforated  crucible  containing  an  asbestos  mat,  and  washed  rapidly  with 
cold  water,  then  dried  to  constant  weight  at  105°  C.  and  weighed  as  TeOi. 

Notes.  The  addition  of  a  few  drops  of  acetic  acid,  as  recommended,  causes  the 
precipitation  to  become  quantitative  wnen  the  solution  has  cooled. 

Hot  water  is  used  for  the  dilution,  since  cold  water  induces  a  flocky  precipitation 
with  inclusion  of  selenious  acid. 


VOLUMETRIC  DETERMINATION  OF  SELENIUM  AND 

TELLURIUM 

lodometric  Determination  of  Selenic,  or  Telluric  Acid— Reduction 

with  Hydrochloric  Acid  and  Distillation' 

The  method  depends  upon  the  reduction  of  selenic  or  telluric  acid  to  selenious 
or  tellurious  acid  by  heating  with  hydrochloric  acid,  the  evolved  (;hlonne  being 
a  measure  of  the  acids  in  question.  The  chlorme  absorbed  in  pK)tassium  iodide 
solution  liberates  its  equivalent  of  iodine,  which  may  readily  be  determined  by 
titration  with  standard  thiosulphate.  The  following  reactions  illustrate  the 
change  that  takes  place: 

K,Se04+4HCl  =2KCl+H2SeO,+H,0+Cl,, 

K,Te04+4HCl  =2KCl+H2TeO,+H,0+CU, 

Se      Te 
1  CL  =  1  I  =-r-  or  —  =63.75  grams  Te  or  39.6  grams  Se  per  liter  normal  solution. 

According  to  Gooch  and  Evans '  over  30%  of  strong  hydrochloric  acid  (sp.gr. 
1.20)  should  be  present.  Dilute  hydrochloric  acid  having  a  strength  of  10%  of 
HCI,  8p.gr.  1.2,  does  not  react  with  liberation  of  chlorine.  Care  must  be  taken 
not  to  prolong  the  boiling  after  the  solution  reaches  a  concentration  of  half 
strength,  since  over  reduction  may  take  place  and  the  metals  be  liberated. 

»  Philip  E.  Browning  and  Wm.  R.  Flinty  Am.  Jour.  Sci.  (4),  28^  112.      F.  A.  Gooch, 
"  Methods  in  Chemical  AnalvBis,"  John  Wiley  &  Sons,  Pub. 
«  F.  A.  Gooch  and  P.  S.  Evans,  Jr.,  Am.  Jour.  Sci.,  (3),  1,  400. 
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Procedure.  The  sample  containing  the  selenate  or  tellurate  is  treated  ^th 
75  cc.  of  hydrochloric  acid,  containing  25  cc.  of  strong  HCl,  sp.gr.  1.20,  per  0.2 
gram  of  the  oxides,  in  a  distillation  flask  connected  with  a  Drexel  wash  bottle 
receiver,  water  cooled,  and  charged  with  potassium  iodide  solution.  A  current 
of  COs  is  passed  into  the  flask  to  sweep  the  liberated  chlorine  into  the  iodide 
solution.  The  sample  is  boiled  until  nearly  one-third  its  volume  has  distilled 
into  the  receiver.  The  liberated  iodine  is  titrated  with  standard  thiosulphate. 
One  cc.  N/10  Na&O.  -0.00396  gram  Se  or  0.006375  gram  Te. 


SILICON 

WiLPRBD  W.  ScoTr 
SI,  at.  wt. 28^ ;  sp.gr.  amor.  2.00. ;  crys.  2.49 ;  m.p.  1420''  G. ;  oxides  SIO,^  SIOs 

DETECTION 

The  finely  ground  sample  together  with  a  small  quantity  of  powdered  calcium 
fluoride  is  placed  in  a  small  lead  cup  1  cm.  in  diameter  and  depth  (see  Fig. 
58),  and  a  few  drops  of  concentrated  sulphuric  acid  added.  A  lead  cover,  with 
a  smaU  aperture,  is  placed  on  the  cup,  and  the  opening 
covered  with  a  piece  of  moistened  black  filter  paper. 
Upon  this  pmper  is  placed  a  moistened  pad  of  ordinary 
filter  paper.  The  cup  is  now  gently  heated  on  the  steam 
bath.  At  the  end  of  about  ten  minutes  a  white  deposit 
will  be  found  on  the  under  side  of  the  black  paper,  at  the 
opening  iii  the  cover,  if  an  appreciable  amount  of  silica  is  ^iq  58 

present  in  the  material  tested.* 

A  silicate,  fused  with  sodium  carbonate  or  bicarbonate  in  a  platinum  dish 
and  the  carbonate  decomposed  by  addition  of  hydrochloric  acid  with  subsequent 
evaporation  to  dryness,  will  liberate  silicon  as  silicic  anhydride,  SiOi.  The 
sihca  placed  in  a  platinum  dish  is  volatilized  by  addition  of  hydrofiuoric  acid, 
the  gaseous  silicon  fluoride  being  formed.  A  drop  of  water  placed  in  a  platinum 
loop,  held  in  the  fumes  of  SiFi,  will  become  cloudy  owing  to  the  formation  of 
gelatinous  silicic  acid  and  fluosilicic  acid, 

3SiF4+3H,0  =H,Si03+2H,SiF,. 

If  a  silicate  is  fused  in  a  platinum  loop  with  microcosmic  salt,  the  silica  floats 
around  in  the  bead,  producing  an  opaque  bead  with  weblike  structure  upon  cooling. 


ESTIMATION 

The  gravimetric  procedure  is  the  only  satisfactory  method  for  the  estimation 
of  silica.  The  substance  in  which  the  element  is  combined  as  an  oxide  or  as  a 
silicate  is  decomposed  by  acid  treatment  or  by  fusion  with  an  alkali  carbonate 
or  bicarbonate,  the  material  taken  to  dryness  with  addition  of  hydrochloric  acid, 
whereby  the  compound  silica  is  liberated.  If  other  elements  are  present  the 
silica  is  volatilized  by  addition  of  hydrofluoric  acid  and  estimated  by  the  loss 
of  weight  of  the  residue. 

The  element  silicon  has  no  important  application.  Its  use  for  electrical 
resistance  has  been  suggested.  A  rod  10  cm.  long  with  cross  section  of  40  sq.mm. 
has  a  resistance  of  200  ohms  against  a  carbon  rod  of  the  same  dimensions  of  0.15 

*  Dictionary  of  Applied  Chemistry.    Thorpe,  page  671. 
»  Philip  E.  Browning,  Am.  Jour.  Sci.  (4),  32,  249. 
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ohm.  Impure  silica  finds  use  in  fluxes  in  manufacture  of  glass;  pure  silica  for 
the  manufacture  of  silica  ware.  With  caustic  it  forms  an  adherent  sodium 
silicate.  Silicon  carbide,  carborundum,  is  used  for  refractory  purposes,  fire 
brick,  zinc  muffles,  coke  ovens.  Crystolon,  the  crystalline  form,  is  used  as  an 
abrasive,  in  making  grinding  wheels,  sharpening  stones,  etc. 

Combined  as  SiOt  and  in  silicates  the  element  is  very  widely  distributed  in 
nature  and  is  a  required  constituent  in  practically  every  complete  analysis  of 
ores,  minerals,  soils,  etc.  It  is  present  in  certain  alloys,  ferro-silicon,  silicon 
carbide,  etc. 

The  element  is  scarcely  attacked  by  single  acids,  but  is  acted  upon  by  nitric- 
hydrofluoric  acid  mixture.  It  dissolves  in  strong  alkali  solutions.  Silica  is 
decomposed  by  hydrofluoric  acid  and  by  fusion  with  the  fixed  alkali  carbonates 
or  hydroxides. 

Preparation  and  Solution  of  the  Sample 

General  Considerations.  The  natural  and  artificially  prepared  silicates  may 
be  grouped  under  two  classes:  1.  Those  which  are  decomposed  by  acids.  2. 
Silicates  not  decomposed  by  acids.  The  minerals  datolite,  natrolite,  olivine 
and  many  basic  slags  are  representative  of  the  first  class,  and  feldspar,  ortho- 
clase,  pumice  and  serpentine  are  representative  of  silicates  not  decomposed  by 
acids.  (See  more  complete  list  under  List  of  More  Important  Silicates,  page  369.) 
The  first  division  simply  require  an  acid  treatment  to  isolate  the  silica,  the  latter 
class  require  fusion  with  a  suitable  flux. 

In  technical  analysis,  in  cases  where  great  accuracy  is  not  required,  the  residue 
remaining,  after  certain  conventional  treatments  with  acids,  is  classed  as  silica. 
This  may  consist  of  fairly  pure  silica  or  a  mixture  of  silica,  undecomposed  sili- 
cates, barium  sulphate  and  certain  acid  insoluble  compounds.  For  accurate 
analyses  this  insoluble  residue  is  not  accepted  as  pure  silica,  unless  impurities, 
which  are  apt  to  be  found  with  the  silica  residue,  are  known  to  be  absent  from  the 
material  under  examination. 

Although  the  procedure  for  isolation  of  silica  is  comparatively  simple,  errors 
may  arise  from  the  following  causes: 

1.  Imperfect  decomposition  of  the  silicate. 

2.  Loss  of  the  silica  by  spurting  when  acid  is  added  to  the  carbonate  fusion. 

3.  Slight  solubility  of  silica,  even  after  dehydration,  especially  in  presence 
of  sodium  chloride  and  magnesia. 

4.  Loss  due  to  imperfect  transfer  of  the  residue  to  the  filter  paper. 

5.  Mechanical  loss  during  ignition  of  the  filter  and  during  the  blasting,  due 
to  the  draft  whirling  out  the  fine,  light  silica  powder  from  the  crucible. 

6.  Error  due  to  additional  silica  from  contaminated  reagents  or  from  the  porce- 
lain dishes  or  glassware  in  which  the  solution  was  evaporated.  A  blank  of  0.01% 
on  the  sodium  carbonate  will  make  an  error  of  0.1%  per  gram  sample  in  an 
ordinary  fusion  where  10  grams  of  the  flux  are  required. 

7.  Error  due  to  loss  of  weight  of  the  platinum  crucible  during  the  blasting. 

8.  Incomplete  removal  of  water,  which  is  held  tenaciously  by  the  silica. 
Furthennore,  weighing  of  the  residue  should  be  done  quickly,  as  the  finely  divided 
silica  tends  to  absorb  moisture. 

Two  general  procedures  will  be  given  for  treatment  of  the  acid  decomposa- 
ble and  undecomposable  silicates.  It  is  frequently  advisable  to  use  these  two 
procedures  in  conjunction,  extracting  the  material  first  wit^  acid,  and  then  fusing 
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le  insoluble  residue  with  sodium  carbonate;  this  procedure  is  used  when  a 
ritty  residue  remains  after  the  acid  extraction.  Following  the  general  procedures 
3r  decomposition  of  silicates,  certain  special  methods  will  be  given. 

List  of  Most  Important  Silicates.  Silicates  decomposed  by  acids.  AUanite;  allo- 
>hane;  analcite;  botryolite;  brewsterite;  calamine;  chahasite;  croustedtitite;  datolite 
hydrated  silicate  and  borate  of  Ca  with  Al  and  Mg);  dioptase;  cuiytite;  gadolin- 
tc;  gahlenitc;  helvite;  ilvaite  (siliciite  ferrous  and  ferric  iron  with  AUOi^  CaO  and 
MgC));  laumonite;  melinite;  natrolite  (hvdrated  silicate  of  Al  and  Na  with  Fe  and 
^•aO);  okenite:  olivine  (silicate  of  Fe  and  Mj?);  pectolite;  prehenite  (hydrated  Al  and 
CasiUcate  with  Fe,  Mn,  K,  Na,  etc.);  teproite;  wernerite;  woolastonitej  zaolite. 

Silicates  undecomposed  by  acids.  Aibite;  audalusite;  augite;  axmite;  beryl; 
carpholite;  cyanite;  diallage,  epidote  (silicate  of  Fe,  Al  and  Ca  with  FeO,  Mn,  Mg, 
K.  Na);  euclasc;  fcldpsar  (silicate  of  K,  Na,  Al,  le,  Ca  and  Mg);  garnet;  lolite; 
labradorite;  (micas  of  K  and  Mg);  orthoclase;  petahte;  pinite,  prochlorite;  pumice; 
serpentine;  siliimanite,  talc,  topaz,  tourmaline  (Fe208,  FeO,  Mn,  Al,  Ca,  Mg,  K,  Na, 
Li,«i02,  BjOa,  PjOi,  F);  vesuvianite. 

Preparation  of  the  Substance  for  Decomposition 

If  the  material  is  an  ore  or  mineral  it  is  placed  on  a  steel  plate  within  a  steel 
nog  and  broken  down  by  means  of  a  hardened  hanuner  to  small  lumps  and  finally 
to  a  coarse  powder.  A  quartered  portion  of  this  is  air  dried  and  ground  as  fine 
^  possible  in  an  agate  mortar  and  preserved  in  a  glass-stoppered  bottle  for 
analysis. 

Analyses  are  based  on  thb  air-dried  sample.  If  moisture  is  desired  it  may  be 
P^termined  on  a  large  sample  of  the  original  material.  Hygroscopic  moisture 
^  determined  on  the  ground,  air-dried  sample,  by  heating  for  an  hour  at  105 
to  107*  C. 

Decomposition  of  the  Material,  General  Procedures 

Silicates  Decomposed   by  Acids 

Acid  extraction  of  the  ailicatea.  0.5  to  1  gram  of  the  finely  pulverized 
**^terial  placed  in  a  beaker  or  casserole  is  treated  with  10  to  15  cc.  of  water  and 
^"Ted  thoroughly  to  wet  the  powder.*  It  is  now  treated  with  50  to  100  cc.  of 
strong  hydrochloric  acid  and  digested  on  the  water  bath  for  fifteen  or  twenty 
^utes  with  the  beaker  or  ca.sserole  covered  by  a  watch-glass.  If  there  is 
^^ence  of  sulphides  (pyrites),  etc.,  10  to  15  cc.  of  concentrated  nitric  acid  are 
^ow  added  and  the  containing  vessel  again  covered.  After  the  reaction  has 
^bsided,  the  glass  cover  is  raised  by  means  of  riders  and  the  mixture  evaporated 
^  dryness  on  the  water  bath.  (This  evaporation  may  be  hastened  by  using  a 
*^<I  bath,  boiling  down  to  small  bulk  at  comparatively  high  temperature,  then 
^  dryness  on  the  water  bath.  Decomposition  is  complete  if  no  gritty  particles 
'^^n.  A  flocculent  residue  will  often  separate  out  during  the  digestion,  due 
^  partially  dehydrated  silicic  acid,  hydrated  silicic  acid,  Si(0H)4  is  held  in 
Jjlution.)  The  silicic  acid  is  converted  to  silica,  SiOj,  the  residue  taken  up  vnth 
"^ute  hydrochloric  acid,  silica  filtered  off,  washed  with  water  acidified  with  hydro- 
^Woric  acid,  and  estimated  according  to  the  procedure  given  later. 

*\Vater  is  added  to  the  sample  and  then  acid,  as  strong  acid  added  directly  would 
^^  partial  separation  of  gelatinous  silicic  acid,  which  would  form  a  covering  on  the 
'^^ecompoeed  particles,  protecting  them  from  the  action  of  the  acid. 
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Silicates  Not  Decomposed  by  Adds 

Fusion  with  Sodium  Carbonate  or  Sodium  Bicarbonate.    0.5  to  1  gram 
of  the  air-dried,  pulverized  sample  is  placed  in  a  large  platinum  crucible  or  dish 
in  which  has  been  placed  about  5  grams  of  anhydrous  sodium  carbonate.    The 
sample  is  thoroughly  mixed  with  the  carbonate  by  stirring  with  a  dry  glass  rod,: 
from  which  the  adhering  particles  are  brushed  into  the  crucible.    A  little  ca^J 
bonate  is  sprinkled  on  the  top  of  the  mixture  and  the  receptacle  covered.   It] 
is  heated  to  dull  redness  for  five  minutes  and  then  gradually  heated  up  to 
full  capacity  of  a  M6ker  burner.    When  the  mix  has  melted  to  a  quite  clear  liquid,j 
which  generally  is  accomplished  with  twenty  minutes  of  strong  heating,  a  platinuDij 
wire  with  a  coil  on  the  immersed  end  is  inserted  in  the  molten  mass,  and  thii| 
allowed  to  cool.    The  fusion  is  removed  by  gently  heating  the  crucible  until  the 
outside  of  the  mass  has  melted,  when  the  charge  is  lifted  out  on  the  wire,  and  after  | 
cooling  disintegrated  by  placing  it  in  a  beaker  containing  about  75  cc.  dilute  HCI; 
(1  part  HCI  to  2  parts  HjO),  covering  the  beaker  to  prevent  loss  by  spattering. 
The  crucible  and  lid  are  cleaned  with  dilute  hydrochloric  acid,  adding  this  acid 
to  the  main  solution.    When  the  disintegration  is  complete,   the   solution  is 
evaporated  to  dryness  and  silica  is  estimated  according  to  directions  given  later. 

if  decomposition  is  incomplete,  gritty  material  will  be  found  in  the  beaker 
upon  treatment  of  the  fusion  with  dilute  acid.  If  this  is  the  case,  it  should  be 
filtered  off  and  fused  with  a  second  portion  of  sodimn  carbonate,  and  the  fusioii 
treated  as  directed  above. 

Notes.  Fusions  with  soluble  carbonates  are  generally  best  effected  with  the 
sodium  salt,  except  in  fusions  of  niobates,  tantaktes,  tunratates,  where  the  poUs* 
sium  salt  is  preferred  on  account  of  the  greater  solubility  of  the  potassium  compouiids. 
Sodium  alone  has  an  advantage  over  the  mixed  carbonates,  NajCOj-hKiCOj,  as  silif* 
has  a  hi^h  melting-pomt  and  a  flux,  which  fuses  at  810°  C,  is  more  apt  to  cause  dis- 
integration of  the  silicate  than  the  mixture,  which  melts  at  690**  C. 

Prolonged  blasting  is  undesirable,  as  it  renders  the  fusion  less  soluble.  Aluminum 
and  iron  are  also  rendered  difficultly  soluble,  when  their  oxides  are  heated  to  a  hig)i 
temperature  for  some  time. 

If  the  melt  is  green,  it  is  best  to  dissolve  out  the  adhering  melt  from  the  crucible 
with  dilute  nitric  acid,  as  a  manganate  (indicated  by  the  color),  if  present,  will  evolTe 
free  chlorine  by  its  action  on  HCI  and  this  would  attack  the  platinum. 

Fluorides.^    In  presence  of  fluorides  the  melt  is  extracted  with  water  (ao  ' 
acid  extraction  would  volatilize  some  of  the  silica),  and  the  extract  filtered  off  I 
from  the  insoluble  carbonates.    To  the  filtrate  is  added  about  5  grams  of  solid  | 
ammonium  carl:)onatc,  and  the  mix  warmed  to  40**  C.  and  allowed  to  stand  for 
several  hours.    The  greater  part  of  the  silica  is  precipitated.    This  is  filtered  off 
and  washed  with  water  containing  ammonium  carbonate.    Preserve  this  with 
the   insoluble   carbonate   for   later   treatment.    The  filtrate,   containing  sniaD 
amounts  of  silicic  acid,  is  treated  with  1  to  2  cc.  of  ammoniacal  zinc  oxide  solih 
tion  (made  by  dissolving  C\P.  moist  zinc  oxide  in  anunonia  water).    The  mix- 
ture is  boiled  to  exi>el  ammonia  and  the  precipitate  of  zinc  sUicate  filtered  off- 
The  precipitate  is  washed  into  a  beaker  through  a  hole  made  in  the  filter,  and  the 
adhering  material  dissolved  off  with  dilute  HCI,  enough  being  added  to  dissoh?« 
the  remaining  residue.    This  is  evaporated  to  dryness  and  silica  separated  as 
usual.     Meantime  the  insoluble  carlxmate  is  dissolved  with  HCI,  evaporated  to 

*  Sodium  bicarbonate  may  be  used  in  place  of  the  carbonate  with  excellent  results. 
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and   any  silica  it  contains  recovered.    Finally  all  three  portions  of 
are  (combined,  ignited  and  silica  estimated  as  usual. 

Special  Procedures  for  Decomposing  the  Sample 

Treatment  of  Iron  and  Steel  for  Silica.  One  gram  of  pig-iron  castings, 
5  grains  of  steel  are  taken  for  analysis,  both  the  fine  and  coarse  drillings  being 
in  about  equal  proportion.  (Fine  particles  contain  more  silicon  than 
chips.)  Twenty  to  50  cc.  of  dilute  nitric  acid  (sp.gr.  1.135)  are  added 
the  sample  in  a  250-cc.  beaker  or  small  casserole,  and  this  covered.  If  the 
n  is  violent,  cooling,  by  placing  the  beaker  in  cold  water  until  the  violent 
n  has  subsided,  is  advisable.  Twenty  cc.  of  50%  sulphuric  acid  are  added 
the  solution  evaporated  on  the  hot  plate  to  SOa  fumes.  After  cooling, 
cc.  of  water  are  added  and  2  to  5  cc.  dilute  sulphuric  acid.  The  mixture  is 
ted  until  the  iron  completely  dissolves  and  the  silica  is  filtered  off  onto  an 
filter,  washed  with  hot  dilute  hydrochloric  acid  (sp.gr.  1.1),  and  with 
bot  "water  until  free  from  iron.  The  residue  is  ignited  and  the  silica  estimated 
ftceording  to  the  procedure  given  later. 

Pig  iron  and  cast  iron  may  be  decomposed  by  digestion  with  a  mixture  of  8  parts 
by  volume  of  HNOs  (sp.gr.  1.42),  5  parts  of  H2SO4  (sp.gr.  1 .84),  and  17  parts  of  water. 
Sied  and  wrought  iron  may  be  disintegrated  by  a  mixture  of  8  parts  by  volume 
of  HNOa  (sp.gr.  1.42),  4  parts  HtSOi  (1.84),  and  15  volumes  of  water. 

Perro  Silicons.    Dilute  hydrochloric  acid,  1  volume  of  acid  (sp.gr.  1.19), 
with  2  volumes  of  water  is  a  better  solvent  than  the  strong  acid. 

Steels  Containing  Tungsten,  Chromium,  Vanadium  and  Molybdenum. 
Fusion  with  x>otassiiun  acid  sulphate,  KHSOi^  in  a  platinum  dish,  or  sodium  per- 
in  a  nickel  crucible  will  generally  decompose  the  material.    Sodium  per- 
is of  special  value  in  decomposing  chromium  alloys. 

Carbide,  Carborundum.  This  is  best  brought  into  solution  by 
fusion  with  potassium  hydroxide  in  a  nickel  crucible.  Sulphuric,  hydrochloric, 
nitric  acids,  or  aqua  regia  have  no  effect  upon  this  refractory  material. 

Sulphides,  Iron  Pyrites,  etc.  These  require  oxidation  with  strong  nitric  acid  or 
a  m'jcture  of  bromine  and  carbon  tetrachloride,  followed  by  nitric,  exactly  accord- 
ing to  the  procedure  given  for  solution  of  pyrites  in  the  determination  of  sulphur. 
The  sample  is  taken  to  dryness  and  then  hydrochloric  acid  added  and  the  solution 
again  evaporated.    The  residue  is  dehydrated  and  silica  determined  as  usual. 

Slags  and  Roasted  Ores.  Digestion  with  hydrochloric  acid  according  to  the 
fint  gieneral  procedure  is  best.  The  addition  of  nitric  acid  to  decompose  sul- 
phides may  be  necessary. 

Decomposition  of  silicates  by  fusion  with  lead  oxide  (method  of  Jannasch), 
aad  calcium  carbonate  and  ammonium  chloride  (method  of  Hillebrand),  are  of 
value  when  sodium  is  desired  on  the  same  sample.  The  procedures  are  given 
under  chapters  on  Sodium  and  Potassium. 

Note.  KsCOt  is  preferred  to  NaiCOa  for  fusion  of  tungstates.  niobates  and  tan- 
talates  on  account  of  the  greater  solubility  of  the  potassium  salts.  For  corundum 
and  alumina  silicates  NafCOi  is  preferred  as  double  salt  of  potassium  and  aluminum 
are  lens  soluble  than  the  sodium  salt.^ 

Fluorides  of  sflioon  are  fused  with  boric  acid,  BFa  is  volatilized,  SiFi  is  not  formed. 
P.  Jannasch.' 

>  J.  L.  Smith,  Am.  Jour.  Sci.  (2),  40,  248,  1865.    C.  N.,  12,  220, 1865. 
« Bcr.,  28,  2822,  1896. 
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PROCEDURE  FOR  THE  DETERMINATION  OF  SILICON 

AND  SILICA 

As  has  been  stated,  the  gravimetric  method  for  determination  of  silica 
is  the  only  satisfactory  procedure  for  estimation  of  this  substance.  The  oxida- 
tion of  the  element  and  its  isolation  have  been  dealt  with  in  the  section  Prepara- 
tion and  Solution  of  the  Sample.  The  following  directions  are  for  purification 
and  final  weighing  of  the  element  in  the  form  of  its  oxide,  silica,  SiOs. 

Extraction  of  the  Residue — ^First  Evaporation.  The  residue,  obtained 
by  evaporation  of  the  material  after  decomposition  of  the  silicate,  by  acids  or  by 
fusion,  as  the  case  required,  is  treated  with  15-25  cc.  of  hydrochloric  acid  (sp.gr. 
1.1)  covered  and  heated  on^the  water  bath  10  minutes.  After  diluting  with  an 
equal  volume  of  water,  filtration  is  proceeded  with  immediately,  and  the  silica 
is  washed  with  a  hot  solution  consisting  of  5  cc.  hydrochloric  acid  (sp.^.  1.2) 
to  95  cc.  of  water.  This  filtration  may  be  performed  with  suction,  and  then 
with  hot  water.  The  filtrate  and  washings  arc  evaporated  to  small  volume  on 
a  sand  bath  and  finally  to  dryness.  This  contains  the  silica  that  dissolved  in  the 
first  extraction. 

Second  Evaporation.  The  residue  obtained  from  evaporation  of  the  filtrate 
is  dehydrated  for  2  hours  at  105-110°  C*  and  extracted  with  10  cc.  of  hydrochloric 
acid  (sp.gr.  1.1)  covered  and  heated  on  the  water  bath  for  ten  minutes  diluted  to 
50  cc.  with  cold  water  and  filtered  immediately,  without  suction.  The  residue  is 
washed  with  cold  water  containing  1  cc.  concentrated  hydrochloric  acid  to  99  cc. 
water,  the  w^ashed  residue  containing  practically  all  *  the  silica,  that  went  into  solu- 
tion in  the  first  extraction,  is  combined  with  the  main  silica  residue.  This  is  gently 
heated  in  a  platinum  crucible  until  the  filters  are  thoroughly  charred,  and  then 
ignited  more  strongly  to  destroy  the  filter  carbon  and  finally  blasted  over  a  M&er 
burner  for  at  least  thirty  minutes,  or  to  constant  weight,  the  crucible  being  covered. 
After  cooling  the  silica  is  weighed.  For  many  practical  purposes  this  residue  is 
accepted  as  silica,  unless  it  is  highly  colored.  For  more  accurate  work,  especially 
where  contamination  is  suspected  (silica  should  be  white),  this  residue  is  treated 
further. 

Estimation  of  True  Silica.  Silica  may  be  contaminated  with  BaSOi,  TiOa, 
AUOs,  FcaOa,  P2O6  combined  (traces  of  certain  rare  elements  may  be  present). 
The  weighed  residue  is  treated  with  3  cc.  of  water  and  5  cc.  of  hydrofluoric  acid, 
HF  (hood),  followed  by  several  drops  of  concentrated  sulphuric  acid.  After 
evaporation  to  dryness,  the  crucible  is  heated  to  redness  and  again  cooled  and 
weighed.    The  loss  of  weight  represents  silica,  SiOj.* 

^  Dehydration  of  silica  is  aided  by  the  presence  of  lime  and  retarded  by  magnesia. 
In  presence  of  the  latter  a  soluble  magnesium  silicate  will  form  if  the  aehy£atiaQ 
is  conducted  at  a  temperature  much  above  110°  C,  henre  it  is  better  to  avoid  this 
by  taking  more  time  and  heating  to  100  or  105°  as  recommended. 

Sodium  chloride  has  a  solvent  action  on  silica,  the  reaction  of  HCl  on  sodiuni 
silicate  being  reversible;  2HCl+Na2SiO«t:5  2NaCl-|-HjSiOa.  An  evaporation  of 
the  filtrate  to  dryness  will  recover  the  greater  part  of  the  silica  thus  dissolved. 

*  Not  more  than  0.1%  of  the  original  SiOa  may  still  be  in  solution. 

•  Silicic  acid  cannot  be  comf^letely  dehydrated  by  a  single  evaporation  and  heatingi 
nor  by  several  such  treatments,  unless  an  intermediate  filtration  of  silica  is  made. 
If,  however,  silica  is  removed  and  the  filtrate  again  evaporated  to  dryness  and  the 
residue  heated,  the  amount  of  silica  remaining  in  the  acid  extract  is  negligible. 
(See  Article  by  Dr.  W.  E.  Hillebrand,  Jour.  Am.  Soc,  24.) 
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Notes.    Lenher  and  Tniog  make  the  following  observations  for  determining  silica:^ 

1.  In  the  sodium  carbonate  fusion  method  with  silicates,  there  is  always  a  non- 
volatile residue  when  the  silica  is  volatilized  with  hydrofluoric  and  sulphuric  acids. 

2.  The  non-volatile  residue  contains  the  various  bases,  and  should  be  fused  with 
sodium  carbonate  and  added  to  the  filtrate  from  the  silica  when  the  bases  are  to  be 
determined. 

3.  In  the  dehydration  of  the  silica  from  the  hydrochloric  acid  treatment  of  the 
fusion,  the  temperature  should  never  be  allowed  to  go  above  110°. 

4.  Dehydrated  silica  is  appreciably  soluble  in  hydrochloric  acid  of  all  strengths. 
With  the  dilute  acid  used,  this  error  is  almost  negligible. 

5.  Dehydrated  silica  is  slightly  soluble  in  solutions  of  the  alkaline  chlorides.  As 
sodium  chlonde  is  always  present  from  the  sodium  carbonate  fusion,  an  inherent  error 
is  obviously  thus  introduced. 

6.  The  dehydrated  silica  along  with  the  mass  of  anhydrous  chlorides  must  not  be 
treated  first  with  water,  since  hy4rolysis  causes  the  formation  of  insoluble  basic  chlorides 
ol  iron  and  aluminum,  which  do  not  dissolve  completely  in  hydrochloric  acid. 

7.  Hydrochloric  acid  (sp.gr.  1.1)  in  minimum  amount  should  be  used  first  to  wet 
the  dehydrated  chlorides  and  should  be  followed  by  water  to  bring  the  volume  to 
about  50  cc,  after  which  the  silica  should  be  filtered  off  as  qui/;kly  as  possible. 

8.  Pure  silica  comes  quickly  to  constant  weight  on  ignition.  Slightly  impure 
silica  frequently  requires  long  heating  with  the  blast  flame  in  order  to  attain  constant 
waght,  and  is  then  conmionly  hydroscopic. 

9.  Evaporations  of  the  acidulated  fusion  in  porcelain  give  practically  as  good  results 
as  when  platinum  is  used. 

10.  Filtration  of  the  main  bulk  of  the  silica  after  one  evaporation  is  desirable,  inas- 
much as  the  silica  is  removed  at  once  from  the  solutions  which  act  as  solvents. 

11.  Dehydration  of  the  silica  under  reduced  pressure  has  no  advantages  over  the 
common  evaporation  at  ordinary  atmospheric  pressure. 

12.  Excessive  time  of  dehydration,  viz.,  four  hours,  possesses  no  advantages. 

13.  Elxoessive  amounts  of  sodium  carbonate  should  be  avoided,  since  the  sodium 
dJoride  subsequently  formed  exerts  a  solvent  action  on  the  silica.  The  best  propor- 
tions are  4-5  sodium  carbonate  to  1  of  silicate.  Less  than  4  parts  of  sodium  carbonate 
is  frequently  insuflicient  conipletely  to  decompose  many  silicates. 

14.  The  non- volatile  residue  has  been  found  to  be  invariably  free  from  sodium. 
Pure  silica,  on  fusion  with  sodium  carbonate,  subsequently  gives  no  non- volatile  residue. 

ANALYSIS  OF  SILICATE  OF  SODA 

Determination  of  Na20 

Five  granas  of  the  sample  are  dissolved  in  about  150  cc.  of  water  and  heated; 
1  cc.  of  phenolphthalein  is  added  and  then  an  excess  of  standard  sulphuric  acid 
from  a  burette.  The  excess  acid  is  titrated  with  standard  sodium  hydroxide 
to  a  permanent  pink. 

H,SO4X0.6321  ^Na^O. 

Silica.  Ten  grams  of  the  sample  are  acidified  with  hydrochloric  acid  and 
evaporated  to  dryness  on  the  steam  bath.  The  treatment  is  repeated  w^ith  addi- 
tional hydrochloric  acid  and  then  the  residue  taken  up  with  5  cc.  of  the  acid  and 
200  cc.  of  water.  The  residue  is  digested  to  dissolve  the  soluble  salts,  filtered, 
washed  and  ignited.  Silica  is  determined  by  loss  of  weight  by  volatilization 
of  the  silica  with  hydrofluoric  and  sulphuric  acids.    The  filtrate  is  made  to  1  liter. 

Iron  and  Alumina.  Five  hundred  cc.  (5  grams)  of  the  filtrate  from  the  silica 
determination  are  oxidized  with  HNO»  and  the  iron  and  alumina  precipitated 
with  anunonia,  washed,  ignited  and  weighed  as  AhOs  and  FcaOi.  The  residue 
is  dissolved  by  digestion  with  hydrochloric  acid  or  by  fusion  with  sodium  acid 

*  Victor  Lenher  and  Emil  Truog,  Jour.  Am.  Chem.  Soc,  88, 1050,  May,  1916. 
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sulphate,  and  subsequent  solution  in  hydrochloric  acid.  Iron  is  determined  by 
titration  in  a  hot  hydrochloric  acid  solution  with  standard  stannous  chloride, 
SnCls,  solution  as  usual.  If  only  a  small  amount  of  precipitate  of  iron  and 
alumina  is  present,  as  is  generally  the  case,  solution  by  hydrochloric  acid  is  prefer- 
able to  the  fusion  with  the  acid  sulphate.  The  latter  is  used  with  larger  amounts 
of  the  oxides. 

Lime,  CaO.  This  is  determined  in  the  filtrate  from  iron  and  alumina  by 
precipitation  as  the  oxalate  and  ignition  to  CaO. 

Magnesia,  MgO.  This  is  deteimined  in  the  filtrate  from  lime  by  precipita- 
tion with  sodium  ammonium  phosphate.  The  precipitate  is  ignited  and  weired 
as  MgjPsOT  and  calculated  to  MgO.     Precipitate  X 0.3621  =  MgO. 

Combined  Sulphuric  Acid.  One  hundred  cc.  of  the  filtrate  from  the  silica 
determination  (  =  1  gram)  is  treated  with  BaCU  solution  and  sulphuric  acid 
precipitated  as  BaS04. 

BaS04  X  0.4202  =H^04    or     X  0.3430=  SO,. 

Sodium  Chloride.  Ten  grams  of  the  silicate  of  soda  is  dissolved  in  100  cc. 
of  water  and  made  acid  with  HNOs  in  slight  excess  and  then  alkaline  with  Mg0. 
CI  is  titrated  with  standard  AgNOs  solution. 

Water.  This  is  determined  either  by  difference  or  by  taking  10  grams  to 
dryness  and  then  heating  over  a  flame  and  blasting  to  constant  weight. 

Note.     For  detailed  procedures  for  each  of  the  above  see  special  subject. 

ANALYSIS  OF  SAND,  COMMERCIAL  VALUATION 

Silica.  Two  grams  of  the  finely  ground  material  is  fused  in  a  platinum  cru- 
cible with  10  grams  of  fusion  mixture  (KsCOs-j-NajCOj)  by  heating  first  over  a 
low  flame  and  gradually  increasing  the  heat  to  the  full  blast  of  a  M6ker  blast 
lamp.  When  the  fusion  has  become  clear  it  is  cooled  by  pouring  on  a  large  plati- 
num cover.  The  fused  mass  on  the  cover  and  that  remaining  in  the  platinum 
crucible  are  digested  in  a  covered  beaker  with  hot  hydrochloric  acid  on  the  steam 
bath.  The  solution  is  now  evaporated  to  dryness,  taken  up  with  a  little  water 
and  25  cc.  of  concentrated  HCl  and  again  taken  to  dryness.  Silica  is  now  deter- 
mined by  the  procedure  outlined  under  the  general  method  on  page  372. 

Ferric  Oxide  and  Alumina.  The  filtrate  is  oxidized  with  crystals  of  solid 
IX)tassium  chlorate,  KCIO3,  and  iron  and  aluminum  hydroxides  precipitated 
with  ammonia.    The  precipitate  is  filtered,  washed,  ignited  and  weighed  as 

AliOa+FeaOa. 

Calcitmi  Oxide.  To  the  ammoniacal  filtrate  10  cc.  of  ammonium  oxalate 
solution  are  added,  the  solution  heated  to  boiling  and  the  precipitate  allowed 
to  settle  until  cold.  The  solution  should  not  be  over  200  cc.  The  calcium 
oxalate  is  filtered  off,  washed  and  ignited.    The  residue  is  weighed  as  CaO. 

Magnesitmi  Oxide.  The  filtrate  from  the  lime  is  made  strongly  ammoniacal 
and  10  cc.  of  sodium  anunonium  phosphate  added.  The  solution  during  the 
addition  is  allowed  to  stand  cold  for  some  time,  three  to  four  hours.  The  pre- 
cipitate is  filtered  and  washed  with  dilute  ammonia  (1  of  reagent  to  3  parts  of 
water),  then  ignited  and  weighed  as  MgaPjOi.  This  weight  multiplied  by 
0.3621=  MgO. 

For  more  detailed  directions  see  the  individual  subjects  under  the  chapters 
devoted  to  the  element. 
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W.  G.  Derby 

Ag,  at.wt.  107.88;  «p.  gr.  10.50-10.57;  m.p.  960.5 "^  C;   &.p.  about  IMO""  C; 

oxides,  AgsO,  AgiO,  AgzOs 

DETECTION 

A  trace  of  silver  in  most  substances  is  detected  with  greatest  certainty  by 
furnace  assay  methods. 

The  wet  method  of  detection  of  silver  most  commonly  practiced,  depends  upon 
observ'ation  of  the  properties  of  the  precipitate  formed  by  the  addition  of  a  not 
excessive  amount  of  alkaline  chloride  to  a  cold  nitric  or  sulphuric  acid  solution  of 
the  substance  undergoing  examination.  One-tenth  milligram  of  silver  precipi- 
tated as  silver  chloride  in  a  cold  200-cc.  acid  solution  gives  a  very  perceptible 
opalescence  to  the  liquid. 

Silver  chloride  is  white  when  freshly  precipitated,  tinted  pink  when  palladium 
is  present;  in  colorless  liquids  on  exposure  to  light  turns  brown,  violet,  blue  or 
black.  By  agitation,  heating  or  long  standing  the  precipitate  becomes  coagulated 
or  granular  and  in  such  a  state  is  retained  by  an  ordinary  filter.  The  presence  of 
some  forms  of  organic  matter  prevents  coagulation. 

Silver  chloride  is  dissolved  by  concentrated  hydrochloric  acid;  raising  the  tem- 
perature of  the  acid  assists  the  action.  It  is  dissolved  by  sodium  thiosulphate, 
alkali  cyanides,  mercuric  nitrate,  and  alkaline  chlorides. 

From  mercurous  chloride,  silver  chloride,  except  when  constituting  a  small 
proportion  of  the  precipitate,  is  distinguished  by  its  solubility  without  decomposi- 
tion in  ammonia.  Precipitation  from  its  ammoniacal  solution  is  accomplished  by 
acidif3dng.  Lead  chloride,  precipitable  also  by  hydrochloric  acid,  is  not  flocculent, 
does  not  coagulate,  but  dissolves  xiuite  freely  by  heating.  Addition  of  hydro- 
chloric acid  to  a  solution  of  silicon,  tellurium,  thallium,  tungsten  or  molybdenum 
may  produce  a  precipitate,  in  each  case,  easily  distinguishable  from  that  of  silver 
chloride,  but  may  mask  traces  of  the  salt. 

Silver,  in  a  cold  solution  containing  free  nitric  acid,  only  a  small  amount  of 
colored  salts  and  no  mercury,  may  be  detected  through  the  formation  of  a  white 
precipitate,  similar  in  api)earance  to  silver  chloride,  by  addition  of  a  slight 
excess  of  an  alkaline  thiocyanate. 

When  a  solution  of  silver  salt  ^  is  added  to  a  mixture  of  20  cc.  ammonium 
salicylate  (20  grams,  salicylic  acid  neutralized  with  ammonia,  a  slight  excess  added 
and  the  whole  made  up  to  1000  cc.)  and  20  cc.  of  a  5%  solution  of  ammonium  per- 
sulphate added,  an  intense  brown  color  is  produced,  which  will  detect  the  presence 
oi  a  0.01  milligram  of  silver.    Lead  does  not  affect  the  test. 

When  it  appears  that  the  chloride  or  thiocyanate  test  for  silver  is  not  positive 
on  account  of  the  presence  of  other  precipitable  elements,  the  precipitate,  after  it 

» A.  W.  Gregory,  Chem.  See.  Proc.,  24,  125,  1908. 
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settles,  is  filtered  through  the  finest  quality  of  paper,  and  the  mixture  of  the  ash  of 
the  incinerated  filter  with  dry  potassium  carbonate  heated  on  charcoal  with  a 
mouth  blowpipe.  If  silver  is  present  and  not  associated  with  a  large  amount  of 
palladium,  there  will  be  found  on  the  charcoal  pellicles  of  the  color  characteristic 
of  silver,  which  have  no  white  or  yellow  sublimate  when  melted  in  the  oxidizing 
flame  of  the  blowpipe.  The  pink  palladium  salts  of  silver  precipitated  by  a  chloride 
or  thiocyanate  before  the  blowpipe  produces  metal  which  is  dull  in  appearance  and 
not  readily  melted. 

Notes.  Silver  may  be  recognized  in  a  solution  of  concentration  1  to  240,000  by 
the  reduction  of  its  salts  with  alkaline  formaldehyde.^  Whitby's'  method  of  detec- 
tion and  estimation  of  small  amounts  of  silver  depends  upon  the  formation  of  a 
yellow  color  through  addition  of  sucrose  and  sodium  hydrate.  Ammonium  hydrate 
mterferes,  but  bismuth,  cadmium,  copper,  mercury  of  either  valence,  lead  or  zinc,  in 
amounts  equal  to  that  of  the  silver,  do  not.*  Maletesta  and  DeNola  add  to  the  solu- 
tion to  be  tested  a  few  drops  of  a  solution  of  nitrate  of  chromium  and  then  potassium 
hydrate  to  alkalinity.  A  brownish  turbidity  or  black  precipitate  of  silver  oxide  forms. 
Tne  limit  of  sensitiveness  is  0.5  milligram  in  100  cc. 

ESTIMATION 

Silver  is  determined  in  copper,  lead,  silver,  sulphur  or  other  ores,  in  copper  and 
lead  furnace  by-products,  and  in  lead  by  furnace  assay  methods,  in  which  a  prelim- 
inary acid  treatment  of  the  sample  is  rarely  employed;  in  native  copper  ore,  in 
copper,  copper  alloys,  gold,  gold  alloys  and  in  the  slime  from  the  electrolytic  refin- 
ing of  copper  or  lead  by  furnace  methods,  in  which  a  preliminary  acid  treatment  of 
the  sample  is  employed,  in  silver  alloys  by  volumetric  or  gravimetric  methods; 
in  mercury  by  a  gravimetric  method;  in  cyanide  mill  solution  or  solutions  contain- 
ing much  organic  matter  by  furnace  process  on  the  residue  obtained  by  evaporation 
or  precipitation;  in  silver  plating  electrolyte  by  electrolysis. 

Solubility.  Nitric  acid,  dilute  or  concentrated,  attacks  silver  rapidly  when  hot. 
The  presence  of  a  soluble  chloride,  iodide  or  bromide  in  the  solvent  or  substance 
will  retard  and  may  prevent  solution.  Unless  oxidizing  agents  are  present,  dilute 
sulphuric  acid  has  practically  no  action  on  massive  silver,  but  hot,  strong  acid 
commences  to  be  an  active  solvent  at  a  concentration  of  75%  H2SO4.  Hydro- 
chloric acid  attacks  silver  superficially.  The  action  of  alkaline  hydrates  or  car- 
bonates in  solution  is  inappreciable;  in  a  stat^*of  fusion,  slight. 

Furnace  Assay  Methods.  These  will  be  described  in  the  chapter  devoted  to 
that  subject. 

GRAVIMETRIC   METHODS 

Determination  as  Silver  Chloride 

The  method  is  not  of  extreme  accuracy  in  the  presence  of  much  antimony, 
mercury  or  lead.  By  precipitating  silver  chloride  in  a  well-diluted  solution  by  a 
weak  solution  of  the  precipitant,  the  error,  on  account  of  its  property  of  tenaciously 
n^taining  salts,  may  be  made  very  small.  Because  of  its  tendency  to  decompose, 
the  i)recipitate  of  silver  chloride  should  not  be  exposed  to  direct  sunlight  or  allowed 
to  stand  for  many  hours. 

^  Armani  and  Barboni,  Zeit.  Chem.  Ind.  KoUoide,  6,  290. 
2  Zeit.  Anorg.  Chem.,  67,  62;  C.A.,  4,  1444. 
«  BuU.  Chim.  Farm.,  62,  533. 
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To  the  hot  nitric  or  sulphuric  acid  solution  of  silver,  diluted  to  about  500  cc, 
IS  added,  with  constant  stirring,  a  few  cc.  at  a  time,  and  to  only  slight  excess,  a 
solution  of  hydrochloric  acid  containing  -^  the  per  cent  HCI. 

The  precipitate  of  silver  chloride  is  coagulated  by  heating,  or  brisk  stirring, 
the  liquid  cooled  to  room  temperature  and  filtered  through  a  tared  Gooch  crucible, 
which  has  been  thickly  bottomed  with  fiber  asbestos.  The  precipitate  is  washed 
with  water  containing  a  little  nitric  acid.  The  dried  crucible  is  heated  over  a 
flame  until  the  edges  of  the  precipitate  begin  to  fuse. 

AgCl  X  0.7526 -Ag. 

Note.  Alifeld  ^  adds  5  cc.  ether  to  the  halide  solution,  before  precipitation,  to 
hasten  coagulation. 

Determination  as  Silver  Cyanide 

In  the  analysis  of  mercury,  the  nitric  acid  solution  of  the  metal  is  nearly  neu- 
tralized with  a  solution  of  sodium  carbonate.  Potassium  cyanide  solution  is  then 
added  until  the  precipitate,  which  first  forms,  is  dissolved.  Then  under  a  hood 
with  strong  draft,  dilute  nitric  acid  is  added  in  slight  excess  of  the  quantity  required 
to  combine  with  the  base  in  the  amount  of  potassium  cyanide  present.  The 
precipitate  of  silver  cyanide,  practically  insoluble  in  dilute  nitric  or  hydrocyanic 
acid,  is  coagulated  by  stirring  or  long  standing  and  filtered  from  the  cold  solution 
of  mercuric  nitrate  by  use  of  a  tared  paper-bottomed  Gooch  crucible.  The  pre- 
cipitate is  washed  with  cold  dilute  nitric  acid  (1-10)  until  a  test  of  the  washings  with 
hydrogen  sulphide  shows  the  absence  of  mercury.  The  crucible  is  dried  at  212® 
to  constant  weight. 

AgCN  X  0.8057  =Ag. 

Notes.  Determination  of  silver  as  metal  through  precipitation  with  hypophos- 
phorous  acid '  as  silver  sulphide  or  as  silver  chromate '  are  methods  of  cloubtful 
technical  application. 

Electrolytic  Method  ^ 

According  to  the  strength  of  the  silver  bath  10  or  20  cc.  are  filtered  into  a  tared 
200-cc.  platinum  dish  and  according  to  the  greater  or  smaller  excess  of  cyanide 
present,  J  to  1  gram  of  potassium  cyanide  in  solution  is  added.  The  electrolyte 
diluted  to  about  a  half  inch  from  the  edge  of  the  dish  is  kept,  by  a  flame  under- 
neath, at  a  temperature  of  140  to  149®  F.  during  the  period  of  electrolysis  at 
N.D.,00  =0.08  amp. 

Complete  precipitation,  which  requires  three  to  three  and  a  half  hours,  is 
recognized  by  test  with  ammonium  sulphide.  Without  interruption  of  the  cur- 
rent, by  use  of  a  siphon,  displacement  of  the  electrolyte  with  water  is  accomplished. 
The  dish  is  rinsed  with  alcohol  and  ether,  dried  at  212°,  weighed  and  silver  obtained 
calculated  to  grams  per  liter  or  cubic  foot. 

Notes.  Benner  and  Ross*  deposit  0.15  gram  in  twenty  minutes  with  a  current  of 
3  amperes  from  50  cc.  of  electrolyte  containing  8  grams  potassium  cyanide  and  2 
grams  potassium  hydrate  on  a  9-gram  platinum  gauze  cathode. 

»  Z.  anal.  Chem.,  48,  79. 

'  Mawrow  and  Mollow,  Zeit  anor^.  Chem.,  61,  96. 

*  Gooch  and  Bos^^'orth,  Am.  J.  Sci.,  27,  241. 

*  Langbein,  "  Electro-Deposition  of  Metals,"  6th  Ed. 
» J.  A.  C.  S.,  July,  1911,  1106. 
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Exner  ^  using  a  platinum  dish  as  the  cathode  and  a  2-in.  diameter  bowl-shaped 
spiral  anode  revolving  700  R.P.M.,  deposited  0.4900  gram  from  about  125  cc.  of  ft 
hot  electrolyte  contaming  2  grams  potassium  cyanide  in  ten  minutes  at  N.D.m  2 
amps. 

The  above  methods  presume  the  absence  of  other  metals  precipitable  under  the  con- 
ditions mentioned. 

VOLUMETRIC  METHODS 

Volhard's  Thiocyanate  Method.  This  method  is  especially  adapted  to  de- 
termination of  moderate  quantities  of  silver  in  cold  dilute  nitric  acid  solutions 
which  contain  no  mercury,  nitrous  acid,  or  a  greater  amount  of  yellow,  red  or 
brown-colored  salts  than  will  give  an  appreciable  tint  to  the  solution,  and  not  so 
large  amount  of  blue  salts  as  will  mask  the  end-point. 

The  presence  of  palladium  and  silver  chloride  interfere  with  the  accuracy  of 
the  detemination.    Bromide  or  iodide  of  silver  *  may  be  present. 

The  method  is  based  on  the  greater  affinity  of  silver  than  ferric  for  thiocyanate 
ions.  When  silver  thiocyanate  has  been  completely  precipitated,  the  excess  of 
alkali  thiocyanate,  in  the  presence  of  free  nitric  acid,  reacts  with  a  ferric  salt  with 
formation  of  a  reddish-brown  solution  of  ferric  thiocyanate. 

The  ferric  indicator  may  be  made  from  ferric  ammonium  sulphate,  ferric 
nitrate  or  from  ferrous  sulphate  by  adding  a  large  excess  of  nitric  acid  to  its  con- 
centrated solution  and  boiling  to  decompose  nitrous  acid.  Whatever  salt  is  used 
for  indicator  it  should  be  free  of  chlorine,  its  solution  made  of  constant  ferric 
strength  and  used  in  quantities  graduated  according  to  the  volume  of  the  liquid 
titrated.  A  saturated  solution  of  ferric  ammonium  sulphate  (I  cc.  to  each  20  cc. 
of  the  liquid  to  be  titrated),  is  a  convenient  form  of  indicator.  The  standard 
solution  commonly  employed  for  the  determination  of  silver  in  silver  plate,  for 
the  trial  assay  of  Dor6  metal  and  for  the  assay  of  silver  bullion  by  the  Gay-Lussac 
pij^ette  method  has  a  silver  value  of  10  milligrams  per  cc.  Since  both  the  com- 
monly employed  thiocyanate  salts  are  deliquescent,  it  is  unnecessary  to  weigh 
out  the  exact  quantity.  Ammonium  is  less  likely  to  contain  chlorine  than 
potassium  thiocyanate.  In  the  decimal  solution  (silver  value  1  milligram  per 
cc),  the  liter  content  is  0.7-0.8  gram  of  ammonium  or  0.9-LO  gram  of  po- 
tassium thiocyanate.     Solution  is  made  with  chlorine-free  water. 

For  standardizing  the  decimal  solution,  1  gram  of  standard  silver  is  dissolved 
in  a  funnel-closed  liter  flask  by  20  cc.  of  equal  volumes  of  nitric  acid  and  water. 
After  boiling  to  docom{)ose  nitrous  acid  the  solution  is  made  up  to  mark  with 
water  at  room  t<nn|)erature. 

When  using  the  standard  thiocyanate  solution  with  the  object  of  obtaining  very 
accurate  results,  it  is  good  practice,  instead  of  using  a  standard  solution  of  silver, 
to  obtain  the  standard  by  titrating,  simultaneously  with  the  assays,  solutions  of 
known  (juantities  of  standard  silver  approximately  equal  in  amount  and  dissolved 
in  the  same  manner  as  the  assays. 

In  the  o[)eration  of  titration,  after  addition  of  the  prescribed  proportion  of  ferric 
indicator,  standard  thiocyanate  solution  is  added  from  a  burette  to  the  cold  silver 
solution  in  500-cc.  Erlennieyer  flask,  until  the  rate  of  bleaching  of  the  reddish- 
brown  color  slackens;  then  cautiously,  with  vigorous  agitation  after  each  addition, 

1  J.  A.  C.  S.,  Sept.,  1903.  900. 

2  Ilosanoflf  and  Hill,  J.  A.  C.  S.,  March,  1907,  273. 
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until  the  liquid  shows  a  tendency  to  become  clear  above  the  settled  precipitate  and 
a  reddish  tint  persists.  The  end-point  tint  obtained  in  standardizing  the  thio- 
cyanate  should  be  matched  in  titrating  the  assay  solutions.  In  case  the  end -point 
is  overrun,  standard  silver  solution  may  be  added  until  the  correct  tint  is  obtained, 
allowance  being  made  for  silver  so  added. 

Since  the  shade  of  color  at  the  end-point  is  dependent  upon  the  concentration 
of  ferric  salt  and  inasmuch  as  volume,  temperature,  amount  of  free  nitric  acid  and 
amount  of  silver  present  are  conditions  which  have  more  or  less  influence  upon 
the  determination,  such  conations  as  prevailed  during  the  standardization  of  the 
thiocyanate  solution  should  be  maintained  in  the  operation  of  the  assay. 

Notes.  Separation  from  colored  salts  may  be  brought  about  by  precipitating  the 
silver  with  a  very  slight  excess  of  thiocyanate,  allowing  the  precipitate  to  settle  until 
the  residual  liquor  is  clear,  washing  by  decantation  through  an  alundum  filter  cone 
or  asbestoe-bottomed  Gooch  crucible,  placing  the  filter  and  contents  in  the  flask  in  which 
precipitation  tookplace,  adding  strong  nitric  acid  and  heating  until  all  silver  thiocyanate 
18  decomposed.    Titration  is  made  on  the  cold  dilute  solution. 

Palladium,  in  quantity  sufficient  to  color  the  solution,  can  be  eliminated  by  re- 
moval of  free  acid  through  evaporation  just  to  dryness,  immediately  taking  up 
with  water  and  adding  a  drop  or  two  of  a  saturated  solution  of  sodium  acetate, 
(free  of  chlorine).  Pure  carbon  monoxide  is  passed  until  the  hot  liquid  is  decolor- 
ized. The  filtrate  from  the  palladium  after  addition  of  an  excess  of  nitric  acid  is 
titrated  when  cold. 

When  part  of  the  silver  is  present  as  silver  chloride,  as  an  unavoidable  product 
of  the  analysis,  it  should  be  removed  by  filtration  and  reduced  on  the  filter  with 
rinc  dust  after  removal  of  the  filtrate.  The  reduced  silver  is  washed  free  of  chlor- 
ide, dissolved  with  hot  20%  nitric  acid,  the  solution  washed  from  the  filter,  con- 
centrated by  boiling  and  added  to  the  filtrate  from  the  silver  chloride.  Titration 
may  then  be  made  on  the  silvpr  solution. 

In  the  application  of  the  Volhard  method  to  the  assay  of  a  cyanide  mill  solution,^ 
a  measured  volume  of  the  solution  is  run  through  a  (-in.  layer  of  zinc  dust  in  a 
Gooch  crucible  with  care  to  keep  the  zinc  always  covered  with  the  solution.  The 
zinc  washed  into  beaker,  is  cautiously  dissolved  with  nitric  acid,  the  solution 
boiled,  diluted  and,  when  cold,  titrated  with  a  thiocyanate  solution  which  has 
been  standardized  by  a  silver  solution  which  contains  an  amount  of  zinc  the  same 
as  used  in  the  process  of  reduction. 

Qay-Lussac  Method 

This  very  accurate  method  is  especially  adapted  to  the  valuation  of  silver 
bullion,  but  may  be  applied  in  principle  to  the  determination  of  silver  in  a  nitric 
add  solution  which  contains  as  little  as  100  milligrams  of  the  metal,  providing  the 
irc^ume  of  the  solution  is  not  so  large  or  color  so  deep  as  to  make  a  precipitate  of 
silver  chloride  equivalent  to  0.1  milligrams  of  silver  indistinguishable.  Metals 
srhose  presence  interfere  are  mercury  and  tin. 

The  method  is  founded  upon  the  almost  absolute  insolubility  of  silver  chloride 
or  bromide  in  cold  dilute  nitric  acid  and  the  property  of  the  precipitate  becoming 

completely  coagulated  through  agitation  that  it  settles  speedily,  leaving  a 

^  Clevenger,  Eng.  and  Min.  J.,  95,  892,  1913. 
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liquid  sufficiently  clear  to  permit  of  observance  of  any  precipitate  produced  by 
further  addition  of  precipitant. 

The  presence  of  free  sulphuric  acid  is  prejudicial  to  a  very  close  determination, 
because  of  the  volume  of  liquid  recjuired  to  keep  silver  sulphate  in  solution,  and 
also  because  the  result  of  agitation  after  addition  of  precipitant,  is  apt  to  be  a 
fine  precipitate  which  does  not  readily  settle. 

The  use  of  a  bromide  is  preferable  to  a  chloride  salt  as  a  reagent,  because  its 
silver  salt  is  less  affected  by  light,  coagulates  and  settles  more  readily,  will  suffer 
more  agitation  l.>efore  formation  of  a  fine,  slowly  settling  precipitate,  but  chiefly 
because  on  account  of  the  greater  insolubility  of  silver  bromide,  the  end-point  of 
the  operation  of  titration  is  more  sharply  defuied. 

The  reagents  recjuired  consist  of  chlorine-free  nitric  acid,  as  standard  solution 
of  an  alkali  bromide  or  chloride  of  approxunately  decinormal  strength,  a  decimal 
solution  of  the  same  salt  having  a  silver-precipitatmg  value  of  1  milligram  per  cc., 
and  a  decimal  silver  solution  containing  1  milligram  of  silver  per  cc.  in  the 
form  of  silver  nitrate. 

In  the  assay  of  silver  bullion,  the  standard  solution  may  contain  5.42  grains  of 
sodium  chloride  or  1 1 .03  grams  of  ix)tassium  bromide  or  9.54  grams  of  dry  ao- 
dium  bromide  per  liter,  and  should  have  a  silver  precipitating  value,  as  indicated 
by  the  method,  of  about  1  gram  per  100  cc. 

The  factor  of  volume  change  per  degree  change  of  temperature  from  15  to  21^  C. 
is  approximately  0.00012;  from  20  to  26'',  0.00019;  from  25  to  31**  C,  0.00024. 

Although  the  approximate  precipitating  value  should  be  known  by  prevMNis 
test,  it  is  the  better  i)ractice  to  det<jrmine  the  exact  value  by  running  two  or  more 
cheeks  of  pure  silver  simultaneously  ^ith  each  batch  of  assajrs  t^ban  to  apply 
the  temi)erature  correction  factor. 

The  decimal  salt  solution  is  best  made  from  C.P.  salts,  either  0.5149  gram 
sodium  chloride  or  1.1033  grams  ix)tassium  bromide  per  liter. 

The  decimal  silver  solution  is  made  by  dissolving  1  gram  of  pure  silver  with  ft 
few  cc.  of  nitric  acid  and  making  up  to  1  liter  ^ith  distilled  water.  (See  Method 
for  Prei)arati()n  of  Pure  silver,  page  384.) 

The  apparatus  recjuired  consists  of  a  pij^tte  which  will  deliver  approximately 
100  cc.  with  an  accuracy  of  not  over  5  milligrams  variation  in  weight  of  the  stand- 
ard solution  at  constant  toniixTature  between  successive  deliveries,  10-cc.  burettes 
with  glass  stopcocks;  and  8-oz.  narrow  mouth,  round,  flint-glass  bottles  with  high, 
tightly  fitting  stopjxTs;  the  assay  bottles  should  be  of  a  quality  which  will  endure 
heating  in  a  steam  bath  or  in  a  hot  plate. 

The  Stas  or  Kicketts  overflow  piix'tte,  liste<l  by  all  laborator>'  supply  firms,  is 
the  type  most  commonly  used.  This  pijwtte  is  filled  by  gravity  flow  through 
a  rubber  tube  from  the  standard  solution  reservoir  connected  to  the  discharjpe- 
end.  When  the  liquid  overflows,  the  top  is  closed  by  finger,  the  pinchcock  closedi 
the  supply  tube  removed  an<i  the  hanging  drop  wiped  off. 

Care  to  avoid  introducticm  of  air  bubl)]cs  into  the  pipette,  uniform  habit  in 
resp(M't  to  ])ressure  of  the  finger  on  the  top,  and  method  of  wiping  off  the  hanging 
drop,  must  be  practiced  to  obtain  good  results. 

The  automatic  dividing  pipette  with  thre(»-way  stojxiock  shown  in  the  illustra- 
tion, will  give  remarkably  accurate  deliveries  when  properly  constructed  and 
niaiiipulatod.  This  ty{)e  of  jHiH'tte  of  the  form  ordinarily  furnished  by  supply 
houses,  will  ran^ly  deliver  with  sufiicient  accuracy  for  bullion  assays. 

Since  the  end-i)oint  by  the  Gay-Lussac  method  dejjends  upon  the  obscr\'aDce 
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of  cesBation  of  precipitation,  it  is  evident,  in  order  to  avoid  undue  tediousness 
in  its  operation,  that  the  silver  content  of  the  amount  of  sample  taken  for  assay 
should  be  known  wilhin  a  few  milligrams. 

This  may  be  ascertained  by  assay  of  1  gram  of  the  sample  by  the  Volhard 
method,  using  a  thiocyanate  solution  of  docinormal  strength,  or  by  cupellation  with 
application  of  a  correction  for  cupel  absorption. 

The  approximate  silver  value  having  been  determined,  such  an  amount  of 
the  sample  is  weighed  out  and  placed  in  an  assay  bottle,  as  will  contain  silver  in 
sl^ht  excess  of  the  silver  equivalent  of  the  pipette  full  of  standard  salt  solution. 
Ten  to  15  cc.  of  nitric  (1.26  sp.gr.)  acid  are  added  and  the  bottle  kept  in  a  steam 
bath  or  on  a  moderately  hot  plate  until  solution  of  silver  is  complete. 


Fio.  59. — Apparatus  for  Determining 


Gay-Lussac  Method. 


To  the  cold  solution  of  the  sample  is  added  a  pipette  full  of  the  standard  salt 
ntdtian  and  the  tightly  stoppered  bottle  agitated  until  the  precipitate  will  settle 
•ith  sufficient  completeness  to  permit  of  observance  of  any  turbidity  produced 
liy  addition  of  either  of  the  decimal  solutions. 

More  af^tation  than  is  absolutely  nccessar}'  should  be  avoided,  because  of  the 
iDcnaaiDg  tendency  of  the  precipitate  toward  the  fine  granular  form,  which  settles 
««o*ly. 

On  account  of  alteration  of  the  character  of  the  precipitate  by  sunlight, 
U>e  titration  should  be  carried  out  in  a  shaded  place  and  as  expeditiously  as 
PMBible. 

One-tenth  cc.  of  the  decimal  salt  solution  in  dropped  into  the  bottle,  and  holding 
^  bottle  against  a  dark  background,  the  appearance  of  the  cloud  of  precipitate 
ilnntwl 
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From  the  character  of  the  precipitate,  after  some  practice,  it  is  possible  to  judgie 
whether  a  single  cc.  or  more  may  be  added  at  once,  or  whether  the  titration  must 
be  continued  by  one-tenth  cc.  additions. 

Until  the  non-appearance  of  cloudiness  indicates  the  end-point,  the  bottle 
should  be  agitated  after  each  addition  of  decimal  salt  solution. 

If  the  pipette  full  of  standard  solution  is  more  than  sufficient  to  precipitate  the 
silver,  or  in  case  the  end-point  has  been  run  over,  decimal  silver  solution  is  added 
in  1  cc.  portions  until  precipitation  ceases.  Decimal  salt  solution  is  then  added 
cautiously  until  the  end-point  is  reached.  Completion  of  the  titration  should 
always  be  with  the  decimal  salt  solution.  Some  confusion  in  judgment  of  the  end- 
point  may  arise,  on  account  of  the  fact  that  an  excess  of  sodium  chloride  produces 
turbidity.  The  appearance  of  the  cloud  so  produced  is  characteristic,  and  can  be 
distinguished  after  some  practice  from  that  exhibited  when  silver  is  still  in  excess. 
If  bromide  standard  and  decimal  solutions  are  used,  excess  of  the  reagent  produces 
a  turbid  film  only  after  long  standing. 

The  silver  value  in  milligrams  of  the  standard  solution,  plus  the  number  of  cc. 
of  decimal  salt  solution  which  produced  a  precipitate,  minus  the  number  of  cc. 
of  decimal  silver  solution  added,  gives  the  amount  of  silver  in  the  quantity  of  sam- 
ple weighed  out. 

The  result  calculated  to  milligrams  silver  per  gram  of  sample  is  customarily 
reported  in  the  case  of  silver  bullion  as  points  fineness. 

The  accuracy  of  the  method  is  limited  by  the  quality  of  pipette  and  the  skill  of 
the  operator.  With  a  pipette  which  delivers  accurately  an  experienced  operator 
can  speedily  make  analyses  in  which  the  error  is  only  of  the  order  of  plus  or  minus 
0.1  milligram  of  silver.  In  the  comparison  of  purity  of  samples  of  pure  silver, 
it  is  customary  to  carry  out  determinations  to  the  limit  of  the  known  accuracy 
of  the  pipette  delivery. 

Notes.  If  the  amount  of  mercury  present  is  veiy  small,  addition  of  20  cc.  of  a 
saturated  solution  of  sodium  acetate  ana  several  cc.  of  acetic  acid  before  introduction 
of  the  standard  salt  solution  will  prevent  precipitation  of  chloride  of  mercury.  When 
the  quantity  of  mercury  is  so  large  that  this  method  fails,  the  Quantity  of  silver  wcighei 
out  18  heated  several  hours  at  a  red  heat  in  a  small  covered  crucible  surrounded  by 
coarsely  i)owdered  charcoal  within  a  covered  crucible  of  larger  size. 

When  tin  is  known  to  he  present  *  in  the  bullion  to  the  extent  of  less  than  5%. 
2  grams  tartaric  are  added  to  the  assay  bottle  and  dissolved  with  3  or  4  cc.  hot  water. 
When  the  licjuid  is  cool,  10  cc.  nitric  acid  (1.26  sp.gr.)  are  added  and  solution  of  the 
bullion  effected  by  the  action  of  acid  without  the  aid  of  heat.  Unless  prevented  from 
forming  by  addition  of  tartaric  acid,  metastannic  acid  stays  in  suspension  and  obscuitf 
the  end-point.  If  more  than  5%  of  tin  is  present,  such  an  amount  of  the  sample  should 
Ik;  weighed  out  which  will  make  the  tin  content  of  the  assay  less  than  50  milligrams. 
A  weighed  amount  of  pure  silver  is  added  sufficient  to  make  the  total  silver  present  in 
the  assiiy  shghtly  more  than  the  silver  value  of  the  standard  salt  solution  and  the 
method  of  solution  carried  out  as  described. 

No  pii)ett<i  is  of  use  in  the  practice  of  the  Gay-Lussac  method  which  shows  any 
tendency  to  spatter  at  the  beginning  or  ending,  or  yields  a  quickly  following  or  cling- 
ing droj)  at  tlie  completion  of  distrharge.  The  film  of  liquid  adherent  to  the  inner  sur- 
face of  the  !)ody  of  a  good  pipette  will  drain  without  sign  of  rivulet  effect  and  be 
retained  !)y  the  cajnllary  of  the  discharge  tube  for  at  least  a  minute. 

Determinations  can  be  made  without  the  use  of  the  pipette  by  introducing  the 
precipitant  in  the  form  of  a  weighed  amount  of  the  standard  solution  or  of  finely 
powdered  pure  dry  salt,  after  dilution  of  the  silver  solution  to  about  125  cc.    The 

1  L.  E.  Salas,  Bull.  A.  I.  M.  E.,  6S,  267. 
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ilver  value  of  the  salt  should  be  detennined  by  canying  out  the  operations  of 
he  method  on  pure  silver. 

Combination  Methods 

Combination  of  the  operations  of  the  Gay-Lussac  and  Volhard  methods  have 
)een  devised  to  avoid  the  tediousness  incident  to  the  performance  of  the  Gay- 
Lussac  method  by  the  unexperienced.  By  the  modified  methods  the  amount  of 
'ample  to  be  weighed  out  is  determined  by  preliminary  assay,  and  is  dissolved  in 
the  same  manner  as  in  the  practice  of  the  Gay-Lussac  method,  but  with  the  added 
precaution  to  decompose  nitrous  acid  in  the  silver  solution  by  gentle  boiling  when 
completion  of  the  titration  is  to  be  accomplished  by  the  Volhard  method. 

The  operation  of  the  combination  methods  consists  briefly  of  precipitation  of 
all  but  a  few  milligrams  of  silver  by  a  standard  solution  of  alkali  thiocyanate, 
chloride  or  bromide  added  from  the  Stas  pipette  and  estimation  of  the  excess  of 
silver  with  a  decimal  solution  of  thiocyanate  or  by  a  colorimetric  or  nephilometric 
method. 

The  procedure  favored  by  the  writer  is  to  use  a  standard  solution  of  potassium  bro- 
mide as  the  pipette  precipitant.  After  the  liquid  is  cleared  by  shaking,  it  is  decanted 
u  completely  as  possible  into  a  500-cc.  Erlenmeyer  flask.  The  precipitate  is  washed 
by  five  30-cc.  portions  of  water  containing  a  little  nitrous-free  nitric  acid,  each  por- 
tion being  shaken  before  decanting.  Using  the  same  amount  of  ferric  indicator  as  in 
the  check  assays,  decimal  thiocyanate  solution  is  added  until  not  a  very  deep  tint  remains 
peraianent  after  vigorous  agitation.  Decinormal  silver  solution  is  then  added  until 
^  tint  is  discharged.  When  the  assay  is  sufficiently  free  of  copper  or  other  colored 
N^ts  to  permit  accurate  matching  of  tints,  the  decanted  liquia,  which  may  contain 
particles  of  silver  bromide  without  interference,  is  titrated  with  decimal  thloc3^anate 
to  the  appearance  of  a  tint  which  will  match  that  of  the  check  assays.  Except  when 
pobred  salts  are  present  in  such  quantity  as  to  make  recognition  of  the  point  of  bleach- 
ing of  the  ferric  thiocyanate  coloration  uncertain,  the  extreme  range  of  error  is  0.3 
part  per  1000. 

For  colorimetric  method,  see  Smith,  I.M.M  Bull.  No.  28.  Determination  of  the 
i^dual  silver  in  the  filtrate  from  the  thoroughly  washed  silver  bromide  precipitate  is 
Pnicticable  by  use  of  a  suitable  nephelometric  apparatus.^ 

Denige*s  Cyanide  Method  * 

^ver  which  has  been  precipitated  as  chloride  may  be  determined  volumetric- 
tlly  by  dissolving  the  precipitate  with  a  measured  quantity  of  a  standard  solution 
of  potassium  cyanide  of  about  decinormal  strength. 

AgCl-h2KCN  =KAg(CN)2+KCl. 

Potassium  iodide  is  then  added  and  the  excess  of  standard  potassium  cyanide 
nlution  determined  by  addition  of  potassium  iodide  and  titration  to  the  first  ap- 
Msranoe  of  a  permanent  precipitate  with  decimormal  silver  nitrate. 

AgN03+KI  - AgI+KN03;  AgI-h2KCN  =KAg(CN)2+KI. 

NoTFs.  If  the  last  portion  of  the  precipitate  of  silver  chloride  dissolves  with  diffi- 
ulty  in  the  potassium  cyanide,  the  liquid  may  be  decanted  into  another  beaker  and 
>lution  completed  with  anunonia.     The  solutions  are  combined. 

»  Richards  and  Wells,  Am.  Chem.  J.,  235,  1903;  Richards^  ibid.,  510,  1906;   Rich- 
rds.  Com.  8th  Int.  Cong.  Ap.  Chem.,  Sec.  1,  423. 
>  CknneU,  "  The  Cyanide  Handbook,"  433. 
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Extreme  sensitiveness  is  claimed  for  the  method  if  centinormal  solutions  be 
used  and  the  opalescence  indicating  the  end-point  be  detected  by  a  beam  of  light  acion 
the  liquid. 

Miscellaneous  Volumetric  Methods 

Silver  may  be  determined  by  addition  from  a  burette  of  a  portion  of  a  known 
volume  of  its  neutral  or  slightly  acid  solution  to  a  standard  solution  of  sodium 
chloride  which  contains  a  little  potassium  chromate  or  bichromate  and  sufGcient 
chlorine-free  magnesium  oxide  emulsion  to  neutralize  free  acid.  The  end-point 
is  indicated  by  the  formation  of  a  reddish  or  brown  precipitate. 

By  Pisani's  Method  ^  a  standard  solution  of  iodide  of  starch  is  added  to  a  \'ei7 
dilute  neutral  solution  of  nitrate  of  silver  until  the  fluid  becomes  permanently  blue. 

By  VogePs  Modification  of  Pisani's  Method,*  the  silver  solution,  which  maj 
contain  free  acid,  is  titrated  with  standard  starch  iodide  solution  after  addition  of 
nitric  acid  containing  nitrous  acid. 

By  Andrews'  Modification,'  the  standard  solution  of  starch  iodide  is  added  to 
a  solution  of  silver  nitrate  which  contains  so  much  ferrous  nitrate  or  sulphate  that 
iron  will  be  in  excess  of  the  silver  present. 

2AgN03+2Fe(N03),+I,=2AgI+2Fe(NO,), 

By  Gooch  and  Bosworth's  Method,^  silver  is  determined  by  precipitating  with 
an  excess  of  potassium  chromate,  dissohing  the  precipitate  in  ammonia,  repre- 
cipitating  by  boiling  to  low  volume  and  determining  iodometrically  either  tlie 
chromate  ion  combined  with  the  silver,  or  that  remaining  after  precipitating  the 
silver  with  a  known  amount  of  standard  potassium  chromate.' 

Nephelometric  Method 

This  method  is  practicable  for  the  determination  of  a  small  concentration  d 
silver  in  ii  clear  and  colorless  liquid.  Less  than  2  milligrams  of  silver  can  be  esti- 
mated with  considerable  accuracy  by  matching  the  opalescence  produced  by  a  drop 
of  hydrochloric  acid  with  that  from  a  known  quantity  in  a  liquid  of  the  same  volume, 
depth  and  temi)erature.  Intensity  of  opalescence  attains  the  maximum  in  about 
five  minutes  after  ])recipitation.  Standard  silver  solution  is  made  by  dissoWoi  , 
500  milligrams  standard  silver  (see  Preparation  at  close  of  chapter)  with  several cc. 
of  dilute  nitric  in  a  liter  flask  and  making  the  solution  up  to  the  mark.  For  most 
technical  d(»ternii  nations  the  apparatus  may  consist  of  clear  glass  cylinders  (color 
tubes)  of  suitable  size.  More  accuracy  can  be  arrive<i  at  by  use  of  a  nephelometer 
of  refined  construction,  for  example  •  the  combination  of  a  projection  lantern 
iv  (1  a  I)ul)osc(i  colorimeter. 

Preparation  of  Pure  Silver.  The  volumetric  methods  used  for  the  deteTminaiioD 
of  liigh  perrcntagos  of  silver,  employ  solutions  which  should  be  standardized  by  metal 
of  the  highest  purity.  For  the  preparation  of  this  metal,  the  electrolytic  method  M 
described  below  is  preferred  by  lal)oratorics  which  are  suitably  equipped. 

»  Hobiere.  Hull.  Soe.  Chim.,  17,  306,  1915;  J.  S.  C.  I.,  Oct.  30,  1915,  1073. 
'  FYesenius,  "Quantitative  Analysis." 
^  ^  Zeit.  fiir  Anorg.  Chem.,  26,  175. 
^Ani.J.Sci.,27,302. 

^  Arn.  Chcni.  Soc.  Chcra.  AKs.,  Aug.  10,  1909,  1735. 

•^  Wells,  Am.  Chem.  J.,  36,  99,  508;  Richards,  Am.  Chem.  J.,  85, 510;  Dienert,  Compt 
rend.,  loS,  1117. 
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For  the  manufacture  of  a  large  quantity — several  pounds — a  basket-like  support 
[>r  the  anode  is  made  of  several  gla^  rods  bent  so  that  they  will  hang  from  the  rim  of 
.  tall  1000-cc.  or  larger  beaker  or  battery  jar  and  dip  into  the  receptacle  about  an  inch. 
Smaller  anodes  may  be  supported  by  the  positive  wire  or  by  a  cloth  bag  fixed  in 
)lace  by  a  string  under  the  flare  of  the  rim  of  tne  beaker.  In  any  arrangement  for  the 
fupport  of  the  anode,  allowance  of  room  should  be  made  for  the  introduction  and 
free  movement  of  an  L-shaped  stirring  rod. 

The  cathode  may  consist  of  sheet  silver  or  of  platinum  foil;  and  lies  flat  on  the  bot- 
tom of  the  beaker.  The  immersed  length  of  the  silver  or  platinum  wire  leading  from 
the  cathode  should  be  covered  with  rubber  tubing. 

Conmiercial  silver,  usually  about  999  fine,  may  be  used  for  the  anode,  but  by  retreat- 
ment  of  the  deposit,  very  impure  silver  may  be  used,  providing  that  the  quantity 
of  tellurium  present  is  very  low.  The  presence  of  tellurium  will  exhibit  itself  in  the 
impossibility  of  obtaining  the  desired  coarsely  crystalline  deposit. 

Tellurium  in  moderate  quantities  may  be  removed  by  melting  the  silver  in  a  crucible 
orscorifier,  adding  niter,  permitting  the  silver  to  nearly  freeze,  raising  the  temperature 
and  pouring  into  a  hot  crucible  or  scorifier  in  which  the  operation  is  repeated,  preferably 
ina  muflSe  furnace,  until  the  surface  of  the  silver  is  without  streaks  or  spots  when  cooled 
to  near  freezing.  An  oxidizing  atmosphere  about  the  molten  metal  should  be  main- 
taujed.  On  the  basis  of  172  grams  silver  per  cubic  inch  an  anode  mould  for  any  con- 
venient amount  of  silver  may  be  shaped  from  4-in.  pieces  of  1-in.  square  rod  on  a  smooth 
iron  plate.  Just  before  the  anode  bar  sets  in  the  mould,  a  silver  terminal  strip  or  wire 
is  plunged  into  it. 

.\fter  coating  the  contact  wire  or  strip  and  the  surface  of  the  anode  about  it  with 
sealing  wax,  the  anode  is  wrapped  with  filter  paper,  held  firmly  in  place  by  string  or 
rubber  bands.  If  the  anode  weighs  half  a  pound  or  more,  the  anoae  is  also  wrapped 
*ith  cotton  flannel  which  has  been  washed  with  water  until  free  of  chloride.  A  porous 
dish,  cylinder  or  filter  cone  can  be  used  instead  of  filter  paper  and  cloth. 

The  electrolyte  contains  about  4%  of  C.P.  silver  nitrate  and  half  a  per  cent  of  chlor- 
ine-free nitric  acid  in  distilled  water,  and  fills  the  beaker  or  jar  so  it  wets  only  the  lower 
surface  of  the  anode. 

.  The  current,  of  about  0.1  ampere  per  square  inch  of  cathode  surface  at  the  start, 
Js  raised  after  deposition  has  proceeded  for  a  few  minutes  to  the  limit  at  which  a  coarsely 
co'stalline  deposit  can  be  maintained. 

Inasmuch  as  the  electrolysis  proceeds  at  a  rate  of  4  grams  per  ampere  hour,  some 
attention  is  required  to  break  up  short  circuits  and  to  pack  aown  the  rather  bulky 
deposit.  The  deposit,  if  coarse,  can  be  washed  very  easily  free  of  electrolyte,  and  after 
luting  to  near  redness  is  in  the  form  preferred  for  use  by  many  assayers. 

Other  methods  which  may  be  employed  consist  of  aissolving  the  crude  silver  with 
nitric  acid  about  1.20  sp.gr.  or  with  hot  concentrated  sulphuric  acid,  if  platinum  is  pres- 
ent, separating  the  gold  and  platinum  by  filtration,  precipitating  AgCl  with  not  too 
laiwB  an  excess  of  HCl,  stirring  the  precipitate  until  it  coagulates,  washing  repeatedlv 
with  hot  water  until  a  washing  is  obtained  which  shows  no  precipitate  with  HaS, 
reducing  the  silver  chloride  by  contact  with  pure  zinc,  wrought  iron  or  the  silver  ter- 
mioal  of  a  carbon-«ilver  couple  aluminum  foil,  and  washing  with  hot  dilute  HCl  until 
a  test  of  the  decanted  liquid  indicates  absence  of  the  precipitating  element.  The 
dried  silver,  mixed  with  aoout  1%  of  dry  sodium  carbonate,  is  packed  into  a  clay 
crucible,  the  inside  of  which  has  been  glazed  with  borax  glass  and  covered  with  a 
layer  of  crushed  charcoal. 

The  sodium  carbonate  is  omitted  in  case  it  is  desired  to  melt  silver  refined  by 
tlectrolysis. 

The  silver  melted  in  the  tightly  covered  crucible  is  poured  into  an  iron  mould  which 
tas  been  chalked  or  black  leaded. 

By  Knorr's  method,*  a  solution  of  silver  nitrate  from  which  excess  of  nitric  acid  has 
een  removed  by  evaporation  is  freed  of  metallic  impurities  by  adding  enough  sodium 
9Lrbonate  to  precipitate  one-tenth  of  the  silver,  boiling  and  filtering.  The  silver  in  the 
Urate  is  precipitated  by  sodium  carl)onate  and  the  precipitate  decomposed  without 
ddition  of  reaucing  reagent,  by  melting  in  a  crucible.  £xcess  sodium  carbonate 
irried  down  with  the  precipitate  of  silver  carbonate  will  cover  the  fusion  and  such  as 
Iheres  tightly  to  the  metal  is  readily  removed  by  hydrochloric  acid.  The  metal 
lould  be  smelted  under  charcoal. 

I  Liddell,  "  Metallurgists  and  Chemists'  Handbook." 
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If  tne  cover  of  the  charcoal  is  omitted  or  burned  away  during  the  fusion,  the  molten 
metal  is  capable  of  absorbing  oxvgen  from  the  atmosphere  to  the  extent  ot  about  0  23% 
of  its  weight.  This  gas  is  expelled  during  the  passage  of  the  metal  into  the  sohd  state 
and  produces  a  casting  which  cannot  be  rolled  into  smooth  sheets 

The  most  convenient  size  and  shape  of  castings  for  rolling  is  but  little  larger  than  a 
lead  pencil.  Before  rolling,  the  casting  is  cleaned  of  particles  of  the  mould  wash  After 
rolling  to  about  cardboard  thickness,  the  sheets  mav  be  cut  up  into  strips  of  convenient 
size  and  len^h,  then  digested  with  dilute  hydrochloric  acid  (1  to  5  of  water)  washed 
with  ammonia  and  finally  with  pure  water. 

The  silver  then  should  be  dried  and  annealed  bv  heating  to  redness.  It  is  best 
preserved  in  a  glaesHstoppered,  salt-mouth  bottle  ancl  should  Be  exposed  to  laboratoiy 
atmosphere  as  little  as  possible. 

The  purity  of  each  batch  of  silver  made  should  be  compared  by  use  of  the  Gay-Lussad 
method  with  standard  silver,  the  purity  of  which  has  b^en  determined  by  analysis  of 
a  50-  or  100-^.  portion  for  Se  and  Te,  As,  Sb,  Pb,  Cu,  Au.  and  the  element  employed 
in  reducing  silver  chloride,  if  the  reduction  method  was  followed  in  the  manufactan 
of  the  metflJ. 


STRONTIUM 

Wilfred  W.  Scott 
Sr'S  at.wt.  87.63 ;  8p.gr.  2.54 ;  m.p.  900''  C ;  oxides  SrO  and  SrOf 

DETECTION 

Strontium  is  precipitated  with  barium  and  calcium,  in  the  filtrate,  from  the 
ammonium  sulphide  group,  by  addition  of  ammonium  carbonate  to  the  ammo- 
niacal  solution.  The  precipitate  is  dissolved  in  acetic  acid  and  treated  with  potas- 
tassium  dichromate,  and  the  barium  filtered  off  as  BaCrO*.  Strontium  and  cal- 
cium in  the  filtrate  are  separated  from  the  excess  of  potassium  chromate  by 
leprecipitation  as  carbonates  by  the  addition  of  anmionium  carbonate,  the 
precipitate  again  dissolved  in  acetic  acid  and  the  excess  of  free  acid  neutralized 
"with  ammonia.  Strontium  may  now  be  precipitated  from  the  concentrated  solu- 
tion by  boiling  with  an  equal  volume  of  a  saturated  solution  of  calcium  sulphate. 

Sodium  Sulphate  Test.  A  saturated  solution  of  the  salt  added  to  a  solution 
containing  strontium  chloride,  made  strongly  acid  with  acetic  acid,  and  the 
mixture  boiled,  will  produce  a  distinct  precipitate  if  strontium  exceeds  0.0015 
ix)mud.    Calcium  does  not  precipitate  until  1.3  normality  is  reached.  ^ 

Flame  Test.  Strontium,  preferably  in  the  form  of  the  chloride  in  a  hydro- 
chloric acid  solution,  placed  on  a  platinum  loop  and  held  in  a  colorless  flame, 
colors  the  flame  crimson.  (Lithium  gives  a  red  color,  calcium  a  yellowish-red.) 
The  test  is  best  confirmed  by  means  of  the  spectroscope. 

The  Spectra  of  Strontium.  Eight  bright  bands;  6  are  red,  1  orange,  1  blue. 
Two  of  these,  known  as  strontium  /3  and  7,  are  red,  the  orange  is  strontium  a  and 
the  blue  strontium  5.  The  delicacy  of  the  test  is  0.6  milligram  Sr  per  cc.  The 
test  is  very  much  more  delicate  with  the  arc  spectra,  e.g.,  0.03  milligram  Sr  per 
cc.    See  chapter  on  barium,  Preliminary  Tests  under  Separations. 

ESTIMATION 

Strontium  never  occurs  free  in  nature.  It  is  found  principally  in  the  ores 
•lestine,  SrSOi,  and  strontianite,  SrCOj.  It  generally  accompanies  calcium 
I  the  various  forms  of  calcite  and  aragonite.  It  occurs  with  barium  in  bary- 
leelestine,  and  is  found  in  barytes.  It  also  occurs  associated  with  barium  as 
silicate  in  brewsterite,  AljOa'H4(BaSr)0,-(Si02)e*3H20.    It  is  found  in  traces 

certain  mineral  waters  and  in  sea-water. 

The  compounds  of  strontium  are  used  for  medicinal  purposes;  for  red  fire  in 
Totechnics;  for  the  manufacture  of  iridescent  glass;  the  dioxide  for  bleaching 
ifposes;  the  sulphide  for  luminous  paint;  the  hydroxide  for  refining  of  beet- 
jt  sugar,  being  preferable  to  lime,  as  the  saccharate  of  strontia  is  more  granular. 

» J.  D.  Hinds,  Jour.  Am.  Chem.  See,  86,  301,  1911. 
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Preparation  and  Solution  of  the  Sample 

The  following  fticts  regarding  solubility  may  be  of  value  in  the  determinatioii 
of  strontium.  One  hundred  ce.  of  water  dissolves  0.4  gram  Sr(OH)i.  The 
hydroxide  is  less  soluble  than  that  of  barium.  The  peroxide  dissolves  to  the 
extent  of  only  0.008  gram  per  100  cc.  20®  C.  One  hundred  cc.  of  water  dissoh^es 
0.0011  gram  ^  SrCO,  (18**);  0.0114  gram  SrSO*  at  18**  and  0.0104  at  100**;  the 
presence  of  sulphuric  acid  decreases  this  solubility,  i.e.,  0.00083  gram  SrSOi; 
0.0051  gram  SrC204*H20  at  18**  and  5  grams  at  100**  C;  the  presence  of  oxalie 
acid  decreases  this  solubility.  The  sulphate  dissolves  in  concentrated  sulphuric 
acid,  and  is  appreciably  soluble  in  HCl,  HNO,,  HC,H,0„  NH4CI,  NH4NO,, 
NaCl,  MgCU.    The  carbonate  and  oxalate  are  soluble  in  mineral  acids. 

The  procedure  for  the  treatment  of  ores  and  strontium  products  is  the  same 
as  those  described  for  barium  and  calcium.  We  refer  to  the  chapters  on  these 
elements  for  the  preparation  of  the  strontiimi  solution. 

SEPARATIONS 

Separation  of  Strontium  from  Magnesium  and  the  Alkalies.  The  pro- 
cedure is  the  same  as  the  one  given  in  detail  imder  barium  for  the  separation  of 
the  alkaline  earths  from  magnesium  and  the  alkalies.  Either  the  oxalic  aeid 
method  or  precipitation  of  strontium  as  a  sulphate  in  presence  of  alcohol  niU  ' 
accomplish  this  separation.  If  a  sulphate  precipitation  is  made  it  will  be  neee»- 
sary  to  fuse  the  sulphate  with  sodium  carbonate  to  get  it  into  solution  or  to  effect 
further  separation  from  members  of  the  ammonium  carbonate  group,  should 
these  be  present. 

Separation  of  Strontium  from  Calcium.'  Strontium  and  calcium  are  con- 
verted into  the  nitrates  and  taken  to  dryness  and  all  water  expelled  by  heating 
to  140**  C.  for  an  hour  or  more.  The  nitrates  arc  now  extracted  with  equal 
parts  of  absolute  alcohol  and  anhydrous  ether  or  by  boiling  with  amyl  alcohol 
at  130**  C.  (hood).  Strontium  remains  insoluble  and  calcium  goes  into  solu- 
tion as  the  nitrate.  Strontium  nitrate  may  require  further  solution  in  water, 
evaporation  to  dryness,  heating  and  extraction  to  remove  calcium  completely, 
should  this  be  present  in  large  excess.  The  nitrate  of  strontium  is  dissolved 
in  water  and  strontium  detennined  by  one  of  the  procedures  given  later.  See 
detailed  procedure  for  separation  under  Barium. 

Separation  of  Strontium  from  Barium.  The  procedure  is  given  in  detafl 
under  chapter  on  Barium.  In  brief  one  of  the  following  methods  may  be  used: 
Strontium  and  barium  in  a  mixture  of  the  nitrates  are  separated  from  calcium 
by  treatment  with  ether-alcohol  mixture,  in  which  Ba(NOj)i  and  Sr(NO»)i  are 
insoluble.  The  nitrates  dissolved  in  water  are  separated  by  precipitating  barium 
as  BaCK)4  from  a  faintly  acetic  acid  solution,  strontium  remaining  in  solution. 

If  preferred,  barium  may  l)e  first  removed  as  a  chromate,  strontium  and  cal- 
cium precipitated  from  an  ammoniacal  solution  by  (NH4)»C0j  as  carbonates, 
the  carbonates  converted  to  nitrates  and  Sr(NOs)t  separated  from  Ca(NOi)i 
in  an  ether-alcohol  solution  or  by  luuyl  alcohol.  Details  of  the  separations  are 
given  under  Barium. 

*  Treadwell  claims  solubility  =  0.00055,  i.e.,  1  part  SrCO»  in  18,045  parts  of  water. 

*  Advantage  may  be  taken  of  the  insolubility  of  strontium  sulphate  in  ammonium 
sulphate  in  separating  it  from  the  soluble  calcium  salt. 
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QRAVIMETRIC  METHODS 

Strontium  may  be  conveniently  determined  either  as  the  sulphate,  the  car- 
bonate or  as  the  oxide. 

Determination  as  Strontium  Sulphate,  SrS04 

Procedure.  A  slight  excess  of  dilute  sulphuric  acid  is  added  to  the  neutral 
solution  of  strontium,  and  then  an  equal  volume  of  alcohol.  The  mixture  is 
stirred  well  and  settled  for  several  hours,  or  overnight,  if  more  convenient.  The 
precipitate,  SrS04,  is  filtered  onto  a  small  ashless  filter  and  washed  first  with 
50%  alcohol  containing  a  little  sulphuric  acid,  then  with  alcohol  until  free  of 
acid.  The  precipitate  is  dried  and  the  paper  and  the  greater  part  of  the  salt 
ignited  separately,  then  combined  and  weighed  as  SrSOi. 

Factors.    SrSO* X  0.477  =Sr,    or     X  0.8037  =SrCO,,    or     X  0.5642  =SrO. 

Determination  as  Strontium  Carbonate 

Strontium  carbonate  is  not  readily  decomposed  by  ignition  as  is  calcium 
carbonate,  so  that  its  determination  in  this  form  may  be  satisfactorily  made. 

Procedure.  The  carbonate  is  precipitated  by  adding  ammonium  carbonate 
in  slight  excess  ^  to  the  anunoniacal  solution  of  strontium,  heated  nearly  to  boiling. 
The  solution  is  allowed  to  stand  for  several  hours  and  filtered  cold.  The  washed 
strontium  carbonate  and  filter  are  ignited  gently  and  the  cooled  residue  weighed 
as  SrCO,. 

Factors.    SrCO,  X  0.5935  =Sr,    or     X  1.2443  =SrS04,     or     X0.702=SrO. 

Determination  as  Oxide,  SrO 

Strontium  is  precipitated  as  the  oxalate  by  addition  of  anunonium  oxalate 
to  the  slightly  anomoniacal  solution.  The  precipitate  is  filtered  and»  washed  with 
water  containing  ammonium  oxalate.  The  residue  is  ignited  and  weighed  as 
SrO. 

Factors.    SrO  X  0.8456  =Sr,     or     X  1.7726  ^SrSO*,    or     X  1.4245=  SrCO,. 

VOLUMETRIC  METHODS 

The  volumetric  methods  for  determining  strontium  presuppose  its  isolation 
from  other  elements. 

Alkalimetric  Method,  Titration  with  Standard  Acids 

Either  the  carbonate  or  the  oxide  of  strontium  may  be  titrated  with  standard 
hydrochloric  or  nitric  acids.  The  compound  is  treated  with  a  known  amount 
of  standard  acid  added  in  excess,  using  methyl  orange  indicator.  The  solution 
is  heated  below  boiling  to  complete  the  reaction  and,  upon  cooling,  the  excess  of 
acid  is  titrated  with  standard  alkali. 

Onecc.  normal  acid  =0.04381  gramSr,  or  0.05181  gram  SrO,  or  0.07381  gram  SrCO,. 

» N.  B.    Avoid  a  large  excess  of  (N  114)300,.     NH4CI  has  a  solvent  action  on  SrCO|. 
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Titration  of  the  Chloride  with  Silver  Nitrate 

Strontium  chloride,  free  from  other  chlorides,  may  be  determined  indirectly 
by  titration  of  its  combined  chlorine  with  silver  nitrate  by  Mohr's  method,  using 
potassium  chromate  indicator.    One  cc.  N.  AgNO»« 0.04381  gram  Sr. 

The  oxide  or  carbonate  is  slightly  supersaturated  with  hydrochloric,  then 
taken  to  dryness  and  heated  at  120*^  C.  in  the  air  bath  to  expel  the  excess  of  acid. 
Chlorine  is  determined  on  an  aliquot  portion. 
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S,  at.wt.  32.07;   9p.gr.  2.035;   m.p.  Ill'';    b.p.  444.53°;  oxides  SsO„  SO,, 
SOi,  SsO?;  principal  acids  HsSa04,  HtSO,,  H,S04,  HsSsOs,  and  HsStO'.. 

DETECTION 

The  following  tests  include  the  detection  of  free  sulphur  and  its  more  important 
combined  forms. 

Element.  Sulphur  is  a  polymorphous,  yellow,  brittle,  odorless  and  tasteless 
solid;  existing  in  the  rhombic,  monoclinic  and  triclinic  crystalline  forms,  and 
also  in  an  amorphous  state.  At  111°  ^  it  melts  to  a  pale  yellow  liquid;  at  180° 
it  thickens  to  a  dark  gum-like  material,  containing  a  large  percentage  of  amor- 
phous sulphur;  at  260°  it  becomes  a  liquid  again,  and  at  444.53°  it  boils,  giving 
off  a  brownish-red  vapor. 

Healed  in  the  air  sulphur  bums  with  a  blue  flame,  and  is  oxidized  to  SO2,  a 
gas  with  a  characteristic  pungent  odor.  This  gas  passed  into  a  solution  of 
potassium  permanganate  will  decolorize  it,  if  SOi  is  in  excess  of  the  amount  that 
will  react  with  the  KMnOi  in  the  solution. 

If  sulphur  is  dissolved  in  a  hot  alkali  solution  and  a  drop  of  this  then  placed 
on  a  silver  coin,  a  stain  of  black  AgsS  will  be  evident,  due  to  the  action  of  the 
sulphur. 

Sulphides.  Hydrogen  sulphide,  H2S,  is  liberated  when  a  sulphide  is  treated 
with  a  mineral  acid.  This  gas  blackens  moist  lead  acetate  paper.  US  has  a 
very  disagreeable  odor,  which  is  characteristic. 

Sulphates.  A  white  compound,  BaSOi,  is  precipitated  in  presence  of  free 
hydrochloric  acid  when  a  solution  of  barium  chloride  is  added  to  a  solution  of 
a  sulphate. 

Insoluble  sulphates  are  decomposed  by  boiling  or  fusion  with  alkali  carbonates, 
fomiing  water-soluble  alkali  sulphates. 

Sulphites.  Sulphur  dioxide,  SOj,  is  evolved  when  a  sulphite  is  treated  with 
hydrochloric  acid.    The  odor  of  the  gas  is  characteristic. 

Sulphur  dioxide  decolorizes  a  solution  of  potassium  permanganate.  (Use 
very  dilute  solution.) 

Sulphites  are  distinguished  from  sulphates  by  their  failure  to  form  a  white 
precipitate,  when  barium  chlcride  is  added  to  the  solution  acidified  with  hydro- 
chloric acid;  also  by  the  fact  that  HjS  is  formed  when  zinc  is  added  to  a  solu- 
tion of  a  sulphite,  acidified  by  hydrochloric  acid. 

Tbiosulphates.    Sulphur  dioxide  is  evolved  and  free  sulphur  precipitated 
vhen  a  thiosulphate  is  acidified  with  dilute  mineral  acids.    In  presence  of 
oxidizing  agents  sulphides  will  also  liberate  free  sulphur. 
Thiosulphates  are  strong  reducing  agents. 

*U.  S.  Bureau  of  Standards  gives  the  following  melt  ing-points :  Si=  112.8®,  Si=  119.2, 
Si=106^.    Circular  35  (2d  Ed.). 
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ESTIMATION 

The  determination  of  sulphur  may  be  required  in  a  great  variety  of  substances, 
minerals,  rocks,  sulphur  ores,  acids,  salts,  water,  gas,  coal  and  other  oi'gaiuc 
matter. 

The  substance  occurs  in  nature  principally  in  the  following  forms: 

Element.  P'ound  free,  generally  mixed  with  earthy  matter.  The  ccHniner- 
cial  product  is  exceedingly  pure  and  may  contain  over  99.5%  S. 

Sulphur  Dioxide.  The  gas,  together  with  free  sulphur,  is  found  in  volcanic 
regions. 

Hydrogen  Sulphide.  Occurs  in  mineral  waters  and  in  the  air,  from  decaying 
organic  matter. 

Sulphide  Ores.  Iron  pyrite,  P'eSj  (30  to  50%  S);  ferro  ferric  sulphide, 
Fe203-5FeS;  pyrrhotite,  FeySg;  copf)er  pyrites,  CuFeS2;  realgar,  As^St;  orpi- 
ment,  AsjSj;  galena,  PbS;  ciimabar,  HgS;  zinc  blende,  ZnS. 

Sulphate  Ores.  Gypsum,  CaSOi-HjO,  very  abundant;  barytes,  or  heavy 
spar,  BaS04;  celestite,  SrSO*;  kicserite,  MgSOi'HjO;  bitter  spar  or  Epsom 
salts,  MgS04 -71120;  Glauber  salt,  NajSO^-lOHjO;  sulphates  of  alkalies  in  animal 
and  plant  fluids. 

The  gravnnetric  detennination  of  sulphur,  by  procedures  of  technical  impo^ 
tance,  depends  upon  its  precipitation  as  barium  sulphate,  BaS04,  after  converting 
it  into  sulphuric  acid,  or  a  soluble  sulphate?,  if  not  already  in  this  form.  Oxida- 
tion of  free  sulphur,  sulphides,  sulphites,  metabisulphites,  thiosulphates  may  be 
accomplished  by  either  dry  or  by  wet  methods,  details  of  which  are  given  under 
subsequent  procedures.  When  present  as  a  sulphide,  or  having  been  converted 
to  this  form,  the  su])stauce  may  be  evolved  as  hydrogen  sulphide,  the  gas  absorbed 
by  a  suitable  agent,  and  after  oxidation  it  may  be  determined  by  precipitation  as 
liaS()4  and  thus  weighed. 

The  volumetric  n  .ethods  of  dotenuining  sulphur  depend  upon  titration  witli 
oxidizing  agents,  or  by  acids,  or  by  alkalies,  according  to  the  form  of  the  sulphur 
compound,  or  by  means  of  a  substance  forming  an  insoluble  compound  with  sul- 
phuric acid.  For  example  sulphides  are  treated  with  a  strong  mineral  acid  (HCl). 
the  c\'()lved  II2S  absorbed  in  a  suitable  reagent,  and  the  sulphide  formed  is 
titrated  with  standard  iodine.  Sulphites  may  be  determined  either  by  oxida- 
tion with  iodine  or  by  titration  with  an  acid  in  presence  of  methyl  orange.  Acid 
sulphites  or  metabisulphites  may  be  detennined  by  the  iodine  titration  or  by 
titration  with  an  alkali  in  presence  of  phenolphthalein.  Thiosulphates  are 
titrated  with  iodine.  Soluble  sulphates  may  be  titrated  with  st-andard  barium 
chloride  or  chromate,  added  in  slight  excess,  and  the  excess  estimated  by 
titration. 

Standard  procedures  are  given,  covering  the  more  important  forms  which 
coiiuuonly  concern  the  analyst. 

Preparation  and  Solution  of  the  Sample 

In  the  preparation  of  the  sami)le  the  following  facts  regarding  solubility  ^ 
sulphur  and  its  combination  should  be  kept  in  nund. 

Element.  The  crvstalUne  fonns  are  soluble  in  CSt,  the  monoclinic  fonn 
is  soluble  also  in  alcohol,  chlorofonn  and  benzol.  Yellow  amorphous  >^ 
plastic  sulphur  are  insoluble  in  CS2.    Sulphur  precipitated  by  the  action  of  Ht» 
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upon  (XHOtSs  is  soluble  in  benzol.  The  element  is  soluble  in  hot  hydrates  of 
sodium,  potassium,  barium  and  calcium,  forming  polysulphides  and  thiosulphates. 

Sulphide.  Sulphides  of  Na,  K,  Cs,  Rb,  Ca,  Sr,  Ba,  Mg,  Mn,  Fe  are  soluble 
m  dilute  mineral  acids.  The  sulphides  of  Ag,  Hg,  Pb,  Cu,  Bi,  Cd,  Co,  Ni 
require  strong  acids  for  decomposition.  These  are  also  insoluble  in  sodium 
hydroxide  and  potassium  hydroxide  solutions.  As,  Sb  and  Sn  sulphides  are 
insoluble  in  dilute  acids,  but  soluble  in  alkalies. 

Sulphate.  With  exception  of  BaSO*,  CaSO*,  SrSO*  and  PbSO*,  sulphates 
are  soluble  in  water. 

Thiosulphate.    Nearly  all  are  soluble  in  water. 

Sulphite.  With  exception  of  the  sulphites  of  the  alkalies,  sulphites  of  the 
metals  are  difficultly  soluble  in  water,  but  readily  decomposed  by  acids. 

Decomposition  of  Sulphur  Ores 

The  wet  procedure  for  oxidation  and  decomposition  of  sulphur  ores  is  given 
in  detail  under  the  Gravimetric  Methods,  page  396.  This  process  is  used  for  the 
valuation  of  the  ore,  and  is  applicable  to  a  wide  range  of  substances. 

Fusion  Method.  One  gram  of  the  finely  ground  ore  (80  mesh)  is  intimately 
mixed  with  6  grams  of  zinc  oxide-sodium  carbonate  mixture  (1  parts  ZnO-f  1 
part  NajCOi),  placing  2  grams  more  of  the  mixture  over  the  charge.  The  material 
is  fused  and  sulphur  extracted  according  to  the  procedure  described  for  coal — 
Eschka's  method. 

Sulphur  in  Coal,  Eschka's  Method 

One  gram  of  coal  is  intimately  mixed  with  3  grams  of  Eschka's  compound, 
consisting  of  2  parts  of  porous,  calcined  magnesia  and  1  part  of  anhydrous  sodiiun 
carbonate.  The  mixture,  placed  in  a  platinum  crucible,  is  covered  with  about 
2  grams  more  of  Eschka's  compound.  The  charge  is  placed  in  an  open  platinum 
crucible,  which  is  protected  from  the  flame  by  a  shield,  as  shown  in  Fig.  66.  If 
possible,  a  sulphur-free  flame  should  be  used  to  avoid  contaminating  the  material. 
With  proper  precautions,  the  shield  will  prevent  this.  Heating  in  a  crucible 
electric  furnace  completely  avoids  sulphur  contamination.  The  mixture  is 
heated  very  gradually,  to  drive  off  the  volatile  matter,  the  charge  being  stirred 
frequently  with  a  platinum  wire  to  allow  free  access  of  air.  The  heat  is 
increased,  after  half  an  hour,  to  a  dull  redness.  When  the  carbon  has  burned  out, 
the  gray  color  having  changed  to  a  yellow  or  light  brown,  the  heat  is  removed 
and  the  crucible  cooled. 

The  powdered  fusion  is  digested  with  100  cc.  of  hot  water  for  half  an  hour, 
and  the  clear  liquor  decanted  through  a  filter  into  a  beaker.  The  residue  is 
washed  twice  more  with  hot  water,  by  decantation,  and  finally  on  the  filter, 
until  the  volume  of  the  total  filtrate  amounts  to  about  200  cc.  About  5  cc.  of 
bromine  and  a  little  hydrochloric  acid  are  added,  and  the  solution  boiled.  Sul- 
phuric acid  is  now  precipitated  as  BaS04  by  addition  of  barium  chloride  to  the 
hot  solution,  and  sulphur  determined  by  the  first  of  the  gravimetric  procedures. 

Sulphur  in  Rocks,  Silicates,  and  Insoluble  Sulphates 

The  material  in  finely  powdered  form  is  fused  in  a  large  platinum  crucible 
with  about  six  times  its  weight  of  sodium  carbonate  (sulphur  free)  mixed  with 
about  0.5  gram  of  potassium  nitrate.    The  charge  is  protected  from  the  flame 
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by  an  asbestos  board  or  silica  plate  with  an  opening  to  accommodate  the  cru- 
cible snugly,  as  shown  in  Fig.  65.  The  fusion  is  extracted  with  water,  the  filtrate 
evaporated  to  dryness  and  silica  dehydrated.  The  residue  is  moistened  with 
strong  hydrochloric  acid,  then  taken  up  with  a  little  water,  boiled  free  of  COj, 
and  silica  filtered  off.  The  filtrate  contains  the  sulphate,  which  is  now  precipi- 
tated as  barium  sulphate  according  to  one  of  the  standard  procedures. 

Barium  Sulphate.  This  is  transposed  by  fusion  with  sodium  carbonate, 
as  stated  above.  Barium  carbonate  remains  in  the  Water-insoluble  residue.  It 
is  advisable  to  wash  the  residue  in  this  case  with  hot  sodium  carbonate  solution,  to 
insure  complete  removal  of  the  sodium  sulphate.  The  filtrate  is  acidified  with 
HCl,  boiled  free  of  CO2  and  BaSOi,  then  precipitated. 

Lead  Sulphate.  This  may  be  transposed  by  digesting  the  compound  with 
a  strong  solution  of  sodium  carbonate  saturated  with  CO2,  keeping  the  solution 
at  boiling  temperature  for  half  an  hour  or  more.  The  sulphate  will  be  in  solution 
and  the  lead  is  precipitated  as  the  water-insoluble  carbonate. 

Strontium  or  calcium  sulphates  may  be  transposed  by  the  procedure  described 
for  lead. 


SEPARATIONS 

Substances  Containing  Iron 

In  precipitating  barium  sulphate,  in  i)resence  of  ferric  salts,  from  hot  solu- 
tions by  the  gravimetric  procedure  commonly  followed,  considerable  iron  is 
carried  down  by  the  precipitate.  Shice  FesCSO*)*  loses  SOs  upon  ignition,  and 
since  FcjOj  weighs  much  less  than  BaSO*,  low  results  will  be  obtained.  Hence 
the  removal  of  iron  is  necessary,  or  a  method  should  be  followed  in  which  iron 
does  not  interfere.  It  is  found  that  barium  sulphate  precipitated  from  a  larg^ 
volume  of  cold  solution,  in  which  the  iron  has  been  reduced  to  ferrous  condition, 
is  free  from  iron.  Details  of  this  procedure  are  given  in  the  second  of  the  gravi- 
metric methods,  page  396. 

If  sulphur  is  to  be  precipitated  from  hot  solution  of  comparatively  small 
volume  (2(X)  to  4(H)  cc),  it  is  neccssar>^  to  remove  iron.  This  is  accomplished 
by  precipitating  this  as  Fe(0H)3  by  addition  of  anmionium  hydroxide  in  decided 
excess  (5  to  10  cc.  excess  of  strong  NH4OH,  sp.gr.  0.90).  If  the  solution  ^ 
barely  ncutnilized  with  ammonia,  the  iron  hydroxide  carries  down  considerable 
of  the  sulphate.  Even  with  the  precaution  recoimnended  some  of  the  combined 
sulphuric  acid  is  occliuh^d  by  Wui  precipitate,  so  that  it  is  necessary  to  recover 
thLs  by  dissolving  the  precipitate  with  hj^drochloric  acid  and  reprecipitating  the 
ferric  hydroxide  with  an  excess  of  anmionia.  The  combined  filtrates  are  now 
treated  with  barium  chloride,  upon  acidification  with  hydrochloric  acid,  accord- 
ing to  the  procedure  first  given,  page  395,  and  the  sulphate  determined. 

Separation  of  Sulphur  from  Metals  Forming  an  Insoluble  Sulphate 

This  is  a(!Complishcd  by  fusion  of  the  compound  with  sodium  carbonate  and 
extraction  of  the  mass  with  water.  The  metal  remains  with  the  residue  and 
the  sulphate  of  the  alkali  passes  into  solution.  For  details  see  subject  under 
Preparation  and  Solution  of  the  Sample,  page  392. 
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Nitrates  and  Chlorates.  These  are  carried  down  with  the  precipitate  as 
barium  salts  if  they  are  present  in  appreciable  amount.  They  may  be  removed 
from  the  solution  by  evaporation  to  dryness  with  hydrochloric  acid. 

Silica.  Silica  will  be  carried  down  with  the  barium  sulphate  precipitate 
if  present  in  appreciable  amounts.  It  is  removed  by  evaporation  of  the  solution 
with  hydrochloric  acid,  dehydrating  the  silicic  acid,  taking  up  with  HCl  and 
water  and  filtering. 

Ammonium  and  Alkali  Salts.  These  have  a  negligible  effect  on  the  precipi- 
tate of  BaS04  if  this  is  precipitated  from  a  large  volume,  according  to  the  second 
gravimetric  procedure. 
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Precipitation  as  Barium  Sulphate 

Preliminary  Remarks.  The  procedure  depends  upon  the  insolubility  of 
barium  sulphate,  BaSOf,  in  neutral  or  slightly  acid  solutions.  It  was  formerly 
the  general  practice  to  precipitate  the  sulphur  by  adding  a  10%  barium  chloride 
solution  to  the  hot  sulphate  solution,  which  had  been  diluted  from  200  to  400  cc, 
according  to  the  amount  of  sulphur  that  was  present  (not  over  0.2  gram  sulphur 
per  100  cc),  containing  1  to  3  cc.  of  free  concentrated  hydrochloric  acid  per  100  cc. 
of  solution.  Special  precautions  were  given  to  have  the  solution  boiling  hot,  and  to 
avoid  having  a  volume  of  over  400  cc,  a  smaller  sample  being  taken  in  high  sulphur 
ores,  rather  than  increase  the  volume.  Extended  exf)eriments  have  shown  that 
it  is  preferable  to  precipitate  the  sulphate  from  a  large  volume  of  cold  solution. 
The  product  obtained  is  less  apt  to  occlude  impurities,  the  crystals  are  larger  than 
those  obtained  in  hot  concentrated  solutions,  and  do  not  pass  through  the  filter. 
Precipitation  may  be  made  in  presence  of  large  amounts  of  iron,  copper  and 
other  impurities.  The  procedure  requires  large  beakers  of  2-  to  2i-liter  capacity, 
special  precipitating  cups,  and  a  suction  apparatus,  as  shown  in  Figs.  60,  61.  62 
and  63.  This  apparatus  may  not  always  be  available/  and  occasionally  it  is 
advantageous  to  precipitate  the  sulphur  in  a  small  volume,  specially  when  the 
sulphur  content  of  the  material  is  low,  hence,  although  the  second  procedure 
is  generally  recommended,  the  older  method  is  also  included. 

I.  Precipitation  of  Barium  Sulphate  from  Hot^Solutions 

Procedure.  The  sulphur  should  be  present  in  solution  either  as  free  sulphuric 
acid  or  as  a  sulphate  salt.  The  solution  is  made  acid  by  addition  of  hydrochloric 
acid  (phenolphthalein  indicator),  and  then  4  cc.  added  in  excess  (HCl,  sp.gr.  1.2). 
After  diluting  to  a  volume  of  400  cc.  with  hot  water,  the  mixture  is  heated  to  boil- 
ing, and  a  10%  solution  of  barium  chloride  added  in  a  fine  stream,^  through  a 
funnel  with  a  capillary  stem,  or  from  a  burette,  at  the  rate  of  10  cc.  in  two  to  ten 
minutes.  The  reagent  is  added  in  shght  excess  of  that  required  to  react  with  the 
sulphuric  acid  or  sulphate.  (Ten  cc.  of  10%  barium  chloride  solution  will  precip- 
itate 0.1416  gram  of  sulphur.)    The  beaker  is  placed  on  a  steam  bath  and  the  pre- 

*  E.  Hintz  and  H.  Weber  recommend  adding  100  cc.  of  N/10  BaCU  solution,  boiling 
hot,  to  the  hot  sulphate  solution  all  at  once  in  place  of  slowly,  as  recommended  in  general 
practice.     (See  Treadwelland  Hall,  ''Analytical  Chemistry,"  2,  3d  Edition,  p.  469.) 


396  SULPHUR 

cipitate  allowed  to  settle  for  about  two  hours.  The  solution  is  filtered  through 
a  fine  grade  of  filter  paper  (B.  &  A.  grade  A,  or  S.  &  S.  grade  No.  dO),  or 
through  a  tared  Gooch  crucible.  Since  the  precipitate  frequently  passes  tiirougfa 
the  filter  it  is  advisable  always  to  pass  the  solution  through  the  same  filter  a 
second  time.  The  precipitate  is  washed  ten  times  with  hot  water,  then  dried, 
and  ignited  gently  over  a  Bunscn  burner,  or  in  a  muffle,  for  half  an  hour. 
(Blasting  is  not  necessary,  nor  desirable.)  The  white  BaS04  is  cooled  in  a 
desiccator,  and  then  weighed.  If  a  filter  paper  has  been  used  in  place  of  a 
Gooch  crucible,  the  ignition  is  best  made  in  a  porcelain  crucible,*  with  free  access 
of  air,  the  ignited  sulphate,  upon  cooling,  Ls  brushed  out  of  the  crucible  and  so 
weighed. 

Factors.      BaSO4X0.1373=S,    or     X  0.4202  =H,S04,    or     X  0.3766  =FeS, 

or   X0.2744=SO2,    or    0.3430  =80,,    or     X0.4115=SO4. 

Note.  If  much  iron  or  alumina  is  present  it  is  advisable  to  precipitate  the  sul- 
phate from  a  large  volume,  by  the  second  method,  rather  than  attempt  to  remove 
these  substances.  If  Ha804  is  present  in  the  original  matcnal  its  weight  should  be 
included  with  that  of  the  precipitate. 

II.  Precipitation  of  Barium  Sulphate  from  Cold  Solutions- 
Large  Volume 

Introduction.  The  method  worked  out  by  Allen  and  Bishop,  General  Chem- 
ical Company,*  is  especially  adapted  to  the  determmation  of  sulphur  in  iron 
pyrites  and  materials  high  in  sulphur,  30  to  50%  sulphur,  but  by  varying  the 
amount  of  material  used  the  range  may  be  extended  from  smaller  to  greater 
amounts.  The  finely  ground  sample  is  oxidized  by  means  of  a  mixture  of  bro- 
mine and  potassium  bromide,  followed  by  nitric  acid.  The  nitric  acid  is  expelled 
by  evaporation  to  dryness,  followed  by  a  second  evaporation  with  hydrochlonc 
acid,  which  dehydrates  the  silica.  Iron  is  now  reduced  to  the  ferrous  condition 
and  the  silica  and  residue,  undissolved  by  addition  of  hot  water  and  HCl,  is  filtered 
off.  The  sulphur  is  precipitated  in  a  large  volume  of  cold  solution,  by  barium 
chloride  solution,  as  BaSO^  and  so  weighed. 

Reagents.  Bromine — Potassium  Bromide  Solution,  320  grams  of  potas- 
sium bromide  are  dissolved  in  just  sufficient  wat^r  to  cause  solution  and  mixed 
with  200  cc.  of  bromine,  the  bromine  being  poured  into  the  saturated  bromide 
solution.    After  mixing  well  the  solution  is  diluted  to  2000  cc. 

Hydrochloric  Acid,  sp.gr.  1.20.     Nitric  acid,  sp.gr.  1.42. 

Aluminum  Powder  Free  from  Sulphur. 

Barium  Chloride,  anhydrous,  5%  solution;   or  crystals,  6%  solution. 

Procedure.  Preparation  of  Sample,  The  sample  ground  to  pass  80-mesn 
sieve  is  carefully  mix(^d  and  quartered  do^vn  to  10  grams.  This  is  dried  for  ons 
hour  at  100^  C.  and  then  placed  in  a  weighing  tube. 

A  factor  weight,  1 .3738  grams  of  the  sample,  is  placed  in  a  deep  Jena  beaker. 
300  cc.  capacity,  2 J  by  4 1  ins. 

Oxidation  of  Sulphur,  Ten  cc.  of  the  bromine- potiussium  bromide  mixture 
are  added  and  the  beaker  cov(»red  with  a  dr>'  watch-glass  cover.     After  standiD^ 

*  A  platinum  crucible  will  do.  ,   ^ 

2  Pai)er  before  Eighth  Iiiternationul  Congress  of  Applied  Chemistry:    "  An  W^ 

Method  for  the  Determination  of  Sulphur  in  Pyrites  Ores,"  W.  S.  Allen  and  H  ^' 

Bishop. 
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fifteen  minutes  in  the  cold  bath  (a  casserole  of  water  will  do),  with  occasional 
shaking  of  the  beaker,  15  cc.  of  strong  nitric  acid  are  added  and  the  mixture 
allowed  to  stand  fifteen  minutes  longer, 
at  room  temperature,  and  then  warmed 
on  an  asbestos  board  on  the  steam  bath 
until  the  reaction  has  apparently  ceased 
and  the  bromine  has  been  volatilized. 
The  beaker  is  now  placed  within  the  ring 
of  the  steam  bath  so  that  the  lower 
portion  is  exposed  to  steam  heat.  The 
solution  is  evaporated  to  dr3aiess,  the 
cover  of  the  beaker  being  raised  above  the 
rim  by  means  of  riders  (U-shaped  glass 
rods),  Fig.  60,  10  cc.  of  strong  hydro- 
chloric acid  are  now  added  and  the  solution  again  evaporated  to  dryness  to  expel 
the  nitric  acid.  The  silica  is  dehydrated  by  heating  in  the  air  oven  at  100°  C.  for 
one  hour,  or  overnight  if  preferred. 

Reduction  of  Iron,  Four  cc.  of  hydrochloric  acid  (sp.gr.  1.20),  followed 
five  minutes  later  by  100  cc.  of  hot  water,  are  added,  the  sides  of  the  beaker  and 
the  cover  being  rinsed  into  the  solution.  The  riders  being  removed,  the  sample 
is  gently  boiled  for  five  minutes  to  insure  the  solution  of  the  sulphate.  After 
cooling  for  about  five  minutes,  approximately  0.2  gram  powdered  aluminum 
is  stirred  into  the  solution,  keeping  covered  during  the  intervals  between  stir- 
ring. When  the  iron  has  been  reduced,  the  solution  becoming  colorless,  the 
sample  is  filtered  into  a  2500-cc.  beaker,  through  a  12J  cm.  filter  paper  (S.  & 
S.  Xo.  590  or  B.  &  A.  No.  A).  The  beaker  should  be  copped  out  and  the 
residue  on  the  filter  washed  nine  times  with  hot  water,  filling  the  filter  funnel  and 
draining  each  time. 

Precipitation  of  the  Sulphur.  The  solution  in  the  large  beaker  is  diluted  to 
1600  cc.  with  cold  water  and  6  cc.  HCl  (sp.gr.  1.20)  added,  and  mixed  by 
stirring.  The  barium  chloride  solu- 
tion is  now  added  by  means  of  a 
special  delivering  cup  (Figs.  61  and 
62),  which  should  drain  at  the  rate 
of  5  cc.  per  minute.  125  cc.  of 
barium  chloride  solution  are  added 
for  ores  containing  30  to  50%  sul- 
phur, the  factor  weight  being  taken. 
The  solution  is  not  stirred  while 
the  barium  chloride  is  being  added, 
but  when  the  cup  has  drained,  the 
solution  is  mixed  by  stirring.  The 
BaS04  is  allowed  to  settle,  two  or 
three  hours  being  advisable,  overnight  being  preferred. 

Filtration,  The  clear  solution  is  filtered  through  a  weighed  Gooch  crucible 
(35  cc),  using  suction.  This  is  best  done  by  the  automatic  arrangement 
shown  in  Fig.  63.  The  beaker  containing  the  solution  is  placed  on  a  shelf; 
a  siphon  dipping  to  within  half  an  inch  of  the  precipitate  at  the  bottom  of  the 
beaker  is  connected  to  the  Gooch  crucible  by  means  of  a  tightly  fitting  stopper. 
The  Gooch  and  thistle  tube  are  best  connected  by  heavy  rubber  tubing.    The 
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Apparatus  for  Precipitating  Sulphur. 
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suction  flask,  or  bottle,  should  have  a  capacity  of  about  3  liters.    A  Geissler 
stop-cock  passes  through  the  rubber  stopper  in  the  suction  flask  to  relieve  the 

pressure  when  the  Gooch  is  to  be  removed. 
The  precipitate  is  washed  onto  the  asbestos 
mat  in  the  crucible  and  washed  with  cold 
water  six  times,  the  beaker  being  copped 
.,  ^  out  as  usual. 

Ignition,    The   precipitate  is   dried  by 
placing  the  crucible  on   an   asbestos  board 

■  Rubber  Sfopper      ^^^^  *  flame  for  twenty-five  minutes  and 
(^  Oooch  Crucible     then  hcated  over  a  direct  flame  for  thirty 

.Geissler Stopcock   minutes. 

^7ulber'^'''"       Calculation.       BaS04XlO-per  cent  S. 
"  Stopper     (If  factor  weight  is  taken.) 

Factor.      BaSO4X0.1374  =gram  S. 


5' Liter 
BotHe 


Notes  and  Precautions 


Fig.  63. — Apparatus  for  Filtering 
Barium  Sulphate. 


Although  barium  sulphate  is  onlv  slif^tly 
soluble  in  water,  it  is  appreciably  soluble  in  the 
salt^s  of  the  alkalies  (Na,  K  and  NH4),  and  in  % 
large  excess  of  hydrochloric  acid. 

Barium  sulphate  occludes  salts,  especially 
nitrates  and  chlorides.  Ferric  chloride  is  carried 
down  with  this  precipitate,  thouj^  ferrous  dib- 
ride  is  not;  hence  the  reduction  of  iron  is  necessary.  Occlusion  of  iron  causes  lov 
results,  as  will  be  seen  from  the  fact  that  with  heating  of  Fei(S04)s,  SOs  is  volatiliied, 
the  salt  decomposing  to  FejOs+SOa.  With  the  iron  reduced  the  precipitate  burM 
perfectly  white,  whereas  with  ferric  iron  present  the  precipitate  is  invariably  red  or 
yellow.  Aluminum  powder  used  by  W.  H.  Seamon/  for  reduction  of  iron  in  detenni- 
nation  of  sulphur,  suggested  its  value  in  the  method  above  given. 

Potassium  bromide  is  added  to  the  bromine  mix  as  a  diluent  to  prevent  too  v^ 
ous  a  reaction.  Cooling  the  solution  is  for  the  same  purpose  as  a  loss  of  milphur  will 
result  if  the  reaction  is  violent.     This  is  especially  the  case  in  pyrrhotite  ore. 

Otto  Folin  2  shows  that  precipitation  of  BaSO*  in  a  large  volume  of  cold  solution 
produces  large  crystals. 

Mechanical  loss  and  reduction  of  BaS04  is  avoided  by  the  Gooch  crucible. 
The  method  has  l)een  thoroughly  tested  in  the  laboratories  of  the  Gen.  Chcm- 
Co.  and  has  become  »  standard  method  for  sulphur. 

Evolution  Method  for  Determining  Sulphur  in  Iron,  Steeli  Or^ 
Cinders,  Sulphides  and  Metallurgical  Products 

Introduction.  The  method  depends  upon  the  fact  that  hydrogen  sulphkfc 
is  evolved  when  a  sulphide  is  acted  upon  by  a  strong  acid  such  as  hydrochlonc 
acid.  This  gas,  absorbed  by  a  suitable  reagent,  may  be  determined  gravimetri* 
cally  •  by  weighing  directly  the  precipitated  sulphide,  or  by  oxidation  of  eithtf 
the  hydrogen  sulphide  evolved  or  the  sulphide  fonned  in  the  absorbing  reagent, 

*  Chemical  Engineer,  September,  1908. 

*  Journal  of  Biological  Chem.,  1,  131-159. 

*  Granmdrically.     (a)  Involution   of  Il^S  into  solutions  of  ZnCb,  KOH,  KMnO* 
Hg(CN)2,    H2()2,    Br-|-i^(^l   and  subsequent   oxidation   to   sulphate  wijfl* 
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and  precipitating  sulphur  as  BaSOi.  It  n\B,y  be  determined  volumetrically  ^ 
by  titrating  the  precipitated  sulphide  with  iodine  or  by  titrating  the  acid,  formed 
by  the  reaction,  with  standard  caustic.  The  iodine  and  caustic  titrations  may  be 
made  on  the  same  run,  or  the  sulphide  may  be  weighed  and  the  filtrate  containing 
the  free  acid  titrated,  thus  double  checking  results.  The  following  reaction 
takes  place  when  the  gas  is  evolved  and  absorbed  by  neutral  cadmium  sulphate: 

H^-f  CdS04=CdS  precipitate -fH,S04  free  acid. 

The  method  is  especially  adapted  to  the  determination  of  sulphur  in  iron  and 
steel  or  in  metallurgical  products  containing  small  amounts  of  sulphide.  It 
may  be  applied  to  products  containing 
larger  amounts  of  sulphur  as  sulphides 
or  sulphates,  the  latter  condition  requir- 
ing a  special  preliminary  treatment. 

The  method  is  not  applicable  for 
determining  free  sulphur  or  sulphur  in 
iron  p3rrites. 

Reagents.  Iodine  Solution*  Two 
strengths  of  this  reagent  should  be  at 
hand  for  general  work: 

For  iron  and  steel  and  low  sul- 
phur briquettes,  etc.  =  .01  to 
0.5^  S N/301 

For  sulphur  products  containing 
over  0.5%  S N/10  I 

Starch  Solution.  Made  from  a 
good  grade  of  'soluble  starch,  1  gram 
per  200  cc.  of  water.  Fresh  solutions 
are  desirable,  as  the  deteriorated  material 
produces  a  greenish-brown  color  in  place 
of  the  delicate  blue  desired.  Flocks  of 
insoluble  starch  will  cause  the  same 
difficulty. 

Cadmium  Chloride  or  Cadmium 
Sulphate  Solutions.  Ammoniacal  SolU" 
tion.  :fifty-five  grams  of  CdCl2-2HjO 
or  70  grams  of  the  sulphate  are  dissolved 

in  500  cc.  of  distilled  water.    To  this  

are  added  1200  cc.  NH4OH  (sp.gr.  0.90)    Yiq.  64.— Scott's  Apparatus  for  Determin- 
and  the  solution  diluted  to   2500  cc.  ing  Sulphur  in  Iron  and  Steel.* 

The  solution  is  of  such  strength  that 

50  cc.  will  precipitate  approximately  0.175  gram  sulphur  evolved    as    H2S. 
This  is  equivalent  to  about  3.5%  sulphur  on  a  5-gram  sample. 

» VolumetricaUy.  (a)  Absorption  in  a  solution  of  KOH,  CdClj  or  CdS04,  ZnClt 
or  ZDSO4,  NajHAsOg  and  titration  with  iodine  solution.  (6)  AbsonHion  in  iodized 
KI  and  titration  of  the  excess  of  iodine  with  NajSaOj  solution,  (c)  Absorption  in  a 
neutral  solution  of  a  metallic  salt  and  titration  of  the  liberated  acid,  (d)  Absorption 
in  caustic  alkali  and  addition  to  an  acid  solution  of  a  reducible  salt,  e.g.,  Fe20s  and 
titration  of  the  lower  oxide,  Fe(). 

*  Apparatus  designed  by  W.  W.  Scott. 
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Neutral  Solution,  To  be  used  where  titration  with  caustic  is  desired. 
Seventy  grams  of  CdSO*  are  dissolved  in  water  and  made  up  to  2500  cc.  TTifi 
solution  should  Ix;  neutral  to  methyl  orange,  otherwise  add  the  requisite  amount 
of  H2SO4  or  NaOH  necessar>%  determined  by  titration  of  an  aliquot  portion. 

Hydrochloric  AcidL  One  part  concentrated  acid  to  an  equal  volume  of  dis- 
tilled water. 

Sulphuric  Acid,  One  volume  of  concentrated  acid  to  four  volumes  of  dis- 
tilled water. 

Reducing  Mixture  for  Reduction  of  Sulphates,  Five  parts  of  NaHCOj, 
2  parts  of  C.P.  aluminum  powder  and  1  part  of  pure  carbon,  best  made  by 
charring  starch.  A  blank  should  be  determmed  on  this  material  and  allowance 
made  accordingly. 

Stannous  Chloride,    Ten-per  cent  solution. 

Fine  Granular  Aluminum  or  Zinc  MetaL    Sulphur  free,  20  mesh. 

Apparatus.    The  apparatus  shown  in  the  illustration,  Fig.  64,  is  the  author's  * 
modification  of  the  form  used  at  Baldwin  Locomotive  Works.    This  consists  of 
an  Erlenmeyer  flask  A  of  about  500-cc.  capacity  with  large  base.     With  material 
in  which  violent  foaming  occurs,  during  the  evolution  of  hydrogen  sulj^ide,  it 
is  advisable  to  use  a  wash  bottle  with  large  base,  in  preference  to  an  Erlenmeyer 
flask.    Through  a  rubber  stopper  is  inserted  a  thistle  tube  with  glass  sHop- 
cock  D,  by  whiph  the  acid  is  introduced  into  the  flask.    The  hydrogen  sulphide 
passes  through  a  potash  connecting  bulb  with  trap  as  shown.     A  hole  Mown 
in  the  side  of  the  tul)e  prevents  liquid  behig  swept  through.    Connected  to  the 
potash  bulb  is  the  absorption  bulb  C,  which  is  suspended  by  a  wire  attached  to 
the  thistle  tube.    The  apparatus  is  compact,  so  that  on  a  large  hot  plate. 
30  by  20  ins.,  a  dozen  outfits  may  readily  be  accommodated.    With  the  use  of 
this  apparatus  the  writer  has  l>een  able  to  make  over  seventy-five  determiuatioDS 
of  sulphur  in  steel  in  an  ordinary  day's  run. 

Preparation  and  Amount  of  Sample 

The  amount  of  material  to  be  taken  for  the  determination  depends  upon  the 
sulphur  content  as  shown  by  the  following  table: 


Approximate  %  of  Sulphur  Present. 
0.01  to     I 
1.0    to  10 

Amount  to  take  for  Analysis. 

5       grams 

1 

10.00  to  30 

0.5 

Above  30 

0.25 

The  class  of  material  will  govern  the  method  of  i)rocedure. 

Iron  and  Steel.  A  5-gram  sample  of  drilhngs  or  finely  divided  material  b 
treated  directly  in  the  evolution  flask  with  hydrochloric  acid,  1:1,  and  the 
hydrogen  sulphide  absorbed  in  ammoniacal  cadmiiun  chloride.  The  sulphi<^ 
fonned  is  titrated  with  iodine. 

Iron  Ore  Briquettes  and  Materials  Containing  Sulphates.  Low  Sulpbtf* 
Preliminary  Reduction.  A  5-griim  sample  is  intimately  mixed  with  an  eqtf* 
w('io;ht  of  reducuig  mixture  (XaH(.-03-|-Al-|-C)  and  wrapped  in  a  9-cm.  ashles* 
filter.    The  charge;  is  placed  in  a  50-cc.  nickel  crucible  with  cover.    The  cniciW* 

1  W.  W.  Scott. 
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J  inserted  luJf  way  into  an  asbestos  board  or  perforated  silica  piate  (see  Fig.  65) 

nd  after  covering,  placed  over  a  low  flame  of  a  M^ker  blast  burner.    The 

ame  of  the  blast  is  gradually  increased  during  the  first 

ve   minutes  and   the  char^je  blasted  for  about  twenty 

linutes.    The  crucible  will  appear  a  bright  red  and  car- 

on  monoxide   gas  escaping  from  under  the  crucible  lid 

."ill  burn.    The  loss  of  sulphur,  however,  is  not  appreci- 

ble.     The  crucible  is  cooled  without  removing  the  cover. 

V'hen  cold  the    fused  mass  is  quickly  pulverized    and 

placed  in   the   dry  evolution  flask  containing  a  mat   of 

luminum  granules  or  C.P.  zinc  dust  or  granulated  tin. 

lydrogen    sulphide  is  best    evolved  with    hydrochloric 

.cid  to  which  4  or  5  cc.  of  10%  stannous  chloride  has 

►een  added  to  reduce  ferric  iron.     The  gas  is  absorbed 

a  ammonical  cadmium  chloride  and  the  cadmium  sulphide 

ormed  titrated  with  iodine. 

Iron  Sulphide  for  Available  HzS.  Since  this  product 
ims  over  20%  available  hydrogen  sulphide  not  over  0.5 
;ram  sample  should  be  taken.  The  HjS  is  evolved  by 
addition  of  dilute  sulphuric  acid,  1  :  4,  in  place  of  hydro- 
rhloric  acid,  and  is  absorbed  by  neutral  cadmium  sulphate. 
rhe  acid  formed  by  the  reaction  is  titrated  by  standard 
5^/10  NaOH. 

Sodium  Sulphide   or  Water-soluble   Sulphides   for 
Available  HjS.    Ten  grams  dissolved  in  water  and  diluted  to  1000  cc. ;   50  cc. 
« (0.5  gram)  taken  for  analysis. 


Fig.  65. 


Details  of  Procedure 

Evdviion  of  Hydrogen  Sulphide.  One-half  to  1  gram  of  aluminum  or  zinc 
granules,  20  mesh,  is  placed  over  the  bottom  of  the  evolution  flask  and  the 
Sample  placed  above  this  mat  of  metal.  The  stopper  with  the  thistle  tube  and 
condenser  is  inserted  snugly  into  the  neck  of  the  flask.  An  absorption  bulb 
^ntaining  about  20  cc.  of  distilled  water  is  attached  to  the  condenser.  This 
Wb  8er\'es  as  a  trap  for  the  IlCl  that  is  driven  out  of  the  flask  during  the  boil- 
*^g.  To  this  bulb  is  attached  a  second  bulb  containing  50  cc.  of  ammoniacal 
^^^dmium  chloride.  A  third  bulb  may  be  attached  if  the  sulphur  content  of  the 
^terial  examined  is  high;  this,  however,  is  seldom  necessary  when  ammoniacal 
^^dmium  chloride  is  used.  The  rubber  stopper  and  all  ru})l)er  connections 
"«inj5  air  tight,  100  cc.  of  warm  HCl,  1  :  1,  is  poured  into  the  flask  through  the 
thistle  tube,  the  stem  of  which  should  now  dip  well  below  the  acid.  The  stop- 
^k  is  closed  during  the  violent  action  of  the  acid  on  the  sample  and  opened 
^en  this  has  subsided.  The  acid  trap  prevents  loss  of  H2S  through  the  thu^tle 
^^.  The  apparatus  is  now  placed  on  the  hot  plate  and  the  sample  boiled 
vigorously  for  about  twenty  minutes.  The  flask  is  taken  off  the  hot  plate  and  the 
intents  allowed  to  cool.  At  this  stage  it  may  be  advisable  to  draw  a  current 
^  air  through  the  apparatus  to  sweep  out  any  residual  H2S  that  may  remain  in 
Qie  flask.    Hydrogen  gas  is  preferable  to  air. 

TitratiofL  (a)  The  contents  of  the  bulbs  are  poured  into  a  600-cc.  beaker 
Staining  about  400  cc.  of  distilled  water.    The  bulbs  are  washed  out  first 
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with  water  and  then  with  dilute  acid.    The  excess  of  anunonia  is  neutraliied  with 
concentrated  HCl,  5  cc.  of  starch  solution  added  and  the  sulphide  immediatelj 
titrated  with  standard  iodine,  additional  hydrochloric  acid  being  added  from  time 
to  time  during  the  titration  to  insure  complete  decomposition  of  the  sulphide. 
The  liquid  appears  yellowish  red,  orange,  purplish  red  and  finally  a  deep  blue. 
Since  the  sulphide,  when  present  in  appreciable  quantity,  decomposes  slovrly, 
the  solution  should  be  strongly  acid  at  the  completion  of  the  titration,  and  five 
minutes  should  be  allowed  for  a  permanent  end-point. 

Knowing  the  amount  of  iodine  necessary,  a  check  run  may  be  made  by 
adding  to  the  neutral  solution  an  excess  of  iodine  followed  by  5  cc.  of  starch 
solution  and  a  large  excess  of  concentrated  hydrochloric  acid.  The  excess  of 
iodine  is  titrated  with  N/10  thiosulphatc,  Na2SjOs,  solution.  (Arsenous  acid  wfll 
not  do.)  This  procedure  will  prevent  the  loss  of  HjS,  which  is  apt  to  occur  in 
samples  high  in  sulphide. 

(6)  An  alternate  method  Ls  frequently  advisjible  in  high  sulphurs.  The  precip- 
itate is  separated  from  the  solution  containing  ammonia  by  filtration.  The 
cadmium  sulphide  is  now  i)laced  in  the  600-cc.  beaker  with  water  and  an  exce^ 
of  iodine  nm  in.  Starch  is  added,  followed  by  hydrochloric  acid.  The  excess 
of  ioduie  is  titrated  with  sodium  thiosulphate,  NasS^Oj.  By  this  method  the 
heat  action  during  the  neutralization  of  ammonia  is  avoided  and  pnly  the  pre- 
cipitate is  titrated. 

When  the  iodine  titration  exceeds  50  cc.  of  N/10  iodine,  a  smaller  amount 
of  the  sample  should  be  taken  for  analysis;  the  iodine  titration  for  amounts 
of  sulphur  exceeding  0.1  gram  is  not  satisfactory,  owing  to  a  fading  end-point 
The  method  for  determining  available  hydrogen  sulphide  in  high  sulphide 
products,  dealing  with  the  titration  of  the  free  acid  formed  during  the  reaction, 
permits  of  larger  samples  being  taken.  Details  of  this  method  are  given  on  page 407. 

One  cc.  N/10  iodine  =0.001604  gram  S. 

Tenth  Normal  Equivalents 

One  cc.  of  N/10  iodine  =0.001704  gram  H,S 

=0.004396  gram  FeS 
= 0.003904  gram  NajS 


t  (  it 

<(  (( 

((  It 

tt  n 

ti  II 

il  ti 

tt  <  ( 
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=w.w3904  gram  NaaS 
=0.003607  gram  CaS 
=0.008471  gram  BaS 
=0.00561  gramSbA 
=0.011959  gram  PbS 
=0.011634  gram  HgS 
=0.004782  gram  CuS 
=0.007224  gram  CdS 
=0.004872  gram  ZnS 
=0.003269  gram  Zn 


Combustion  Method  for  Evaluation  of  Sulphide  Ores.    When  a  sulphide  oie  : 

(p>Trhotite)  is  heated  to  redness  in  presence  of  oxygen  both  sulphur  dioxide  \ 
and  trioxide  are  evolved.    The  first  may  be  absorbed  in  suitable  reagents  and  esti- 
mated volumetrically  or  gravimetrically.    The  trioxide  mist  is  best  retained 
by  asbestos  and  weighed.    The  combustion  furnace  with  siUca  tube  used  for 
determinations  of  carix>n  is  adapted  for  sulphide  ores.    The  finely  powdered 
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dry  sample,  spread  in  a  thin  layer  in  a  3-inch  porcelain  boat,  is  placed  in  the  red 
hot  tube  and  burned  in  a  current  of  oxygen,  which  has  been  purified  by  passing 
through  sodium  hydroxide,  strong  sulphuric  acid  and  phosphorus  pentoxide. 
The  trioxide  mist  is  removed  by  passing  the  evolved  gases  through  an  asbestos 
filter  (PjOft  bulb  with  asbestos  in  one  arm  adjacent  to  the  combustion  tube  and 
P1O4  in  the  other).  The  SO2  is  absorbed  in  a  mixture  of  bromine  and  nitric  acid, 
and  the  sulphuric  acid  formed  is  titrated  after  removing  the  reagent  by  evapora- 
tion; or  it  is  absorbed  in  an  excess  of  standard  iodine,  the  excess  titrated  with 
sodium  arsenite  or  thiosulphate,  and  sulphur  calculated.  The  iodine  method  is 
preferable  to  the  bromine,  as  it  is  more  rapid  and  the  reagent  less  disagreeable 
to  handle.  The  gravimetric  method  is  the  most  reliable.  'The  dioxide  is  absorbed 
in  chromic  acid  (caustic  will  not  give  correct  results  owing  to  its  affinity  for  carbon 
dioxide,  a  product  of  combustion  of  the  free  and  combined  carbon,  that  are  gen- 
erally present  in  sulphide  ores.  Pjrrrhotite  frequently  contains  as  much  as  1% 
carbon)  and  weighed.  The  combustion  method  cannot  be  recommended  for 
extreme  accuracy.  The  procedure  may  be  used  for  the  estimation  of  available 
sulphur,  but  does  not  give  the  total  sulphur  of  the  ore,  since  .2  to  .5%  remains 
in  the  cinder.  Error  may  result  from  the  following  causes:  (1)  Incomplete 
combustion  of  the  sulphur — due  to  sublimation  of  the  sulphur  to  cooler  zones 
of  the  combustion  tube,  and  to  a  fine  mist  of  sulphur  passing  unburned  into  the 
asbestos,  where  it  is  retained  with  SO3  and  weighed  as  such.  (2)  Error  due  to 
combined  water  of  the  ore.  The  results  are  apt  to  be  .05  to  0.5%  lower  than  those 
obtained  by  the  barium  sulphate  procedures,  the  sulphur  of  the  cinder  being  in- 
cluded with  the  available  sulphur. 


VOLUMETRIC  METHODS  FOR  DETERMINING  SOLUBLE 

SULPHATES 

Combined  sulphuric  acid  in  soluble  sulphates  is  best  determined  gravi- 
metrically;  occasionally,  however,  a  volumetric  procedure  is  of  technical  value. 
A  number  of  volumetric  methods  are  based  on  the  insolubility  of  barium  sul- 
phate. Two  general  procedures  deserve  mention:  addition  of  barium  chloride 
in  known  amount  in  slight  excess  of  that  required  by  the  sulphate,  and  titrating 
the  excess  either  with  a  soluble  carbonate  or  a  chromate;  or  addition  of  barium 
chromate  and  titrating  the  alkali  chromate  formed  by  the  reaction.  The  sul- 
phate is  also  determined  by  precipitation  with  a  weak  organic  base  benzidine, 
added  in  form  of  the  hydrochloride  salt;  the  benzidine  sulphate,  filtered  oflf,  is 
titrated  with  caustic.  The  typical  procedures  given  below  will  meet  general 
requirements  for  the  volumetric  determination  of  sulphates. 

Determination  of  Sulphur  by  Titration  with  Barium  Chloride 
and  Potassium  Chromate— Wildenstein's  Method  Modified  ^ 

Reaction* 

Na^O«+BaCU  =BaS04+2NaCl  and  excess  BaCU+KaCrO*  =BaCr04+2KCl. 

Procedure.    The  substance  containing  the  sulphate  in  solution  is  diluted  to 
50  cc.  in  a  small  flask,  acidified  with  hydrochloric  acid,  if  necessary;  heated  to 

» See  "  Volumetric  Analysis,"  Sutton,  10th  Ed.,  p.  360. 
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boiling,  and  precipitated  with  a  slight  excess  of  N/4  barium  chloride  added  from 
a  burette  (1  cc.  BaCU  =0.01  gram  SOs).  The  precipitate  settles  rapidly,  so  that  a 
large  excess  of  the  reagent  may  readily  be  avoided.  The  mixture  is  cautiously 
neutralized  with  ammonia,  free  from  carbonate  (COj  nmy  be  precipitated  with 
CaCU  solution),  the  solution  heated  to  boiling,  and  N/4  potassium  chromate 
added  from  a  burette  in  .5  cc.  f>ortions,  each  tune  removing  the  flask  from  the 
heat,  allowing  the  precipitate  to  settle  and  examining  the  clear  solution.  A 
faint  yellow  color  will  appear  as  soon  as  the  excess  of  barium  has  been  precipitated 
and  a  few  drops  of  the  chromate  in  excess  are  present  in  the  solution.  The  value 
of  the  chromate  being  equivalent  to  the  barium  chloride  cc.  per  cc,  the  difference 
between  the  two  titrations  is  due  to  the  barium  chloride  required  by  the  sulphate. 

One  cc.  N/4  BaCl,  =0.01  gram  SO,. 

Notes.  Salts  of  the  alkalies,  alkaline  earths  (Sr  and  Ca)  and  line  and  cadmium 
do  not  interfere.  Nickel,  cobalt  and  copper,  however,  give  colored  solutions  which 
I)revent  the  yellow  chromate  being  seen.  Should  the  latter  be  present,  the  endiXNnt 
may  be  recognized  by  using  ammoniacal  lead  acetate  as  an  outside  indicator  (1  vol. 
NH40H-h4  vols.  PbCjjHaOa-SHsO,  5%  sol.),  the  indicator  and  titrated  solution  being 
mixed  drop  per  drop  on  a  white  tile.  A  yellowish  red  color  indicates  the  presence  of 
chromate. 

Precipitation  of  the  Sulphate  with  Barium  Chromate  and  Titra- 
tion of  Equivalent,  Liberated  Chromate  with  Iodine  and 
Thiosulphate,  Hinman's  Method.^ 

The  suli)hate,  precipitated  by  barium  chromate,  liberates  an  equivalent 
amount  of  chromic;  acid,  which  is  determined  by  treating  with  potassium  iodide 
and  titrating  tlie  liberated  iodine  with  thiosulphate. 

Reactions.  Na2S04+BaCr04  =BaS()4+Na.Cr04, 

Xa2CrC)4+3KI+SIK:i=2NaCl+3KCl+CrCl,-f4H,0+3I, 
2Xa2S203+l2  =2XaI+Na^S4()6. 

Procedure.^  The  solution  of  the  sulphate,  containing  not  over  2  per  cent 
of  SOs,  if  acid,  is  almost  neutralized  with  potassium  hydroxide,  then  heated  to 
boiling,  and  an  excess  of  barium  chromate  solution  added.'  After  boiling  for 
one  to  five  minutes;  the  hot  solution  is  neutralized  by  adding  calcium  car- 
bonate *  until  no  further  ofTcrv^esccnce  occurs.  The  precipitate  is  filtered  oft  and 
washed  with  hot  water.  The  combined  filtrates  containing  the  cliromate  liberated 
by  the  sulphate  through  double  decomposition,  is  acidified  yrith  5  cc.  strong 

»TroadwcU  and  Hall,  "Analytical  ChcmLstrv,"  2,  3d  Ed.,  p.  716.  Pennock  and 
Morton,  J.  Am.  Chom.  Soc,  2265,  1903. 

*  llininan^  Am.  Sci.  ami  Arts,  3,  47S,  1877. 

'  The  barium  chromate  iisecl  should  be  free  from  soluble  chromate,  barium  car- 
bonate or  soluble  barium  salt.  The  compound  may  be  prepared  bv  precipitating  with 
potassiiun  chromate  added  to  a  boiling  solution  oi  banum  chloride.  The  precipitate 
IS  washed  with  boiling  water  containing  a  little  acetic  acid,  and  finally  with  pure  water, 
and  then  dried.  Four  gran\s  of  the  dry  salt  arc  dissolved  in  a  liter  of  normal  hydro- 
chlorie  acid. 

*  In  presence  of  iron,  zinc  and  nickel,  the  solution  is  neutralized  with  ammonium 
hydroxide  and  an  excess  addeil;  after  boiling,  the  solution  is  filtered.  By  using  calcium 
carbonate  insoluble  basic  chromates  of  these  elements  would  be  formed,  and  low 
results  for  80a  would  follow.    This  is  avoided  by  the  use  of  ammonia. 
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hydrochloric  acid  per  each  100  cc.  of  filtrate  and  an  excess  of  f>otassium  iodide 
added.  Iodine  equivalent  to  the  chromic  acid  is  liberated.  This  is  titrated  with 
N/10  sodium  thiosulphate. 

One  cc.  of  N/10  thiosulphate  =0.003269  gram  H2SO4/ 

Benzidine  Hydrochloride  Method  ^ 

Benzidine  sulphate,  Ci2H8(NH2)2 '112804,  is  scarcely  soluble  in  water  con- 
taining hydrochloric  acid.  The  weak  base  benzidine  is  neutral  to  phenolphthalein 
and  the  acid  in  its  sulphate  may  be  titrated  with  an  alkah.'  The  method  gives 
reliable  results  in  the  analysis  of  all  sulphates,  provided  no  substances  are  present 
which  attack  benzidine,  and  provided  the  amount  of  other  acids  and  salts  present 
is  not  too  great.' 

Reaction.     Na,S04+Ci2H8(NH2)2-2HCl  =2NaCl-fCi2H8(NH2)2-H2S04    and 

Ci2H8(NH2)2H2S04+2NaOH=C,2H8(NH2)2-2H20+Na2S04. 

Reagent.  Benzidine  hydrochloride  is  prepared  by  taking  6.7  grams  of  the 
free  base,  or  the  corresponding  amount  of  the  hydrochloride  and  mixing  into  a 
paste  with  20  cc.  of  water  in  a  mortar.  Twenty  cc.  of  hydrochloric  acid  (sp.gr. 
1.12)  are  added  and  the  mixture  diluted  to  exactly  1000  cc.  One  cc.  of  this 
solution  corresponds  to  0.00357  gram  H2SO4.  The  solution  has  a  brown  color. 
Brown  flakes  are  likely  to  separate  out  on  standing,  but  these  do  no  harm. 

Procedure*  The  sulphate  solution  is  diluted  with  water  so  that  there  is  at 
least  a  50-cc.  volume  for  each  0.1  gram  sulphuric  acid  present.  An  equal  volume 
of  the  reagent  is  vigorously  stirred  in,  and  the  precipitate  allowed  to  settle  for 
ten  minutes.  The  solution  is  filtered  onto  a  double  filter,  placed  on  a  porcelain, 
perforated  plate  in  a  funnel  (a  Btichner  is  O.K.),  gentle  suction  being  applied. 
The  last  portions  of  the  precipitate  are  transferred  to  the  filter  by  means  of  small 
portions  of  the  clear  filtrate,  and  the  compound  then  washed  with  20  cc.  of  cold 
water  added  in  small  portions  and  sucked  dry  with  each  addition.  The  precipi- 
tate and  filter  are  placed  in  an  Erlenmeyer  flask,  50  cc.  of  water  added,  and  the 
mixture  shaken  until  homogeneous.  Phenolphthalein  indicator  is  now  added, 
the  mixture  heated  to  about  50°  C.  and  titrated  with  N/JO  sodium  hydroxide. 
When  the  end-point  is  nearly  reached,  the  liquid  is  boiled  for  five  minutes,  and 
the  titration  then  completed. 

One  cc.  ^710  =0.004904  gram  H2SO4. 

»  N/10  Na«SiO,=  ^^^*=  98.08  -5-30=  3.269. 

s  Method  suggested  bv  Raschig,  Z.  a.  Chem.,  617  and  818,  1903. 

s  Friedheim  and  Nydegger  (Z.  a.  Chem.,  9,  1907)  have  found  that  there  should 
not  he  more  than  10  mol.  HCl,  15  mol.  HNO3,  20  mol.  HCjHiOs,  5  mol.  alkali  salt, 
g^r  2  mol.  ferric  iron  present  to  1  mol.  H2SO4. 
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DETERMINATION  OF  PERSULPHATES 

Ferrous  Sulphate  Method 

Ferrous  salts  in  cold  solutions  are  oxidized  to  ferric  form  by  persulf^tes. 
Advantage  is  taken  of  this  action  in  the  quantitative  determination  of  persul- 
phates. 

Reaction.    2FeS04+H&08  =Fe,(S04)3+H,S04. 

Procedure.^  About  2.5  grams  of  the  persulphate  are  dissolved  in  water  and 
diluted  to  100  cc.  Ten  cc.  of  this  solution,  equivalent  to  one-tenth  of  the  sample, 
weighed  out,  are  placed  in  a  flask  and  a  considerable  excess  of  standard  ferrous 
sulphate  solution '  added,  say  100  cc.  measured  out  from  a  burette.  The  solution 
is  diluted  with  an  equal  volume  o^  hot,  distilled  water  (70  to  80®  C),  and  the 
excess  ferrous  sulphate  titrated  with  N/10  potassium  permanganate.  This  titra- 
tion is  deducted  from  the  permanganate  equivalent  of  100  cc.  of  the  ferroos 
solution  taken  (if  this  amount  was  used).  The  difference  is  due  to  persulphate 
oxidation. 

One  cc.  N/10  KMnO* -0.009708  gram  HAO.;  or  =0.0114  gram  (NH«)j&Oi; 
or  =0.01352  gram  KaSjOg. 

Oxalic  Acid  Method  ^ 

Oxalic  acid,  in  presence  of  silver  sulphate,  reduces  p?rsulphates  in  accordance 
with  the  reaction, 

H,C204+H,S,08 =2H,S04+2CO,. 

Procedure.  About  0.5  gram  of  the  persulphate  is  placed  in  an  Erlenmeyer 
flask,  50  cc.  of  N/10  oxalic  acid  added,  together  with  0.2  gram  silver  sulphate 
in  20  cc.  of  10%  sulphuric  acid  solution.  The  mixture  is  heated  on  the  water 
bath  until  the  evolution  of  carbon  dioxide  ceases  (about  twenty  minutes).  The 
liquid  is  diluted  to  100  cc.  with  warm  water  and  titrated  warm  (about  40**  C.) 
with  N/10  potassium  pcnnanganate.  The  excess  of  oxalic  acid  is  titrated,  the 
difference  is  due  to  oxidation  by  the  persulphate. 

For  calculation  see  factors  in  previous  method. 

1  Method  suggested  by  Le  Blanc  and  Eckardt,  C.  N.,  81,  38. 

*  About  30  grams  of  ferrous  sulphate  or  ferrous  ammonium  sulphate  crystals  are 
dissolved  in  900  cc.  of  water  and  the  volume  made  to  1000  cc.  with  concentrated  sul- 
phuric acid.  The  reagent  is  standardized  against  N/10  potassium  permanganate 
and  the  value  per  cc.  in  terms  of  the  standard  permanganate  noted,  the  cc.  per- 
manganate solution  required  divided  by  the  cc.  of  ferrous  sulphate  solution  taken 
for  titration,  gives  value  of  the  reagent  in  tenns  of  the  permanganate. 

The  soiutioHS  are  beet  verified  upon  a  persulphate  of  known  purity. 

» R.  Kempf,  Ber.,  88,  39G5,  1905. 
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DETERMINATION  OF  SULPHUR  IN  COMBINATION  AS  SUL- 
PHIDES, SULPHITES,  BISULPHITES,  METABISULPHITES, 
THIOSULPHATES,  SULPHATES. 

Available  Hydrogen  Sulphide  in  Materials  High  in  Sulphide  Sul- 
phur.   Iron  Sulphide,  Sodium  Sulphide,  etc. 

Evolution  Method.  Since  it  is  desired  to  obtain  the  H^S  that  ordinarily 
would  be  obtained  when  the  sulphide  is  treated  with  a  strong  acid,  the  mat  of 
metallic  aluminum  or  zinc  and  the  addition  of  stannous  chloride  solution  used 
in  the  procedure  given  on  page  401  is  omitted  here. 

Procedure.  0.5  to  1  gram  of  the  sulphide  is  placed  in  the  dry  evolution  flask. 
All  connections  are  now  made  as  directed  in  the  general  procedure.  Three 
absorption  bulbs  containing  neutral  solution  of  cadmium  sulphate  are  connected 
to  the  condenser,  and  supported  by  wires  attached  to  the  thistle  tube  and  the 
arm  of  the  condenser.  All  connections  being  tight,  100  cc.  of  dilute  sulphuric 
acid,  1  :  4  are  added  through  the  thistle  tube  and  HS  evolved.  The  procedure 
is  now  the  same  as  described  on  page  401. 

Titration.  When  the  evolution  of  the  H2S  is  complete,  the  bulbs  containing 
the  precipitate  are  emptied  into  a  beaker  and  carefully  washed  out.  The  pre- 
cipitate is  now  filtered  and  washed  five  or  six  times  until  free  of  acid.  Methyl 
orange  is  added  to  the  filtrate  and  the  free  acid  titrated  with  N/10  NaOH. 

The  precipitate  may  be  titrated  with  iodine  according  to  (6)  under  general 
method  of  procedure,  using  an  excess  of  iodine,  followed  by  starch  and  acid  and 
then  titrating  back  with  sodium  thiosulphate  solution.  A  double  check  may  thus 
be  obtained.    See  page  402. 

If  it  is  desired  to  weigh  the  CdS  precipitate,  it  is  best  to  evolve  the  HjS  into  a 
neutral  solution  of  cadmium  salt.  The  precipitate  formed  in  a  neutral  or  slightly 
acid  solution  is  crystalline  and  easily  filtered,  whereas  that  formed  in  an  ammoni- 
acal  solution  is  gelatinous. 

When  a  neutral  CdSOi  or  CdCU  solution  is  used,  H2S  should  be  evolved  by 
sulphuric  acid  and  not  by  hydrochloric  acid,  as  the  latter  is  volatile,  and  will  pass 
through  the  condensing  bulb  reconunended  in  the  general  procedure. 

One  cc.  N/10  NaOH  =  .001704  gram  H,S 
"  "  -.004396  gram  FeS 

=  .003904  gram  Na^. 

Hydrogen  Sulphide  and  Soluble  Sulphides 

Direct  titration  of  hydrogen  sulphide  water,  and  soluble  sulphides  in  solution 
may  be  made  in  absence  of  other  substances  acted  upon  by  iodine.  The  solution 
containing  the  sulphide  is  added  to  an  excess  of  N/10  iodine  solution,  made  acid 
with  hydrochloric  acid,  and  the  excess  iodine  titrated  with  N/10  sodium  thio- 
sulphate.   The  following  reaction  takes  place: 

HsS-fl2=2HI4-S.  The  cc.  NajSjOj  are  subtracted  from  cc.  1=1  reacting 
with  H,S.    One  cc.  N/10  iodine  =0.00174  gram  HjS. 

Note.  The  soluble  sulphide  may  be  determined  ^avimetrically  by  oxidizing 
with  bromine,  the  reagent  being  added  imtil  the  solution  is  colored  brownish  red, 
the  excess  of  the  halogen  removed  by  boiling  and  the  sulphate  precipitated  as  BaS04. 
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Determination  of  a  Sulphide  and  a  Sulphydrate  in  Presence  of 

Each  Other 

When  a  mixture  of  sulphide  and  sulphydrate  is  treated  with  iodine  the  follow- 
ing reactions  take  place: 

H2S+I,=2HI+S    and    NaHS+2l2=NaI+HI+S. 

It  "will  be  notice'd  that  the  acidity  produced  by  the  first  reaction  is  twice  that 
caused  by  the  iodine  action  on  the  sulphydrate,  and  that  the  acidity  in  the  latter 
titration  remains  unaffected.  The  reactions  with  the  alkali  salts  is  effected  by 
addition  of  a  standard  iodine  solution  containing  a  known  amount  of  hjrdrochloric 
acid.    The  reactions  in  this  case  are  as  follows: 

Na2S+2HCl  =  2NaCl+H,S  and  NaSH+IICl  =  NaCl+H:S.  The  iodine  reacts 
with  the  H,S  as  follows:  H,S+l2=2HI+S. 

From  the  second  set  of  reactions  it  is  evident  that  the  quantity  of  hydriodic 
acid  formed  by  the  action  of  iodine  on  the  sulphide  is  equivalent  to  the  hydro- 
chloric acid  required  to  decompose  the  sulphide,  so  that  the  acidity  remains 
unchanged.  On  the  other  hand  with  sulphydrate,  NaSH,  the  hydriodic  acid 
formed  by  the  iodine  oxidation,  is  twice  the  equivalent  of  hydrochloric  acid  required 
to  decompose  the  acid  salt.  Hence  it  is  evident  that  the  acidity  is  a  measure 
of  the  quantity  of  sulphydrate  present  in  the  mixture.  From  the  second  set  of 
reactions  the  following  procedure  is  devised. 

Procedure.  To  a  measured  amount  of  N/10  iodine  solution  containing  a 
measured  aniount  of  N/10  hydrochloric  acid  (the  mixture  diluted  to  400  cc.) 
is  added  the  solution  containing  the  sulphide  and  sulphydrate  from  a  burette, 
until  the  stirred  solution  becomes  a  pale  yellow  color.  (The  cc.  of  solution  added 
is  noted  and  its  equivalent  of  the  sample  calculated.)  Starch  is  now  added  and 
the  excess  of  the  iodine  titrated  with  N/10  sodium  thiosulphate.  The  cc.  of 
thiosulphate  in  terms  of  N/10  solution  subtracted  from  the  cc.  N/10  iodine 
sohition  taken  give  cc.  iodine  required  by  the  sample  added.  The  acidity  of  the 
solution  is  now  dotenuined  by  titration  with  N/10  sodium  hydroxide.  Thccc. 
NaOH  reiiuired  by  the  HI  give  total  NaOH  minus  cc.  N/10  HCl  present  in  the 
iodine  solution. 

Calculation.  A,  Cc.  N/10  iodine  required  by  the  sample  minus  twice  the 
cc.  of  N/10  NaOH  required  by  HI  formed  by  the  reaction  multiplied  by  O.OO3903 
give  weight  of  Na,S,  (i.e.,  cc.*^!  -2  cc.  NaOH) X 0.003904  =gram  Na^S. 

B.  Cc.  N/10  NaOH  r^iuired  by  the  HI  multiplied  by  0.00560  gives  gram 
weifrht  of  NaHS.    Or  in  brief:  cc.  NaOH  X0.005608  =  gram  NaHS. 

The  above  weights  multiplied  by  100  and  divided  by  the  weight  of  sample 
used  in  the  iodine  titration  give  per  cent  of  constituents  in  the  sample. 

The  method  is  of  value  in  the  analysis  of  alkali  sulphides  in  absence  of  other 
compounds,  which  are  decomposed  by  hydrochloric  acid  and  which  react  vith 
iodine. 

Determination   of  Thiosulphate   in   Presence   of   Sulphide 

and   Sulphydrate 

The  sulphide  and  sulphydrate  sulphur  is  removed  from  the  solution  by  adding 
an  excess  of  freshly  precipitated  cadmium  carbonate.  The  solution  is  filtered 
and  diluted  to  a  definite  volume  and  the  thiosulphate  determined  on  an  aliquflt 
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portion  by  running  it  into  an  excess  of  N/10  iodine  solution  and  titrating  the 
excess  of  iodine  with  N/10  thiosulphate  solution. 

One  cc.  N/10  iodine  =0.024822  gram  Na2S,03-5H20. 

Determination  of  Sulphates  and  Sulpliides  in  Presence  of 

One  Another 

In  one  portion  of  the  sample  the  sulphide  is  decomposed  and  the  hydrogen 
sulphide  expelled  by  boiling  the  solution  (in  presence  of  COa  replacing  air  in  the 
flask)  after  acidifying  with  hydrochloric  acid.  The  sulphate  sulphur  may  now  be 
precipitated  as  BaS04  by  the  usual  methods. 

In  a  second  portion  total  sulphur  is  determined  after  oxidizing  the  sulphide 
with  an  excess  of  bromine  and  boiling  out  the  excess  of  halogen.  Total  sulphur 
minus  sulphate  sulphur  -sulphide  sulphur. 

The  sulphide  may  be  oxidized  with  fuming  nitric  acid  by  boiling  the  solution 
in  a  flask  with  reflux  condenser.  ITie  nitric  acid  is  expelled  by  evaporating  the 
solution  down  to  a  moist  residue.  The  sulphate  is  now  precipitated  by  taking  up 
the  residue  with  water,  adding  HCl  and  then  suflicicnt  BaCU  to  cause  complete 
precipitation. 

Determining   the   Sulphur   in   Thiocyanic    (Sulphocyanic) 

Acid  and  its  Salts 

Oxidation  of  the  sulphur  may  be  accomplished  as  described  for  sulphides  in 
the  preceding  method  either  by  means  of  bromine  or  by  fuming  nitric  acid.  The 
sulphur  Ls  then  precipitated  as  BaS04  as  usual. 

Determination  of  Sulphurous  Acid  (SOs  in  Solution)  Free,  or 
Combined  in  Sulphites,  Acid  Sulphites,  Metabisulphites  and 
Thiosulphates 

Gravimetric  Method,  Oxidation  to  Sulphate  and  Precipitation  as  BaSOi. 
^phur  dioxide,  free  or  combined  in  a  soluble  salt,  may  be  oxidized  to  SOs  or 
•^Iphate  by  means  of  an  oxidizing  agent  such  as  chlorine,  or  bromine,  or  hydrogen 
P^xide  (alkaline  solution).  The  sulphuric  acid  or  sulphate  may  be  then  pre- 
cipitated and  determined  as  BaS04  in  the  usual  way. 

Procedure.  The  halogen  (bromine  preferred)  is  added  (in  a  water-saturated 
^tion)  in  large  excess  to  the  sample,  the  free  halogen  then  boiled  out,  and  sul- 
Miuric  add  precipitated,  from  a  solution  made  slightly  acid  with  hydrochloric 
^'d,  by  addition  of  a  solution  of  barium  chloride,  according  to  the  standard 
J^edure. 

If  hydrogen  peroxide  is  used,  the  solution  should  be  made  alkaline  with 
Ammonia  and  the  peroxide  added,  the  excess  boiled  out,  and  the  solution  then 
^^uule  acid  as  directed  above. 

BaSO4X0.3517-H,SOa,  or  X 0.5401  =Na,S05,  or  X 0.4458  =NaHSO,,  or 
X0J33S7  -Na&O,,  or  X0.2745  =S0,. 

Note.  If  bvdrogen  peroxide  is  used,  it  should  be  tested  fur  H^SOi  and  ullowanco 
^Hide  aooordingly. 
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Volumetric  Methods 

Titration  with  Iodine.  Sulphurous  Acid,  Sulphites,  Metabisulphites^  Udo- 
sulphates.  Sulphurous  acid,  combined  or  free,  may  be  titrated  with  iodine  solu- 
tion, the  following  reaction  taking  place: 

SOa+2I+2H20  =H2S04+2HI. 

The  titration  is  accomplished  by  adding  the  solution  of  sulphurous  acid,  sulphite^ 
or  thiosulphate  to  the  iodine,  not  in  the  reverse  order,  since  in  the  latter  order  low 
results  are  obtained,  unless  the  solution  is  very  dilute  (less  than  0.04%  SOi).^ 

Procedure.  Five  grams  of  the  sample  (sulphurous  acid  solution  titrated 
directly)  are  dissolved  in  a  little  water  and  transferred  to  a  500-cc.  graduated 
flask,  then  made  to  volume.  Each  cc.  of  this  solution  contains  0.01  gram  of  the 
sample;  100  cc.  of  N/10  iodine,  or  their  equivalent  if  the  solution  is  stronger  or 
weaker,  are  placed  in  a  beaker  together  with  a  few  drops  of  hydrochloric  acid.  A 
portion  of  the  sample  in  a  100-cc.  burette  is  now  run  into  the  iodine,  with  con- 
stant stirring,  until  the  color  of  the  free  iodine  has  almost  faded  out;  a  little 
starch  solution  is  now  added  and  the  titration  continued  to  the  complete  fading 
of  the  blue  color. 

Since  each  cc.  of  the  sample  contains  0.01  gram  of  the  material,  it  folloi*^ 
that  the  100-cc.  iodine  equivalent  in  terms  of  the  material  titrated  expressed  to 
the  fourth  decimal  place  as  a  whole  number,  if  divided  by  the  cc.  of  the  sample 
required,  will  give  the  per  cent  of  the  substance  sought,  provided  other  titratAble 
substances  are  absent. 

Example.  Suppose  sodium  stdphite  is  being  titrated,  then  since  100  cc.  of 
N/10  iodine  are  equivalent  to  0.6304  gram  Na^SOa,  6304  divided  by  the  cc. 
NaaSOs  solution  required  gives  per  cent  NajSOj.  If  63  cc.  were  required  the  salt 
would  be  100%  pure. 

Note.  When  the  iodine  equivalent  is  over  unity,  it  is  necessary  to  take  a  larger 
sample  per  500-cc.  volume  to  avoid  having  a  titration  of  over  100  cc.  For  example 
in  the  analysis  of  sodium  thiosulphate,  a  20-gram  sample  is  diluted  to  500  cc.  and  a 
portion  of  this  added  to  100  cc.  of  N/10  iodine  solution.  In  this  case  it  must  be  kept 
in  mind  that  each  cc.  of  the  sample  contains  0.04  gram  of  thiosulphate  and  the  per- 
centage calculated  accordingly  upon  completing  the  titration. 

If  the  titration  of  the  iodine  is  made  m  a  casserole,  the  end-point  may  readily  be 
recognized  without  the  addition  of  starch. 

Equivalents.    100  cc.  N/10  iodine  solution  will  oxidize: 

Sodimn  sulphite  (anhydrous),  NaaSOj  =0.6304  gram,  or  0.3203  gram  SOj. 

Sodium  sulphite,  NajSO, .  7H,0  =  1 .2606  grams. 

Acid  sodium  sulphite,  NaHSOs  =0.5204  gram. 

Sodium  metabisulphite,  NajSjOs  (anhydride  of  NaHSO,)  =0.47535  gram. 

Sodium  thiosulphate,  NasSjOa -51120  =2.4822  grams. 

Note.  Hydrogen  sulphide  or  sodium  sulphide  are  also  titrated  with  iodine. 
Equivalents  for  100  cc.  N/10  iodine  =  0.1704  gram  H^S,  or  0.3904  gram  NajS. 

*  A  secondary  reaction  takes  place,  the  hydriodic  acid  formed  reducing  the  SOs 
to  S,  e.g.,  S02-f4HI=2H20-f2l2-hS.  (J.  Volhard,  Ann.  d.  Chem.  u.  Pharm.,  242, 
94.)  The  solution,  if  notjtoo  dilute,  will  show  a  distinct  separation  of  sulphur.  (Tread- 
weU  and  Hall,  "  Analytical  Chemistry,"  2,  3d  Ed.)  Raschig  believes  that  a  loss  of 
SC^  occurs,  due  to  evaporation.  (Z.  Angew.  Chera.,  580,  1904.)  See  Sutton,  "Vol- 
umetric Analysis,"  10th  Ed.,  pp.  128, 129.  Gooch,  **  Methods  in  Chemical  Analysis," 
Ist  Ed.,  pp.  364-368. 
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Determination  of  Sodiom  Thiosulphate.  The  iodine  titration  is  described 
>n  page  410.    See  also  the  chapter  on  iodine. 

Acidimetric  and  Alkalimetric  Methods 

Titration  of  Sulphites,  Acid  Sulphites  (Metabisulphite)  or  Sulphurous 
Acid.  The  choice  of  indicator  is  important  as  the  titration  with  one  may  be 
different  from  that  obtained  in  presence  of  another.  For  example  the  titration 
of  sulphurous  acid  by  an  alkali  in  presence  of  phenolphthalein  is  twice  the  titration 
necessary  to  obtain  an  alkaline  reaction  with  methyl  orange.  The  reason  for 
this  is  evident  by  the  fact  that  Na^SOs  is  neutral  to  phenolphthalein  and  alkaline 
to  methyl  orange,  whereas  NaHSOa  is  neutral  to  methyl  orange  but  is  acid  to 
phenolphthalein.  Advantage  is  taken  of  this  in  the  analysis  of  salts  containing 
a  mixture  of  the  normal  and  acid  salts. 

Reaction.    With  phenolphthalein    H2SO,+2NaOH=Na^03+2H,0. 
With  methyl  orange       H^SOa+NaOH  =NaHS08+H,0. 

On  the  other  hand  if  a  salt  is  bemg  titrated,  methyl  orange  cannot  be  used 
for  the  titration  of  metabisulphite  or  acid  sulphite,  since  these  salts  are  neutral 
to  this  indicator,  here  phenolphthalein  is  required  and  an  alkali  titration  made. 
Reactton.  NaHSO,+NaOH  =  NajSOa.  (Na,S,06+H,0  =2NaHS0,.) 
Again  if  sodium  sulphite,  Na2S03,  is  to  be  titrat<?d,  phenolphthalein  would  not 
do  as  an  indicator,  siuco  Na^SOs  is  neutral  to  this  indicator.  Here  an  acid  titra- 
tion is  required  with  methyl  orange  indicator  present : 

2Na,SO,+H2S04  =2XaHSO,+Na,S04. 

A.  Sulphurous  Acid 

For  the  alkali  titration  of  this  acid  it  is  advisable  to  use  methyl  orange  as 
indicator,  since  this  is  not  affected  by  carbon  dioxide,  which  is  very  frequently 
present. 

Reaction.    H,SO,+NaOH  =  NaHSO,. 

One  cc.  N71  NaOH  =0.06407  gram  SO,,  or  =0.08209  gram  H,SO,. 

B.  Sodium  Metabisulphite 

Sodium  acid  sulphite  does  not  exist  in  dry  fonn,  since  the  salt  loses  water 
^d  the  anhydride  Na^aOs  results.  This  is  analogous  to  sulphurous  acid,  which 
Exists  only  in  water  solution.  It  has  been  found  that  the  acid  sulphite  solution 
^aporated  to  crystallization  yields  a  product,  which  though  dried  with  extreme 
^^are,  forms  the  anhydride  salt,  Na2S206.  For  correct  repwrt,  therefore,  the  solid 
^ould  be  reported  as  metabisulphite,  and  the  solution  of  the  salt  as  acid  sulphite. 
Since  metabisulphite  in  solution,  or  acid  sulphite,  is  neutral  to  methyl  orange, 
))henolphthalein  indicator  must  be  used  and  an  alkali  titration  made.  Carbon 
dioxide-free  water  and  reagents  should  be  used. 

Reaction.    Na&0,+H,0=2NaHS0,  and  NaHSO,+NaOH=Na,SO,+H,0. 

Procedure.    9.507  grams  of  the  finely  ground  powder  are  dissolved  in  about 

50  cc.  of  cold  saturated  salt  solution,  to  which  has  been  added  from  a  burette 

50  cc.  of  normal  sodium  hydroxide.    The  salt  solution  should  be  made  neutral  to 
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phenolphthalein.  One  cc.  of  0.1%  solution  of  the  indicator  is  added  and  the 
excess  acid  sodium  sulphite  titrated  with  normal  sodium  hydroxide  until  a  pe^ 
manent  faint  pink  color  is  obtained. 

Since  the  normal  equivalent  of  the  salt  has  been  taken  for  analysis  the  cc. 
alkali  titration,  including  the  50  cc.  originally  present,  will  give  the  percentage 
directly  in  terms  of  Na«SjO». 

NoTij.  The  NaCl  serves  to  give  a  sharp  and  more  permanent  end-point.  It 
may  be  necessary  to  add  more  of  tne  indicator  towards  the  end  of  the  titration. 

C.  Sodium  Sulphite,  Na2S93 

Sodium  sulphite,  Na^SOs,  is  neutral  to  phenolphthalein  and  alkaline  to 
methyl  orange.  The  titration  of  this  salt  is  accomplished  by  addition  of  standard 
acid  in  presence  of  methyl  orange. 

Reaction.    2Na,SO,+H2S04  =Na2S04+2NaHSOa. 

Procedure.  The  normal  factor  weight  (12.6  grams)  of  the  salt  is  dissolved 
in  about  250  cc.  of  distilled  water,  1  cc.  of  methyl  orange  added,  followed  by 
normal  sulphuric  acid,  added  from  a  burette  until  a  faint  orange  end-point  is 
obtained.  As  in  the  case  of  the  metabisulphite,  each  cc.  of  normal  sulphuric 
acid  equals  1%  Na^SOs.  Hence  the  percentage  is  obtained  directly  from  the 
burette  reading. 

Notes.  Organic  chlorine  matter  may  be  removed  from  the  solution  by  filtering 
through  charcoal. 

If  sodium  carbonate  is  present,  it  will  also  be  titrated.  A  correction  must  be 
applied  for  this.  In  the  presence  of  sodium  carbonate  the  solution  will  be  alkaline 
to  phenolphthalein.  An  approximate  estimation  of  this  may  be  obtained  by  titra- 
tion with  normal  acid  in  presence  of  this  indicator,  remembering  that  sodium  bictf* 
bonate,  NaHCOs,  is  neutral  to  phenolphthalein,  hence  twice  this  titration  must  be 
deducted  from  the  total  methyl  orange  titration,  i.e.,  NaaCOj-f  HjSO«  (M.O.)* 
Na2S()4+H2C03  and  2Na2S()5+H;S04  (P.)  =2NaHS04+2NaHCOs.  (Alkaline hydrox- 
ides will  also  be  titrated.)  CO2  may  also  be  obtained  by  the  standardprocedure  undff 
carbon,  the  SO2  being  oxidized  by  addition  of  chromic  acid.  NajCOjX  1.5= equiv- 
alent Na^SOa. 

Sodium  carbonate  may  he  detected  in  a  sulphite  or  metabisulphite  by  adding 
cold,  dilute  acetic  acid  (25%)  to  the  dry  powdered  salt.  An  effervescence  is  due 
to  the  presence  of  carbonate,  since  a  sulphite  or  metabisulphite  does  not  effer- 
vesce under  similar  conditions. 

Determination  of  Sulphites,  Metabisulphites,  ThiosulphateSt 
Sulphates,  Chlorides  and  Carbonates  in  Presence  of  One 
Another 

I.  Sodium  Sulphite,  Na2S03 

This  is  determined  by  titration  with  standard  acid  in  the  presence  of  methyl 
orange  indicator  according  to  the  standard  procedure  previously  described.  H 
a  carbonate  is  present,  allowance  must  be  made  for  this  as  stated 

One  cc.  N/1  H2SO4  =0.126  gram  NajSOi.    Calculate  to  per  cent. 
Na2C08Xl.5  =  equivalent  Na2S0i. 
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2.  Sodium  Metabisulphite,  Na2S205 

This  is  determined  by  titration  with  a  standard  alkali  in  the  presence  of 
phenolphthalein  indicator  according  to  the  procedure  previously  described. 

One  cc.  N/1  NaOH  =0.09507  gram  NanSjO*.    Calculate  to  per  cent. 

3.  Sodium  Thiosulphate,  Na2S203 

One  gram  of  the  mixed  salts  is  placed  in  100  cc.  of  N/10  iodine  solution,  and 
tiie  excess  of  iodine  titrated  with  N/10  sodium  thiosulphate  according  to  the 
standard  procedure. 

Calculation.     { (cc.  N/10  I  -cc.  N/10  Na,S,0,)  -[(%  NaAO6X2.104) 

+  (%  Na^OaXl.5864)]}  X1.5814  =%  Na,S,0,. 

4.  Sodium  Sulphate 

The  sample  is  dissolved  in  a  little  Water,  hydrochloric  acid  added,  and  the 
solution  boiled  to  expel  all  of  the  SOj.  Barium  sulphate  is  now  precipitated 
and  determined  according  to  the  standard  procedure. 

BaSOiX  0.6086  =Na,S04. 

Note.  The  amoimt  of  the  sample  required  is  governed  by  the  per  cent  NatS04 
present. 

5.  Sodium  Chloride 

The  sample  is  dissolved  in  water,  nitric  acid  added  and  the  solution  boiled 
until  all  the  Sd  has  either  been  volatilized  or  oxidized.  The  chlorine  of  the 
chloride  is  now  precipitated  with  silver  nitrate  from  a  hot  solution  by  the  usual 
procedure. 

AgClX0.4078-NaCl. 

Note.  The  amount  of  the  sample  taken  is  governed  by  the  per  cent  of  NaCl 
present. 

6.  Sodium  Carbonate,  Na2C03 

Carbon  dioxide  is  evolved  from  the  mixture  by  means  of  chromic  and  sul- 
phuric acidJB,  the  former  being  used  to  oxidize  the  SO2  of  the  sample.  The  evolved 
gas  is  bubbled  through  a  mixture  of  strong  sulphuric  and  chromic  acids  to  remove 
any  SOj  that  may  have  escaped  oxidation.  Fig.  20.  The  C0»  is  absorbed  either 
in  caustic  and  weighed  or  is  passed  into  a  standard  solution  of  barium  hydroxide 
and  titrated  according  to  the  standard  procedures  given  under  carbon. 

Note.  The  amoimt  of  the  sample  taken  is  governed  by  the  per  cent  of  NaaCOi 
present. 


DETERMINATION  OF  FREE  SULPHUR  IN  A  MIXTURE 

From  1  to  10  grams  of  the  material,  depending  upon  the  amount  of  sulfi^iir 
present,  is  extracted  in  a  Soxhlet  extractor  (see  modifiedform  Fig.  61)  withcsitno 
tetrachloride,  or  carbon  bisulphide  (freshly  <ii» 
tilled)  for  twelve  hours.  Tbe  extract  is  rmpof 
ated  to  dryness,  adding  10  cc.  of  bromine-carboo 
tetrachloride  mixture  together  with  15  cc.  of  nttrie 
acid.  The  residue  is  taken  up  with  10  cc.  d 
hydrochloric  acid,  diluted  with  150  cc.  of  distilled 
water,  heated  to  boiling  and  the  sulphuric  acid 
precipitated  with  10%  barium  chloride  solution, 
washed,  dried,  Ignited  and  weighed  according  to 
the  procedure  for  sulphur. 


BaSO.X  0.58851  -Ba. 


BaSQ,X  100X0,13738 
We^ht  of  sample 


per  cent  free  suljdiiiT. 


extraction  apparatus*  has  scTtfil 
advantages  that  make  this  apparatus  dedrable  for 
laboratory  use,  where  a  number  of  doily  extractiom 
are  required.  As  may  be  seen  from  Fig.  66,  bj 
simply  removing  the  gloss  stopper  D  tbe  ej^uiK 
may  be  charged  without  disconnecting  the  apf** 
tus,  as  is  necessary  with  the  Soxhlet  type  d  •PP*' 
rntus.  The  extraction  is  carried  on  with  theti^* 
A  and  B  closed,  the  siphon  (-C  acting  autom*"- 
cally  as  in  case  of  the  Soxhlet.  With  A  da^ 
and  B  open  the  apparatus  may  be  used  as  ■  reflu 
condenser.  The  solvent  liquid  may  be  drawii » 
by  oi>enii^,i4.  With  B  closed  and  A  open  fl* 
__,  apparatus  may  be  used  as  a  condenser  and  tin 

Fio.  66.— Sanders'  Extraction  "it'^er,  chlorofonn,  carbon  disulphlde,  etc.,  distilled 
Apparatus.  from  C     The  globe-shaped  Soxhlet  condenserm^ 

be  replaced  by  Allihn's  or  Liebig's 

desired.    The  ball  form,  however,  is  more  compact. 


EVALUATION  OF  SPENT  OXIDE  FOR  AVAILABLE  SULPHUR 

Spent  oxido  is  the  by-product  of  gas  works,  and  refers  to  the  spent  Fefi,  us(d 
in  tbe  scrubber  for  the  removal  of  hydrogen  sulphide  from  the  gas.  The  F«S, 
as  in  case  of  piTites,  is  used  in  the  manufacture  of  sulphuric  acid,  and  is  evalued 
by  its  av.'dlable  sulphur  content. 

Total  Sulphur.    The  oxide  is  sampled,  brought  into  solution  and  the  sulphiB 

'  J.  McC.  Sandere,  Proc.  Cheni.  Soc.,  86,  227-228,  1910.     The  Analj-st,  Si,  556^ 
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etemiined  exactly  as  is  given  under  the  standard  method  for  determination  of 
ulphur  in  pyrites  ore. 

Residual  Sulphur.  Two  grams  of  the  material  are  ignited  to  expel  volatile 
ulphur,  a  porcelain  crucible  being  used.  The  residue  is  treated  with  strong 
lydrcx^hloric  acid  and  after  digestion  on  the  steam  or  water  bath  is  diluted  with 
vater  and  filtered.  (If  SiOj  is  present  evaporation  to  dryness  is  necessary.) 
sulphur  is  determined  in  the  filtrate  as  usual. 

Available  Sulphur.  The  per  cent  of  residual  sulphur  is  subtracted  from  the 
x?r  cent  total  sulphur,  the  difference  being  available  sulphur. 

Iron.  This  may  be  detennined  on  an  ignited  sample  according  to  a  standard 
jrocedure  for  iron.    See  chapter  on  Iron. 


ANALYSIS  OF  BRIMSTONE 

The  impurities  in  brimstone  are  seldom  more  than  a  few  tenths  per  cent.  In 
the  usual  analysis,  moisture,  available  sulphur,  ash,  arsenic,  and  chlorine  are 
ro(iuired. 

Moisture.  The  powdered  sample,  weighing  50  grams,  is  spread  out  on  a 
watch-glass  and  dried  for  an  hour  at  100°  C,  then  cooled  in  a  desiccator  and 
weighed. 

Loss  of  weight  in  grams  multiplied  by  2  =  per  cent  moisture. 

Available  Sulphur.  Ten  grams  of  the  sulphur  taken  from  the  dried  material 
are  heated  in  a  silica  or  porcelain  dish  until  the  sulphur  ignites.  The  heating  is 
discontinued  during  the  burning  of  the  substance,  but  renewed  for  a  minute  or 
»>  after  the  sulphur  has  burned  away.  Loss  of  weight  of  the  cooled  residue  is 
^Ue  to  the  available  sulphur. 

Note.    Organic  matter  in  brimstone  is  not  appreciable. 

Ash.  This  is  the  residue  that  remains  in  the  dish.  The  increase  of  weight 
^  the  tared  dish  is  due  to  the  ash. 

Arsenic.  Ten  grams  of  the  material  are  treated  with  30  cc.  of  carbon  tetra- 
chloride mixture  (3  parts  CCI4+2  parts  Br)  and  after  standing  for  ten  minutes 
^  cc.  strong  nitric  acid  are  added  in  small  portions  (a  watch-glass  covering  the 
*^*^aker  during  the  intervals  of  addition).  The  mixture  is  taken  to  dryness  on  the 
*^m  bath.  Water  is  added  and  the  evaporation  repeated.  Arsenic  is  now 
^Jetennined  on  the  residue  by  the  Gutzeit  Method  for  arsenic. 

^NoTE.     Arsenic-free  reagents  should  be  employed. 

Chlorine.  One  hundred  grams  of  the  brimstone  are  extracted  with  hot  water, 
the  filtered  extracts  oxidized  with  10  to  15  cc.  of  nitric  acid  and  a  few  crystals 
<^  ammonium  persulphote  by  boiling  and  treated  with  6  cc.  of  10%  solution 
of  silver  nitrate.  The  solution,  brought  to  boiling,  is  placed  in  a  dark  place  and 
the  silver  chloride  allowed  to  settle.  This  is  now  filtered  ofif  in  a  weighed  Gooch 
rrucible  and  chlorine  calculated  from  the  AgCl. 

AgCl  X  0.2474  =  01  or  =  0.4078  =  NaCl. 


THORIUM 

R.  Stuart  Owens  ' 
Th,  at.wt.  232.4;  sp.gr.  7.7;  11.00;  m.p.  1700'';  oxuiea  ThOs. 

DETECTION 

(1)  By  means  of  the  spectroscope.  Thorium  shows  lines  of  greatest  intensitv 
in  the  arc  spectrum  at  4863.3,  and  4919.9.  In  the  spark  spectrum  lines  of  great- 
est intensity  at  3221.4,  3300.6,  4382.1,  4391.1. 

(2)  By  the  addition  of  H|0»  to  a  neutral  solution  of  the  nitrates  containing 
anmionium  nitrate.    See  page  418. 

(3)  By  radio  activity.  Thorium  compounds  possess  the  power  of  continu- 
ally emitting  Becquerel  rays  and  radio  active  emanations. 

ESTIMATION 

The  estimation  of  thorium  is  required  chiefly  in  the  fabrication  of  incandescent 
gas  mantles.  Raw  materials  such  as  monazite  P04(Ca,La,Di,Th))  and  thorite 
(ThSi04)  are  generally  used.  The  former  usually  contains  from  2  to  49c  of 
thorium  while  the  latter  runs  as  high  as  81.5%.  Thorium  nitrate  in  a  rather 
impure  state  is  the  chief  intermediate  product.  The  finished  mantles  generally 
contain  99%  ThO,  and  1%  CeO,. 

Preparation  and  Solution  of  the  Sample 

"  A  "  Silicates  (as  thorite,  etc.)*  are  decomposed  by  treatment  with  ten  times 
their  weight  of  fuming  hydrochloric  acid.  This  treatment  usually  suffices,  but 
in  cases  where  an  insoluble  residue  still  remains  it  is  fused  with  ten  times  its 
weight  of  sodium  carbonate  in  a  large  platinum  crucible.  The  fusion  is  dissolved 
in  hydrochloric  acid  and  added  to  the  solution  obtained  from  the  first  extraction. 
After  the  silica  and  the  metals  of  the  first  group  are  removed  in  the  usual  way 
the  solution  is  freed  from  HjS  by  boiling.  The  thorium  together  with  the  other 
rare  earths,  calcium,  magnesium,  etc.,  are  then  present  as  chlorides  and  the  necesr 
sary  separations  made  as  detailed  under  gravimetric  determination. 

*'  B  "  Phosphates  (as  Monazite,  etc.)  (i)  By  Fusion  with  Potassium  Acid 
Sulphate,*  0.5  gram  of  the  finely  pulverized  material  is  mixed  with  10  grams  of 
potassium  acid  sulphate  in  a  large  platinum  crucible,  covered  and  heated  until 
(gentle  fusion  takes  place  and  no  further  gas  is  given  off.  Then  ignite  over  free 
flame  for  a  few  minutes,  cool  and  treat  with  a  little  water  and  hydrochloric  acid, 
until  complete  decomposition  takes  place.  Boil  for  a  few  minutes,  allow  to  cool 
and  settle  and  decant  off  the  clear  liquid.    The  residue  is  treated  with  concen- 

*  Research  Chemist,  New  York  City. 

*  Lunge,  **  Technical  Methods  of  Analysis." 

» Benz,  "  Zeit.  fur  angew.  Chem.,  p.  297,  1902. 
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trated  hydrochloric  acid.  Dilute  and  filter  from  the  residue  of  silicic  and  tantalic 
acids.  The  filtrate  then  contains  the  thorium,  etc.,  as  chlorides.  Determinations 
are  made  as  detailed  under  gravimetric  methods  following. 

(2)  By  Sulphuric  Acid  Extraction,  The  finely  pulverized  sample  is  mixed  with 
sufficient  H2SO4  to  form  a  paste  and  the  mass  heated  gently  at  first,  then  gradually 
increasing  the  heat  to  low  redness.  After  cooling  the  rare  earths  are  dissolved 
from  the  mass  with  cold  water.  The  thorium  is  then  present  in  the  solution  as 
sulphate.  After  removal  of  the  base  metals  in  the  usual  way  determinations  are 
carried  out  as  detailed  below. 

"  C  "  Oxides  (as  gas  mantles,  etc.).  In  the  case  of  gas  mantles  the  organic 
matter  is  first  burned  off  and  the  resulting  oxides  heated  with  three  tim.es  their 
weight  of  strong  HjSOi  in  a  porcelain  casserole.  The  mixture  is  heated  on  the 
sand  bath  at  a  temperature  slightly  below  that  required  to  drive  off  fumes  of 
SOj  for  a  few  minutes.  After  cooling  the  contents  are  diluted  with  a  small 
quantity  of  water  and  allowed  to  stand  for  several  hours.  The  sulphates  com- 
pletely dissolve  and  the  sample  is  ready  for  the  gravimetric  estimation  as  detailed. 

SEPARATIONS 

(1)  The  hydroxide  is  insoluble  in  an  excess  of  the  precipitant. 

(2)  The  sulphate  forms  double  salts  with  K2SO4,  which  are  insoluble  in  an 
excess  of  the  reagent. 

(3)  Thorium  oxalate  readily  forms  a  double  oxalate  with  ammonium  oxalate 
in  an  excess  of  the  reagent. 

(4)  Thorium  is  precipitated  together  with  the  rare  earths  by  oxalic  acid. 

(5)  Thorium  and  cerium  may  be  separated  from  all  of  the  other  earthy  metals 
if  the  hydroxides  recently  precipitated  are  suspended  in  water  containing  4  to  5 
times  their  weight  of  caustic  soda  and  a  current  of  chlorine  gas  passed  through  the 
solution.  All  of  the  other  metals  dissolve.  The  insoluble  residue  left  under 
these  conditions  is  gelatinous  like  aluminum  hydroxide. 

(6)  Thorium  may  be  completely  separated  from  cerium  by  precipitation  with 
HjOi  from  a  neutral  solution  containing  10%  of  ammonium  nitrate.  The  thorium 
being  precipitated  as  the  peroxide  which  on  ignition  readily  changes  to  the 
oxide  ThO,. 


GRAVIMETRIC  METHOD  FOR  DETERMINING  THORIUM 

The  solution  of  the  chlorides  or  sulphates  after  being  freed  from  the  base 
metals,  silica,  etc.,  is  made  nearly  neutral  with  ammonium  hydroxide  and  the 
rare  earths  precipitated  by  the  addition  of  oxalic  acid  in  solution.  In  the  case 
of  monazite  sands  where  0.5  gram  sample  was  used  1  gram  of  oxalic  acid  is  gener- 
ally sufficient,  but  in  any  case  the  precipitate  should  be  allowed  to  settle  and  the 
clear  solution  tested  by  the  further  addition  of  oxalic  acid.  Allow  to  stand  at 
least  twenty-four  hours,  then  filter  and  wash  thoroughly  with  water.  The  pre- 
cipitate is  then  washed  into  a  casserole  and  treated  with  strong  nitric  acid,  adding 
a  little  at  a  time  until  complete  decomposition  has  taken  place.  Then  evaporate 
to  dryness  on  the  steam  bath  to  remove  the  excess  acid.  A  second  evaporation 
with  water  should  follow  in  cases  where  the  precipitate  is  appreciable.    Take  up 
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with  10%  ammonium  nitrate  in  sufficient  quantity  to  cause  a  dilution  of  one  part 
of  thorium  nitrate  in  100  parts  of  water.  Heat  to  60^-80^  C.  and  precipitate  the 
thorium  with  20  cc.  of  pure  3%  HsOi  solution  for  each  100  cc.  solution.  The 
precipitate  which  is  usually  colored  yellow  by  traces  of  cerium  peroxide  is  fil- 
tered at  once,  washed  with  hot  water  containing  ammonium  nitrate.  By  repre^ 
cipitation  after  solution  in  nitric  acid  and  neutralizing  the  excess  acid  with 
ammonia  pure  thorium  peroxide  may  be  obtained.  The  precipitate  is  ignited 
in  a  platinum  crucible  and  weighed  as  ThOs. 

Thorium  nitrate  is  assayed  by  precipitating  the  thorium  as  peroxide  accord- 
ing to  the  details  given  above. 


DETERMINATION  OF  MINUTE  AMOUNTS  OF  THORIUM 

JOLLY'S  METHOD! 

Solids  after  pulverizing  are  fused  with  an  alkali  carbonate  at  1000^  C.  and 
the  fusion  extracted  with  water.  The  residue  is  dissolved  in  dilute  hydrochloric 
acid  and  set  aside  for  some  day^  in  order  to  allow  thorium  disint^ration  products 
to  develop.  The  thorium  is  then  determined  by  boiling  off  the  emanations  in  a 
constant  stream  of  air  which  is  passed  through  an  electroscope.  The  rate  of 
discharge  of  the  electroscope  is  compared  with  that  produced  when  a  known 
amount  of  thorianite  was  tested.  It  is  necessary  to  boO  the  solutions  before 
testing  to  expel  any  radium  emanation  that  may  be  present. 

» J.  S.  C.  I.,  8,  Vol.  M,  422. 


TIN 

H.  A.  Baker  *  and  B.  S.  Clark  * 
Sn*  ai.Wi*  118.7;  8p.gr.  6.56;  m.p.  232°;  6.p.  2275*";  oxidet  SnOs  and  SnO. 

DETECTION 

Tin  is  separated,  together  with  arsenic,  antimony,  gold  and  platinum,  from  the 
hydrogen  sulphide  precipitate  of  the  metals  of  the  second  group,  by  the  action  of 
yellow  ammonium  sulphide.  (Normal  ammonium  sulphide  does  not  readily  dis- 
solve the  sulphides  of  tin.)  If  4;he  ammonium  sulphide  solution  is  acidulated  with 
hydrochloric  acid  and  the  acid  solution  reduced  with  iron,  antimony,  arsenic, 
platinum  and  gold  are  precipitated  in  the  metallic  form.  The  presence  of  tin, 
^idiich  is  present  as  stannous  chloride,  is  indicated  by  the  reducing  action  of  the 
solution  on  mercuric  chloride,  a  white  precipitate  of  HgCl  or  a  gray  precipitate 
of  Hg  being  thrown  down. 

Reduce  the  hydrochloric  acid  solution  of  the  sample  by  means  of  a  small  piece 
of  iron  wire.  Treat  with  an  excess  of  cold  potassium  hydroxide.  Filter  if  the 
solution  is  not  clear.  Add  an  ammoniacal  solution  of  silver  nitrate.  (One  part 
AgNOt  :  16  parts  NH4OH.)  A  brown  precipitate  of  metallic  silver  indicates  the 
presence  of  tin.  Antimony,  arsenic,  platinum  and  gold  are  precipitated  by  the 
iron,  while  all  of  the  heavy  metals  remaining,  except  lead,  tin,  aluminum,  chro- 
mium, and  zinc,  are  removed  by  the  treatment  with  potassium  hydrate. 

Welch  and  Weber'  recommend  the  following  method  for  detection  of  tin: 
Add  10  cc.  concentrated  hydrochloric  acid  to  the  superficially  dried  precipitated  sul- 
phides from  the  ammonium  sulphide  separation.  Filter  off  arsenic  which  does  not 
decompose.  Dilute  filtrate  to  70  cc.  volume.  Saturate  with  US.  Heat  to  expel 
excess  HsS.  Add  5  cc.  of  hydrogen  peroxide  and  heat  until  precipitate  is  redis- 
solved.  Add  5  to  10  grams  of  oxalic  acid  and  pass  H2S  into  the  hot  solution.  Anti- 
mony separates  as  a  red  sulphide.  Filter.  Filtrate  contains  the  tin.  Reduce 
with  test  lead  and  add  mercuric  chloride.  W&te  or  grayish  precipitate  indicates 
presence  of  tin. 

ESTIMATION 

The  estimation  of  tin  is  required  in  connection  with  the  analysis  of  tin  ores, 
dross,  ashes,  dust,  tin  plate,  alloys  such  as  solder,  canned  foods,  and  general 
analysis. 

Opening  Up  Tin  Ores 

As  the  oxides  of  tin  are  not  readily  soluble  in  acids  the  tin  can  be  most  easily 
removed  by  assay.  Ores,  slags,  dross,  and  ashes  are  first  subjected  to  the  assay 
process.    The  button  obtained  is  then  analyzed  either  volumetrically  or  gravi- 

*  Chief  Chemist,  American  Can  Company. 

'Fifjt  Assistant  Chcnist,  American  Can  Company. 

'Jour.  Am.  Chem.  Soc.,  SS,  5, 1011, 1916. 
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metrically  by  one  of  the  methods  given  below.  Having  the  weight  of  the  button 
and  the  per  cent  of  tin  in  it,  the  per  cent  of  tin  in  the  sample  as  received  can  be 
calculated. 

There  are  two  general  processes  of  assaying,  namely,  the  Cyanide  Process  and 
the  Carbonate  of  Soda  Process. 

The  Cyanide  Process 

The  theory  of  this  method  is  that  the  oxides  are  reduced  to  the  metal  by  the 
action  of  potassium  cj'anide,  the  reaction  being  represented  as  follows: 

Sn02+2KCN  =Sn+2KCN0. 

Potassium  cyanide  reduces  other  metals  also  so  that  the  button  obtained  is  not 
pure. 

Procedure.  Take  100  grams  of  the  sample  which  has  been  dried  and  finely 
powdered.  (For  complete  analysis  the  moisture  should  be  determined  in  the 
usual  way.)  Mix  thoroughly  with  four  times  its  weight  of  powdered  potassium 
cyanide.  Place  about  1  in.  of  potassium  cyanide  in  the  bottom  of  a  number  H 
(height  5}  iiis.,  diameter  3}  ins.)  Batlersea  clay  crucible.  Place  the  mixture 
of  sample  and  cyanide  on  top  of  the  cyanide  in  the  crucible  and  cover  with  enough 
more  cyanide  to  fill  the  crucible  to  within  1  in.  of  the  top. 

Place  the  crucible  in  the  assay  furnace  and  heat  slowly  until  it  has  been 
thoroughly  warmed  and  the  cyanide  begins  to  melt.  Then  increase  the  heat 
gradually  to  a  pure  white,  taking  care  that  the  cyanide  does  not  boil  over.^ 
Grasp  the  crucible  with  the  tongs  and  tap  it  gently  on  the  hearth  to  assist  in 
settling  the  metal.  Continue  the  heating  imtil  all  of  the  organic  matter  has  dis- 
appeared, adding  more  cyanide  from  time  to  time  if  necessary.  Near  the  end  of 
the  process  the  molten  mass  becomes  clear  and  transparent  and  finally  pasty  and 
translucent.  When  this  last  condition  appears,  remove  the  crucible  from  the 
furnace  and  allow  it  to  cool  slowly  at  the  temperature  of  the  room. 

When  cool,  break  the  crucible  and  slag  away  from  the  button.  The  appear- 
ance of  the  button  and  the  slag  immediately  surrounding  it  indicates  whether 
or  not  the  process  has  been  properly  manipulated.  The  button  itself  should  be 
firm  and  compact  and  the  slag  around  it  should  be  white  or  greenish  in  color.  If 
the  button  is  spongy  or  if  the  slag  has  a  dirty  black  color,  the  assay  should  be 
discarded  and  a  new  determination  made,  using  a  fresh  sample.* 

Weight  of  l^utton  =pcr  cent  Metal  in  Sample. 

Weight  of  Metal  X  per  cent  Sn  .  «    .    ^i     «        i 
=per  cent  Sn  m  the  Sample. 

Note.  This  j)r()oe.ss  should  be  carried  on  tmdcr  a  hood  in  a  segregated  room,  and 
ever>'  precaution  should  be  taken  to  avoid  breathing  the  poisonous  fumes  of  potasBdum 
cyanide. 

1  Lunge  advises  that  the  cyanide  should  not  be  allowed  to  boil.  He  uses  a  small 
sample  (10  gramvs).  "  Technical  Methods  of  Chemical  Analysis  "  1.  Part  1,  p.  256. 
It  is  our  exix'rience  that  satisfactory  results  are  not  obtained  unless  the  extreme  hett 
of  tlie  furnace  is  used. 

2  See  also  Mcllor,  "  A  Treatise  on  Chemical  Analysis,"  p.  270,  1913. 
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The  Sodium  Carbonate  Method 

The  sample  is  fused  with  equal  parts  of  sodium  carbonate  and  sulphur.*  The 
fusion  is  then  dissolved  in  water.  The  tin  goes  into  solution  as  a  thiostannate  of 
sodium.  Iron  and  copper  are  then  separated  by  the  addition  of  sodium  sulphite, 
leaving  arsenic,  antimony  and  tin  in  solution.' 

Other  Methods  of  Opening  Tin  Ores 

Fusion  with  Sodium  Hydrate.  The  sample  of  ore  is  fused  with  ten  times 
its  weight  of  sodium  hydrate.  The  process  is  carried  out  in  an  iron  crucible  and 
then  transferred  to  nickel.  The  fused  mass  is  dissolved  in  water  and  the  tin 
determined  in  the  usual  way.* 

Reduction  by  Means  of  Hydrogen.  The  ore  may  be  reduced  by  strongly 
igniting  in  a  porcelain  tube  in  a  current  of  hydrogen.  The  reduced  metal  is  then 
dissolved  in  hydrochloric  acid  and  the  tin  estimated  by  a  standard  method. 

Fusion  ^th  Sodium  Peroxide.  J.  Darroch  and  C.  Meiklejohn*  opened  ores, 
slags,  etc.,  by  fusing  with  sodium  peroxide  in  a  nickel  crucible.  They  dissolve  the 
fused  mass  in  hot  water  and  acidify  with  hydrochloric  acid.  The  sample  is  then 
ready  for  the  necessary  separations. 


SEPARATIONS 

Tin  is  separated  from  iron,  aluminmn,  chromium,  etc.,  by  the  insolubility  of 
its  sulphide  in  dilute  hydrochloric  acid.  Tin,  together  with  antimony,  arsenic, 
platinum  and  gold,  is  separated  from  lead,  mercury,  copper,  cadmium  and  bismuth, 
by  the  solubility  of  its  sulphide  in  yellow  ammonium  sulphide.  Antimony, 
arsenic,  platinum  and  gold  are  precipitated  as  metals  from  a  hydrochloric  acid 
solution  by  the  action  of  metallic  iron,  leaving  tin  in  solution. 

A  few  special  separations  are  of  interest. 

Tin  and  Lead.  For  the  analysis  of  an  alloy  of  lead  and  tin,  it  is  usually  prefer- 
able to  make  the  estimations  on  different  samples.  In  this  case,  lead  is  estimated 
by  Thompson's  method  and  the  tin  by  Baker's  modification  of  the  iodine  method. 
Lead  can  also  be  separated  from  tin  by  the  method  given  below  for  the  separation 
of  tin  and  copper. 

Tin  and  Copper.  This  alloy  can  be  dissolved  in  concentrated  hydrochloric 
acid  by  the  addition  of  potassium  chlorate.  A  large  excess  of  ammonium  tar- 
trate is  added  and  the  solution  made  alkaline  with  ammonia.  Copper  is  then 
precipitated  as  sulphide  by  the  addition  of  hydrogen  sulphide  water  until  no  more 
precipitate  is  formed. 

*Very  finely  divided  carbon  is  sometimes  preferred.  Air  must  not  be  allowed 
to  <5nter  the  crucible.  Else  decomposition  is  not  complete.  Mellor,  "  A  Treatise  on 
Chemical  Analvsis,"  1913,  p  270.  If  carbon  is  used  instead  of  sulphur  the  process 
becomes  one  of  reduction  to  the  metal  and  is  carried  out  in  the  assay  furnace.  The 
details  of  operation  are  sitnilar  to  the  cyanide  process.  The  metal  separates  as  a  button 
in  tlM  bottom  of  the  crucible.  The  button  contains  other  metals  with  the  tin  and  must 
be  analyzed  further  for  exact  percentages. 

*  Mellor  objects  to  the  method  as  being  tedious  and  dirtv. 

»  Ijow,  "  Technical  Methods  of  Ore  Analysis,"  3d  Ed.,  pp.  208-213,  1908. 

^Engmeering  and  Mining  Journal,  81,  1177,  1906. 
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Tin  and  Antimony.  Antimony  is  separated,  in  the  metallic  form,  from  the 
hydrochloric  acid  solution  of  the  alloy,  by  the  action  of  metallic  iron  placed  in  the 
solution.  The  tin  may  be  determined  by  the  iodine  method  without  the  removal 
of  the  antimony.  If  the  antimony  is  desired,  it  may  be  filtered  off  and  deter- 
mined in  the  usual  way. 

As  in  the  case  of  lead,  it  is  usually  quicker  and  m.ore  accurate  to  make  these 
determinations  on  separate  samples.  The  tin  can  be  determined  by  the  iodine 
method.  The  antimony  can  be  determined  volumetrically  by  various  methods, 
preferably  the  bromate.    (See  chapter  on  Antimony.) 

Tin  and  Phosphorus.  One-half  gram  of  the  alloy  is  dissolved  in  15  cc.  of 
concentrated  hydrochloric  acid  containing  potassium  chlorate.  This  is  diluted 
to  200  cc.  with  water  and  warmed.  It  is  then  treated  for  a  long  time  with 
hydrogen  sulphide  gas.  The  tin  is  all  precipitated  as  sulphide  while  the  phos- 
phorus remains  in  solution. 

Tin  and  Iron  and  Aluminum.  Tin  is  separated  from  iron  and  aluminum  by 
precipitation,  as  sulphide,  from  the  hydrochloric  acid  solution. 

Iron  may  also  be  separated  from  tin  with  copper,  and  lead  by  precipitation 
as  sulphide  from  the  alkaline  anamonium  tartrate  solution. 

Tin  and  Tungstic  Acid.  Donath  and  Mullner  ^  separate  tin  oxide  from  tung- 
stic  acid  by  mixing  the  sample  with  zinc  dust  and  strongly  igniting  in  a  covered 
crucible  for  fifteen  minutes — boiling  with  dilute  hydrochloric  acid;  oxidizing  with 
potassium  chlorate  to  change  the  blue  tungstic  oxide  to  tungstic  acid  and  diluting 
with  water.  It  is  then  allowed  to  stand  overnight  and  filtered.  Tjie  tin  is  in 
solution. 


GRAVIMETRIC    METHODS    FOR   THE    DETERMINATION 

OF   TIN 

Determination  of  Tin  or  the  Oxides  of  Tin  by  Hydrolysis 

This  method  depends  upon  the  precipitation  of  meta-stannic  acid  in  the 
presence  of  anmionium  nitrate  when  the  stannic  chloride  is  diluted  to  considerable 
volume  and  heated  to  boiling.  It  is  especially  applicable  to  the  determination 
of  tin  oxide  in  tin  paste,  but  may  be  extended  to  all  chloride  solutions  of  the 
higher  oxides.    The  reaction  involved  proceeds  as  follows: 

SnCl4+4NH4NO,+3H20 

=H2SnO,+4NH4Cl+4HNO,.« 

Stannous  tin  may  be  determined  by  oxidizing  the  chloride  solution  to  the 
stannic  form.    The  method  gives  concordant  results  and  is  rapid. 

Procedure.  For  the  analysis  of  tin  paste  take  a  catch  weight  of  about  10 
grams  for  a  sample.  Dissolve  this  sample  by  heating  it  in  a  No.  6  beaker  with 
300  cc.  of  concentrated  hydrochloric  acid.  Transfer  the  acid  solution  to  a  500-cc. 
volumetric  flask  and  make  up  to  the  mark  with  dilute  (1  :  1)  hydrochloric  acid. 

» J.  Chem.  Soc.  Absts.,  54,  531,  1888. 

'Freseniue,  "Quantitative  Chemical  Analysis,"  1,  406,  1903.  Sodium  sulphate 
may  be  used  instead  of  ammonium  nitrate.    In  that  case  the  reaction  is 

SnCU +4Na,S04 +3H,0  =  H,SnO, +4NaCl  -f  4NaHS04. 
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Take  50  cc.  (approximately  1  gram)  for  a  working  sample.  (If  the  deter- 
mination is  to  be  made  on  tin  paste,  the  sample  may  be  obtained  directly  by  one 
of  the  methods  described  under  Opening  Tin  Ores.)  Dilute  to  100  cc.  with  cold 
water.  Nearly  neutralize  with  strong  ammonia  and  finish  by  adding  drop  by 
drop  from  a  burette,  dilute  ammonia  until  a  slight  permanent  precipitate  is  formed. 
A  large  amount  of  ammonia  will  tend  to  precipitate  iron,  if  present,  as  a  hydrate 
and  to  re-dissolve  the  meta-stannic  acid.^  Add  50  cc.  of  a  saturated  solution  of 
ammonium  nitrate.  Dilute  to  400  cc.  with  boiling  water,  stirring  constantly. 
Bring  the  solution  to  an  incipient  boil,  remove  from  the  flame  and  allow  the 
beaker  to  stand  on  the  steam  bath  until  the  precipitate  has  settled.'  The  solu- 
tion above  the  precipitate  should  be  clear.  Decant  the  supernatant  liquor  through 
a  12 J  cm.  S.  &  S.  590  filter  paper  and  wash  the  precipitate  by  decantation'  six 
times,  using  200  cc.  of  boiling  water  and  allowing  the  precipitate  to  settle  thor- 
oughly at  each  washing.  Transfer  the  precipitate  to  the  filter,  "  cop  "  out  the 
beaker  and  wash  down  with  hot  water  in  the  usual  way.  After  the  precipitate 
has  been  allowed  to  drain,  transfer  to  a  porcelain  or  a  silica  crucible  and  dry 
carefully  on  an  asbestos  board  over  a  Bunsen  flame.*  When  dry,  ignite -at  a  low 
temperature  until  the  filter  paper  has  been  consumed.  Increase  the  heat  and 
finally  blast  to  constant  weight. 

Weight  SnOjX  lOOX  .7877  ^  -, 

.,-  .  ,  ■     , j =  per  cent  Sn. 

Weight  of  sample 

Determination  of  Tin  as  Sulphide 

The  determination  of  tin  as  a  sulphide  involves  many  difficulties  and  should 
be  avoided  if  possible.  Better  results  can  be  obtained  by  the  volumetric  methods 
and  in  most  cases  without  the  necessity  of  preliminary  separations  of  interfering 
metals.  If  tin  must  be  separated  as  a  sulphide,  better  results  would  be  obtained 
if  the  precipitate  were  dissolved  and  the  tin  content  determined  by  the  iodine 
method. 

Having  the  hydrochloric  acid  solution  of  tin  after  the  interfering  metals  have 
been  separated,  to  precipitate  tin  sulphide,  neutralize  with  ammonia  and  then 
acidify  with  acetic  acid.  Pass  hydrogen  sulphide  until  the  solution  is  saturated. 
Allow  the  precipitate  to  settle  ovenught.  Pour  the  supernatant  liquor  off 
through  a  Gooch  crucible  and  wash  the  precipitate  six  times  by  decantation,  using 
a  solution  of  ammonium  nitrate  *  for  wash  water.  Finally  transfer  to  the  crucible 
and  wash  free  from  chlorides.  Dry  the  crucible  in  an  oven  at  100®  C.  Heat  slowly 
in  a  Bunsen  flame  until  •  all  the  sulphur  has  been  expelled.  Care  should  be  taken 
at  this  point  to  avoid  forming  fumes  of  stannic  sulphide  by  heating  too  rapidly. 

^  Some  practice  is  required  to  judge  accurately  the  exact  point  when  the  necessary 
amount  of  ammonia  has  been  added.    The  precipitate  should  appear  white. 

*  If  the  boiling  continues  more  than  a  few  seconds  the  precipitate  will  not  settle 
properly.  Time  will  be  saved  in  this  case  if  the  sample  is  discarded  and  a  new  deter- 
mination commenced. 

'  If  meta-stannic  acid  is  washed  over  onto  the  filter  at  this  point,  clogging  will 
result  and  a  great  deal  of  time  will  be  lost. 

*  Spattering  is  likely  to  occur  here,  causing  loss. 

^Sulphide  of  tin  separates  as  a  slimy  mass  which  tenaciously  retains  alkaline  salts, 
specially  in  the  absence  of  ammonium  salts.  Mellor,  *  *  Treatise  on  Chemical  Analysis," 
p.  308,  1913. 

*  Bichloride  of  tin,  Acker  process,  page  425. 
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Remove  the  lid  of  the  crucible,  which  should  be  kept  in  place  during  the  first  part 
of  the  heating,  and  raise  the  temperature  gradually,  finally  finishing  with  the 
blast.  As  sulphuric  acid  Ls  usually  present  in  some  quantity,  the  crucible  should 
be  cooled  and  a  small  piece  of  ammonium  carbonate  should  be  placed  in  it.  Repeat 
the  ignition  to  drive  out  the  acid.    Cool  and  weigh  as  SnOi.* 


BICHLORIDE  OF  TIN 

IHchloridc  of  tin  is  of  great  importance  in  some  of  the  industries,  especially 
the  textile.  It  is  necessary  to  have  exact  analytical  control  of  the  processes  in 
which  this  c()mi)ound  is  used  in  order  to  insure  uniform  results  and  to  certify  the 
efficiency  and  economy  of  the  process.  Several  methods  have  been  developed  for 
this  purpose.  The  ones  given  below  have  had  practical  application  and  have 
proven  to  be  satisfactory. 

Stannic  Acid  Method. — Hot-water  Precipitation.  In  the  textile  industn' 
where  bichloride  of  tin  Ls  used,  the  efficiency 'of  the  process  depends  directly  on 
the  neutrality  of  the  tin  licjuor.  If  there  is  more  than  enough  chlorine  present 
in  the  bichloride  solution  to  exactly  oxidize  all  the  tin  to  the  stannic  form,  this 
excess  is  called  "  free  HCl."  If  there  is  not  enough  chlorine  present  to  do  tliLs, 
the  deficiency  is  spoken  of  as  "  basic  HCl."  The  difficulty  of  determining  the 
"  free  "  or  "  basic  "  HCl  is  apparent  when  it  is  known  that  SnCU  readily  decom- 
poses in  water,  liberating  free  acid.  The  following  method  has  been  developed 
especially  for  this  pur|X)se  and  has  given  good  results. 

The  important  point  in  this  analysis  is  to  determine  Whether  the  liquor  has 
"  free  "  IKU  present  or  whether  it  is  "  basic  ''  in  nature.  It  has  been  found  that 
hot  water  precipitates  tin  from  the  SnCU  solution  as  stannic  hydroxide  and  at  the 
same  time  liberates  the  chlorine  as  free  HCl. 

Sn(;i4+4Il2()  =Sn(OH)4-h4HCl.« 

The  Sn(0H)4  separates  in  a  colloidal  precipitate  which  may  be  filtered  off  and 
tho  tin  estiniatcnl  as  SnOo.  The  liberated  acid  may  be  determined  in  the  filtrate, 
and  from  this  data  the  "  free  "  or  "  basic  '*  HCl  can  be  calculated. 

Procedure.  For  accurate  work  about  20  grams  of  the  liquor  should  be  weighed 
out  in  a  tared  weighing  bottle,  but  for  works  control,  where  time  is  an  important 
factor,  it  is  sufficiently  accurate  to  get  the  specific  gravity  of  the  liquor  by  means 
of  a  hydronictor  and  take  a  measured  cjuantity  for  a  sample,  calculating  the  weight 
from  these  data. 

Transfer  tlie  sample  to  a  lOO-cc.  volumetric  flask.  Make  up  to  volume  with 
cold  distilled  water.  Draw  out  of  this  solution  10  cc.  (approximately  2  grams) 
and  place  in  a  ]")()-(•('.  tall  beaker.  Fill  the  Ix^aker  nearly  full  with  boiling  hot 
water,  stirring  continuously  while  tho  water  is  being  poured  in.'  Place  the  beaker 
on  to])  of  the  st(?ani  y)ath  and  allow  the*  precipitate  to  settle.     Decant  the  liquor 

'  This  nicthod  is  generally  used  only  when  minute  traces  of  tin  are  present,  and 
then  it  is  eonsideri^l  best  to  dissolve  the  8ulj)hidc  in  hydrochloric  acid  and  make  the 
final  determination  l)v  tho  iochnc  method.  (See  analysis  of  Canned  Foods  for  "  Salts 
of  1'in,"  page  430.) 

2  Holleman  and  Co(>i)er,  "  Text  Book  of  Inorganic  Chemistry,"  4th  Ed.,  1912. 

^  If  the  solution  is  not  stirred  at  this  point,  the  precipitate  will  not  settle  and 
trouble  will  l)e  experieiK-cd  during  the  filtering  process. 
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irough  an  1 1  cm.  590  S.  &  S.  filter  *  and  wash  the  precipitate  six  times  by  decanta- 
;on,  using  hot  water.  Now  transfer  the  precipitate  to  the  filter  and  continue 
be  washing  until  1  drop  of  the  filtrate  gives  no  test  for  chlorine.  After  most  of 
he  water  has  drained  out  of  the  filter,  place  the  paper  and  precipitate  in  a  tared 
ilica  crucible.  If  there  is  plenty  of  time,  dry  the  contents  of  the  crucible  on  an 
sbestos  board  over  a  low  Bunsen  flame.  In  case  the  analysis  must  be  made  in 
,  hurry,  cover  the  crucible  *  and  heat  it  very  carefully  over  a  low  flame  until  all 
he  water  has  been  driven  out  and  the  paper  has  been  charred.  Then  remove 
he  cover  and  increase  the  heat  to  the  full  Bunsen  flame  and  finally  blast  to  con- 
tant  weight.  Weigh  as  SnOi.  Titrate  the  filtrate  with  N/1  NaOH,  using  methyl 
grange  as  the  indicator. 
Calculation: 

SnO,X.7877=Sn 

.SnX2.1945=SnCl4 
SnCU  -  Sn  =  CI  equiv.  to  Sn 
CI  X  1.0282  =HC1  equiv.  to  Sn 
HCl 


Weight  of  sample 

cc.  N/1  NaOHX. 03646 
Weight  of  sample 


=  per  cent  HCl  equiv.  to'  Sn 


=  per  cent  HCl  (actual). 


The  difference  between  these  last  two  figures  equals  "  free  "  or  "  basic  "  HCl. 
The  Acker  Process  Method.*  The  theory  of  this  method  is  practically  the 
^ame  as  that  of  the  hot-water  method,  except  that  in  this  case  the  liberated  acid 
^  neutralized  with  ammonia  before  the  stannic  hydroxide  has  been  filtered  off, 
the  advantage  being  that  any  solution  of  the  stannic  hydroxide,  by  either  acid 
^f  alkali,  is  prevented.  The  method  is  not  applicable  for  the  determination 
of  *' free  "  or  "  basic  "  HCl. 

Procedure.  Weigh  out  25  cc.  of  the  bichloride  of  tin  solution.  Transfer 
^  a  500-cc.  flask  (volumetric)  and  make  up  to  volume  with  cold  water.  With  a 
standardized  pipette,  transfer  25  cc.  of  this  solution  to  a  No.  4  beaker.  Dilute 
^h  hot  water  to  precipitate  most  of  the  tin  as  stannic  hydrate.  Add  10  drops 
of  i^nolaeetolin *  ( 1  gram  of  phenolacetolin  dissolved  in  200  cc.  of  water) .  Titrate 
Very  carefully  with  dilute  ammonia  until  the  appearance  of  a  rose-red  color.  Boil 
*  few  minutes  on  the  hot  plate.  Allow  the  tin  precipitate  to  settle.  Decant 
through  an  11 -cm.  filter  paper  (S.  &  S.  589,  black  ribbon  brand).  Wash  rapidly 
^th  hot  water  without  allowing  the  precipitate  to  cake  down  in  the  filter  until 
the  washings  are  free  from  chlorine.  Dry  the  precipitate  in  an  oven  at  100®  C. 
When  dry,  invert  the  filter  into  a  tared  porcelain  crucible  and  heat  on  a  gauze 
until  the  paper  has  disappeared.    Remove  the  gauze  and  heat  with  the  full 

*  Time  may  be  saved  by  using  a  platinum  cone  with  the  filter  and  applying  a  gentle 
vacuum.     This  can  be  done  with  very  little  danger  of  breaking  the  paper. 

*  This  precaution  must  be  taken,  else  there  will  be  a  loss  by  decrepitation. 
'Kindness  of  W.  F.  Dorflinger,  chief   chemist  of    Perry-Austin    Manufacturing 

Company. 

^Luteol  may  be  used  as  indicator,  giving  a  yellow  color  at  the  end-point.     It  is 
ilightly  more  delicate  but  much  more  exiiensive. 
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Bunsen  flame  for  a  few  minutes.    Fmally  blast  to  constant  weight.^    Wei^  as 
SnO,. 

Take  the  filtrate  and  washings  and  dilute  them  to  a  volume  of  1000  cc.  Warm 
500  cc.  of  this  solution  and  saturate  it  with  hydrogen  sulphide.  If  any  tin  sepa- 
rates, filter  and  ignite  in  a  tared  porcelain  crucible.  Moisten  with  a  little  nitric 
acid  and  heat  very  slowly  to  drive  out  the  acid.  Ignite  to  constant  weight. 
Weigh  as  SnOt.  Add  this  result  to  the  SnOi  obtained  above  when  calculating  the 
final  result. 

Determination  of  Tin  in  Bichloride  of  Tin  as  Sulphide 

This  method  is  given  as  an  alternative  for  the  Acker  Process  Method  and  may 
be  used  as  a  check  on  that  process.  Uniform  and  concordant  results  have  been 
obtained  by  the  use  of  the  two  methods.* 

Procedure.  Weigh  out  25  cc.  of  bichloride  and  dilute  to  500-cc.  volume 
with  cold  distilled  water.  Take  25-cc.  portions  of  this  solution  for  analysis. 
Dilute  the  sample  to  250  cc.  Saturate  with  hydrogen  sulphide.  Warm  the 
mixture  on  a  hot  plate  at  a  temperature  of  about  65®  C.  until  the  precipitate  is 
coagulated.  Test  the  clear  supernatant  liquor  for  unprecipitated  tin  by  adding 
a  little  hydrogen  sulphide  water.  Filter  on  an  ashless  filter  and  wash  free  from 
chlorides.  Make  the  filtrate  and  washings  up  to  1000  cc.  volume  for  further 
determinations.  Dry  the  tin  sulphide  precipitate  on  the  filter  in  an  oven  at 
100°  C.  Remove  the  precipitate  from  the  paper  as  completely  as  possible.  Ignite 
the  paper  in  a  weighed  porcelain  crucible.  Cool  and  add  a  few  drops  of  nitric 
acid.  Repeat  the  ignition,  heating  very  carefully  at  first  until  the  acid  has  neariv 
all  been  driven  out.  Now  place  the  main  tin  precipitate  in  the  crucible.  Cover, 
heat  gently  for  a  few  minutes,  moisten  with  fuming  nitric  acid,  ignite  very  care- 
fully for  one-half  hour  and  then  blast  for  fifteen  minutes.    Weigh  as  SnOi.* 


VOLUMETRIC  DETERMINATION  OF  TIN 

Volumetric  methods  for  the  determination  of  tin  are  based  upon  the  reducing 
power  of  stannous  compounds.  They  vary  according  to  the  oxidizing  agpnt 
used  and  the  details  of  manipulation. 

Lenssen's  Iodine  Method  as  Modified  by  Baker.*  This  method  is  a  modi- 
fication of  Lenssen's  Iodine  Method  for  the  determination  of  tin  in  alkaline  solu- 
tions. It  is  es|>ocially  applicable  to  the  determination  of  "  salts  of  tin  "  in  canned 
foods  and  to  the  estimation  of  tin  coating  on  tin  plate,  but  is  accurate,  rapid 
and  very  satisfactory  for  alloys  and  general  analysis. 

The  method  is  based  on  the  action  of  iodine  in  the  presence  of  stannous  chloride 
in  hydrochloric  acid  solution.     The  reaction  involved  is: 

SnCl2+l2+2HCl  =SnCl4+2HI. 

*  If  there  has  been  any  reduction,  a  few  droi)8  of  nitric  acid  may  be  added  and  the 
ignition  repeated,  heating  slowly  at  first  to  prevent  loss  by  decrepitation. 

2  W.  V.  Dorflinger,  Perry-Austin  Manufacturing  Company. 

*  Pure  ammonium  carbonate  may  be  added  at  the  end  to  drive  off  the  sulphuric 
acid  more  rapidly. 

*  The  details  of  this  method  as  given  were  developed  by  Mr.  H.  A.  Baker  at  this 
laboratory  and  have  been  modified  in  accordance  witn  the  findings  of  several  yean  of 
experience. 
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Iron,  lead  and  antimony  do  not  interfere  with  the  reaction.  Copper  in  small 
quantities  does  not  interfere  with  the  determination,  but  if  it  is  present  in  large 
quantities  as  a  salt,  it  is  likely  to  produce  low  results.  Determinations  made  by 
^e  writer  *  show  that  results  are  accurate  when  less  than  10%  of  copper,  as  copper 
chloride,  is  present.  Larger  amounts  gave  consistently  low  results.  The  reason 
for  this  fact  centers  around  the  difficulty  of  reducing  all  the  copper  to  the  cuprous 
fonn.  If  any  CuCU  is  left  in  the  solution,  it  reacts  with  the  potassium  iodide 
of  the  iodine  solution,  causing  the  precipitation  of  Cul  and  the  liberation  of  free 
iodine. 

CuCl,+2KI  =CuI+2KCl+I. 

Copper  present  as  the  metal  is  not  easily  soluble  or  goes  into  solution  in  the 
leduc^  form  and  is  not  likely  to  disturb  the  determination.* 

Solutions — Standard  Tin  Solution.  Dissolve  5.79  grams  of  Kahlbaum's 
C.  P.  tin  in  C.  P.  hydrochloric  acid.  The  solution  of  the  tin  is  effected  by  placing 
about  150  cc.  HCl  in  an  Erlenmeyer  flask,  together  with  the  tin,  and  boiling. 
After  the  tin  has  all  been  dissolved,  transfer  to  a  volumetric  liter  flask  and  make 
up  to  the  mark  with  dilute  hydrochloric  acid. 

1  cc.  =.00579  gram  Sn. 

Standard  Iodine  Solution.     Dissolve  12.7  grams  of  C.  P.  iodine  in  a  water 

solution  of  20  grams  of  potassium  iodide.     Make  up  to  one  liter  and  standardize 

against  the  standard  tin  solution.     For  tin  plate  analysis,  it  is  convenient  to 

adjust  the  iodine  solution  so  that  1  cc.  equals  exactly  .00579  gram  of  tin.    Then, 

if  a  sample  of  the  plate  having  a  total  surface  of  8  sq.ins.  is  taken,  1  cc.  of  the 

iodine  solution  is  the  equivalent  of  one-tenth  of  a  pound  per  base  box. 

Indicator.    Dissolve  5  grams  of  pure  soluble  starch  in  1  liter  of  water. 

Air-free  Water.    Dissolve  12  grams  of  bicarbonate  of  soda  in  1  liter  of  water. 

Add  20  cc.  HCl  and  allow  the  resulting  gas  to  escape.    Keep  in  a  stoppered  bottle.* 

Procedure.    For  practical  purposes,  take  a  sample,  such  that  the  tin  content 

^11  be  between  .2  gram  and  .5  gram.    A  larger  sample  should  be  taken  for 

extreme  accuracy  in  order  to  decrease  the  possible  technical  error.     Place  the 

sample  in  flask  A  of  the  Sellars  apparatus,  Fig.  68,  together  with  100  cc.  of 

^onc.  C.  P.  HCl.    Stopper  the  flask  and  connect  tubes  B  and  D,  as  shown  in 

^e  illustration.    Boil  until  the  metal  is  all  dissolved.    This  point  is  indicated 

l>y  the  cessation  of  the  hydrogen  evolution  and  the  appearance  of  large  well- 

^veloped  bubbles.     If  a  sufficient  amount  of  metallic  iron  is  present  in  the 

'^ple,  complete  reduction  is  assured.     If  no  iron  was  present  in  the  sample, 

^f  if  there  was  not  enough  to  reduce  all  of  the  tin,  make  sure  that  the  tin  is  all 

Converted  to  the  stannous  form  by  adding  aluminum  foil  (about  1  gram).    Replace 

^he  stopper  and  connect  as  originally.    Boil  until  normal  bubbles  reappear. 

^pen  cock  B  to  allow  COt*  gas  to  enter.     Place  the  flask  in  cooling  bath  F  with- 

%t  disconnecting  the  apparatus.    After  the  solution  has  become  thoroughly 

»  Mr.  B.  S.  Clark. 

*  Sulphates  must  not  be  present.  They  tend  to  have  an  oxidizing  effect  and  spoil 
Ute  results. 

*  There  should  always  be  an  excess  of  bicarbonate  of  soda  present  in  order  that 
<^rbon  dioxide  will  be  generated  during  the  washing  process,  thus  preventing  air 
ftom  entering  the  flask  at  any  time  during  the  analysis. 

^  Carbon  dioxide  venerated  in  a  Kipp  apparatus  is  likely  to  contain  oxygen.  It 
is  much  better  to  use  liquid  COs  such  as  can  be  purchased  in  the  open  market. 
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cool,  disconnect  tubes  fi*  and  Z)'  from  the  splash  bulbe.  ^'ash  the  bulbs  witii 
"  air  free"  water,  allowing  the  washings  to  drain  into  the  bulk  of  the  sample. 
Remove  the  stopper  and  wash  down  the  aides  of  the  flask.  About  50  cc.  cf  water 
should  be  used  in  the  washing  so  that  the  final  sample  contains  about  25%  HCL 
Add  5  cc.  starch  solution  and  titrate  with  the  standard  iodine  solution. 


c.  iodineX.Q0-579X100 
We^ht  of  Sample 


-^  per  cent  Sn, 


The  Sellars  Apparatus.  This  apparatus  is  a  device  designed  by  Mr.  W.  S. 
Spjlars  of  this  laNinitiirj-  for  the  purpose  of  facilitating  the  solution  of  tin  samples 
out  of  contact  with  air.    Added  to  this  advantage,  it  is  equipped  with  a  water 


Fi<i,  67.— Sellars'  Apparatus. 

cooler.     It  is  also  constructed  so  that  the  tubes  and  scrubbing  bottles  can  l>c 

cleaned  by  flushing  with  water.     The  use  of  this  apparatus  practically  eliminates 

the  usual  sources  of  error  in  connection  with  the  iodine  method,  and  at  the  same 

time   greatly   increases  the   speed   of   the   determination.     Fig.  67  shows  the 

apparatus  in  operation. 

A.'   300-cc.Erlenmcj'er  flask. 

B.'    Connection  with  reduced  pressure  line  from  Uauld  carbon  dioxide  cylinder. 

r.*   Glass  manifold. 

D.'  Exit  coimection  to  trap. 

fi.'   Water  trap  to  prevent  escape  of  lIC'l  fumes  and  to  prevent  air  from  backing 

into  the  fla.sk. 
F.'    Cooling  tank. 

C    Low-pressure  water  wash-out  manifold, 
H.'  Perforated  feed  pipe  to  water  cooler. 
A'.»  Outlet  for  cooler. 

L.'   Electric  hot  plate.  ' 

M .'  Lead  drain  pipe. 


inic  Chloride  Method.'    This  luethiKl  depends  upun  the  reduction  of  ferric 
idc  by  staunous  chloride  in  hot  solution. 

SnOI,+-2FfCU  =SiiCU+2FeCI,. 


Flo.  68. — Seilara'  Apparatus. 


'C  Mene,  Dindera  Journal,  117,  ZHi,  lK.i<).  K.  Pallet  and  A.  Allurt,  Iliil.  .Soc 
m.  (2)  27,  43,  438,  1877.  H.  J.  It.  lluwlins,  Cl)«ii.  News,  107,  M,  lUlX  H. 
anann,  Zeit.  Anal.  Chcm.,  1«,  5l\  IS77. 
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Antimony,  copper,  arsenic,  bismuth,  mercuric  chloride,  tungsten  and  titanium 
must  be  absent.' 

The  Standard  Solution  of  Ferric  Chloride  is  made  by  dissolving  pure  iron 
wire  in  hydrochloric  acid.  To  standardize  this  solution,  dissolve  1  gram  of  pure 
tin  in  200  cc.  of  C.  P.  HCl,  preventing  air  from  coming  in  contact  with  the  solu- 
tion by  means  of  a  trap,  or  by  passing  carbon  dioxide  over  it.*  Titrate  this 
standard  sample  with  the  ferric  chloride  solution.  The  end-point  is  indicated 
by  the  yellow  color,  due  to  a  slight  excess  of  the  iron  solution. 

Procedure.  Tin  is  first  separated  from  the  interfering  metals  in  the  usual 
way.  If  lead,  copper,  arsenic,  antimony  or  bismuth  are  present,  the  sample  is  first 
reduced,  in  the  hydrochloric  solution,  with  iron  wire.  The  solution  is  then 
filtered.  Lead  and  tin  remain  in  the  filtrate.  Neutralize  by  adding  strips  of 
zinc  until  the  action  ceases.  Tin  and  lead  are  precipitated.  The  clear  liquid 
should  show  no  trace  of  tin  with  hydrogen  sulphide.  Allow  the  precipitate  to 
settle  and  wash  by  decantation,  keeping  the  precipitated  metals  in  the  flask. 
Add  150  cc.  of  concentrated  hydrochloric  acid,  keeping  the  contents  of  the  flask 
protected  from  the  air,  and  bring  to  a  boil.  When  everything  is  dissolved,  titrate 
to  a  yellow  color  with  the  ferric  chloride  solution.'  This  part,  of  the  analysis 
should  be  done  very  cjuickly  to  prevent  oxidation  by  the  oxygen  of  the  air. 


ELECTROLYTIC  DETERMINATION  OF  TIN 

Henz  and  Classen's  Method.  Results  with  this  method  at  this  laboratoo' 
have  not  been  satisfactory. 

Procedure.  The  tin  is  obtained  as  sulphide,  dissolved  in  sodium  sulphide 
solution  and  acidified  with  dilute  acetic  acid.  It  is  then  heated  to  boiling,  and 
a  boiling  solution  of  equal  parts  of  ammonium  oxalate  and  oxalic  acid  added. 
The  amount  of  this  solution  added  should  be  such  that  the  final  mixture  will 
contain  thirty-five  parts  of  oxalate  and  oxalic  acid  to  one  part  tin.  Use  a  current 
of  .2  to  .3  amp.  having  a  voltage  of  two  to  three  volts.  Aft^r  six  hours  add  more 
oxalic  acid  and  continue  the  electrolysis  for  another  twenty-four  hours. 


ESTIMATION  OF  TIN  IN  CANNED  FOOD  PRODUCTS  * 

The  tin  in  the  canned  food  products  is  obtained  as  a  sulphide  precipitate  from 
wet  combustion,  with  nitric  and  sulphuric  acids,  of  100  grams  food  product. 

The  clear  sulphuric  acid  residue  is  diluted,  neutralized  with  ammonia  and 
then  rendered  about  2%  acid  with  hydrochloric  acid,  after  which  it  is  thoroughly 
saturated  with  hydrogen  sulphide  gas.  This  precipitate  is  then  filtered  on  a 
Gooch  crucible  with  a  fal^e  bottom.  The  precipitate  may  contain  foreign  sub- 
stances, such  as  lime,  phosphorus,  and  silica,  some  lead,  or  even  small  amounts  of 

*  Lunge,  "  Technical  Methods  of  Chemical  Analysis,"  2,  Pajrt  I,  p.  267. 
*The  Sellars  apparatus  can  be  used  with  advantage  for  this  purpose. 

'  The  end-point  can  be  easily  identified  by  looking  at  a  blue  Bunsen  flame  through 
the  solution.  When  a  small  quantity  of  ferric  chloride  is  present,  the  flame  appears 
green.     Mellor,  "  A  TreatLse  on  Chemical  Analysis,"  p.  310,  1913. 

*  11.  A.  Baker,  Eighth  International  Congress  of  Applied  Chemistr>\ 
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iron,  but  none  of  these  will  cause  any  trouble  subsequently  in  the  titration,  so  that 
the  labor  of  separating  the  tin  completely  from  the  precipitate  is  obviated. 

After  washing  the  precipitate  three  or  four  times  in  a  Gooch  crucible,  it  is 
transferred  to  a  small  porcelain  dish  by  simply  forcing  out  the  false  bottom  of  the 
Gooch  crucible  and  its  asbestos  pad  and  rinsing  off  the  crucible. 

The  precipitate,  mixed  with  asbestos,  is  now  transferred  £o  a  300-cc.  Erlen- 
meyer  flask  and  boiled  with  strong  hydrochloric  acid,  potassium  chlorate  being 
added  from  time  to  time  to  insure  the  complete  breaking  up  and  solution  of  the 
tin  sulphide,  as  well  as  the  elimination  of  the  sulphur.  This  is  accomplished  in 
a  very  few  minutes.  A  few  strips  of  pure  aluminum  foil,  free  from  tin,  are  then 
added  to  the  flask  until  all  of  the  chlorine  is  eliminated.  The  flask  is  then  attached 
to  the  Sellars  apparatus  and  the  determination  completed,  according  to  the 
details  given  under  the  Iodine  Method. 

Gravimetric  Method.^  The  sample  is  first  digested  to  a  colorless  or  pale 
yellow  solution  as  described  under  Baker's  method. 

Add  200  cc.  water  to  the  digested  solution  and  pour  into  a  600-cc.  beaker. 
Rinse  out  the  Kjeldahl  flask  with  three  px)rtions  of  boiling  water  so  that  the  total 
volume  of  the  solution  is  about  400  cc.  Allow  to  cool  and  add  100  cc.  concentrated 
ammonia.  This  amount  of  ammonia  should  render  the  solution  nearly  neutral, 
unless  more  than  50  cc.  sulphuric  acid  have  been  used  for  digestion.  The  solution 
should  be  tested  to  see  that  it  is  still  somewhat  acid.  In  case  of  a  large  excess  acid, 
add  ammonia  until  just  alkaline  and  then  make  about  2%  acid  with  hydrochloric 
or  sulphuric  acid.  Pass  in  a  s'ow  stream  of  hydrogen  sulphide  for  an  hour,  having 
the  covered  beakers  on  an  electric  hot  plate  at  about  95°  temperature.  Allow  to 
digest  on  the  hot  plate  for  an  hour  or  two. 

Filter  the  tin  sulphide  on  an  11-cm.  filter.  Wash  with  three  portions  of 
wash  solution  alternated  with  three  portions  of  hot  water.  The  wash  solution 
is  made  up  of  100  cc.  saturated  ammonium  acetate,  50  cc.  g!acial  acetic  acid,  and 
850  cc.  water.  The  filter  papers  used  in  this  method  are  C.  S.  &  S.  No.  590,  white 
ribbon. 

Place  the  filter  and  precipitate  in  a  50-cc.  beaker  and  digest  with  three  succes- 
sive portions  of  ammonium  polysulphide,  bringing  to  a  boil  each  time  and  filtering 
through  a  9-cm.  filter.  Wash  with  hot  water.  Acidify  with  acetic  acid,  digest 
on  the  hot  plate  for  an  hour  and  filter  through  a  double  U-cm.  filter.  Wash  with 
two  portions  of  wash  solution  alternated  with  hot  water  and  dry  thoroughly  in  a 
weighed  porcelain  crucible.  Thorough  drying  is  essential  to  the  success  of  the 
determination.  Ignite  very  gently  at  first  and  later  at  full  heat  of  Bunsen  flame. 
Finally  heat  strongly  with  large  burner,  or  M^ker  burner,  having  the  crucible 
partly  covered.  Stannic  sulphide  must  be  gently  roasted  to  the  oxide,  but  the 
oxide  may  be  heated  strongly  without  loss,  due  to  volatilization. 

Weigh  the  stannic  acid  and  convert  to  metallic  tin  by  the  factor  .7877. 

*  £.  L.  P.  Treuthardt,  Association  of  Official  Agricultural  Chemists,  August  15, 1915. 
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Wilfred  W.  Scott  and  L.  E.  Barton  * 

Ti^^at.wt.  48.1;  sp.gr.  4^  <;  m.p.  ITOS'^C.  (=kl5'')>;  oxides  TiO,  TbOs* 

T!0„  TlOa. 

DETECTION 

The  powdered  ore  is  fused  with  potassium  bisulphate,  KHSO4,  until  effer- 
vescence ceases.  The  cooled  mass  is  dissolved  in  dilute  sulphuric  acid  by 
boiling.  Hydrogen  peroxide,  HtOt,  added  to  this  titanium  solution,  produces 
a  yellow  to  orange  color,  according  to  the  amount  of  titanium  present.  Hydio- 
fluoric  acid,  or  fluorides,  destroys  the  color.  Vanadium  also  produces  this  color 
with  hydrogen  peroxide,  but  the  color  is  not  destroyed  by  HF.  The  jrellow 
color,  according  to  Weller  *  is  due  to  TiOa  formed. 

Morphine  produces  a  crimson  color  with  solutions  of  titanium  in  sulphuric 
acid. 

Zinc  added  to  hydrochloric  acid  solutions  of  titanium  produces  a  blue  color,* 
tin  a  fine  violet  solution.^ 

If  sulphur  dioxide,  SO2,  is  passed  into  the  solution  of  titanium  to  reduce  the 
iron,  and  the  slightly  acid  solution  then  boiled,  yellowish  white  metatitanic 
acid,  TiO(OH)j,  is  precipitated. 

Bead  Test  on  Charcoal.    A  small  portion  of  the  powdered  mineral 
on  charcoal  with  microscosniic   salt'  and  tin  produces  a  violet-colored  bead  if 
titanium  is  present. 

ESTIMATION 

The  element  is  widely  distributed  in  minerals,  soils,  clays  and  titanifcrous 
iron,  FeTiOs.  It  is  found  in  granite,  gneiss,  mica,  slate,  syenitic  rocks,  gran^ 
lar  limestone,  dolomite,  (juartz,  feldspars  and  a  large  number  of  other  minerals. 
The  principal  commercial  minerals  are: 

Ilmeiiite,  FeTiOa,  coiitainhig  about  52.7%  TiOj. 

Rutile,  TiOj,  containing  90  to  10()%  TiOj. 

Titanite,  CaTiSiOs,  containing  34  to  42%  TiO,. 

Perovskite,  CaTiO,.  containing  al>out  60%  TiO,  and  5  to  6%  YtA. 

Titaniferous  ores  of  variable  titanic  oxide  content. 

By  far  the  most  important  application  of  titanium  at  the  present  time  is  the 
use  of  ferrotitanium  in  the  iron  and  st(?el  industry.    The  function  of  the  titanium 

^  Chief  Chemist  Titanium  Alloy  Manufacturing  Co. 

2  Hunter,  Kighth  Int.  Congress  AppUcd  Chem.,  2,  125. 

*  Burgess  and  Waltenburg,  U.  S.  Bureau  of  Standards. 

*J.  S.  C.  I.,  1882,506-508. 

•^Dcville^C^  N..  4.  241. 

« (^ahcn  and  Wootton,  *'  The  Mincmlogy  of  the  Rarer  Metab." 
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is  to  deoxidize  the  steel  and  consequently  to  yield  a  product  free  from  blow- 
holes and  segregation  of  impurities.  In  a  steel  thus  purified  the  natural  strength 
and  resistant  properties  of  the  material  are  developed  in  the  highest  degree. 

Next  in  importance  is  the  application  of  titanium  compounds  to  the  textile 
industry.  For  use  as  a  mordant  in  dyeing,  the  alkali  titanium  salts  of  organic 
acids,  especially  potassium  titanium  oxalate,  have  found  extensive  application. 
The  use  of  titanous  chloride  and  titanous  sulphate  for  bleaching  or  discharging 
colors  is  increasing.  Such  bleaching  agents  are  particularly  applicable  for  silk 
and  wool,  which  are  injured  by  the. action  of  those  bleaching  agents  in  which 
chlorine  is  the  active  element.  Titanium  compounds  have  also  attained  con- 
siderable importance  in  the  dyeing  of  leather. 

Titanium  compounds  are  also  used  for  electric  light  filaments,  arc  carbons, 
ceramics,  fine  brown  glazes,  paint  for  iron  and  steel,  etc. 

Preparation  and  Solution  of  the  Sample. 

A  knowledge  of  the  solubility  of  the  element  and  its  oxides  is  of  value  in  the 
solution  of  the  sample. 

Element.  This  is  feebly  soluble  in  cold  dilute  hydrochloric,  or  sulphuric 
acids;  more  readily  so  when  the  acids  are  heated.  It  is  soluble  in  cold,  con- 
centrated hydrochloric  acid;  readily  soluble  in  hot,  concentrated  hydrochloric, 
or  sulphuric  acids.  It  is  scarcely  acted  upon  by  nitric  acid,  but  readily  dissolves 
in  hydrofluoric  acid.    It  is  soluble  by  fusion  with  the  alkalies. 

Oxides.  TijOa  is  soluble  in  concentrated  hydrochloric  or  sulphuric  acids; 
forming,  in  the  latter  case,  a  violet-colored  solution.^  The  oxide  is  insoluble  in 
water  and  in  ammonium  hydroxide. 

TiOi  is  difficultly  soluble  in  concentrated  sulphuric  acid,  less  soluble  if 
strongly  ignited.  The  metatitanic  acid,  TiO(OH)2.  requires  strong  hydrochloric 
or  sulphuric  acid  to  effect  solution,  the  orthotitanic  acid,  Ti(0H)4,  however,  is 
readily  soluble  in  hot  or  cold,  dilute  and  concentrated  acids.  From  titanic  solutions 
orthotitanic  acid  is  precipitated  by  ammonia,  the  precipitation  being  assisted  by 
wanning.  Boiling  a  slightly  acid  solution  precipitates  the  metatitanic  acid, 
TiO(OH)i.  TiOj  is  soluble  upon  fusing  with  alkalies.  TiOi  is  soluble  in  hydro- 
fluoric acid,  forming  TiF4,  which  is  volatile,  unless  an  excess  of  sulphuric  acid  is 
present  (distinction  from  silica).  The  ignited  oxide  is  best  dissolved  by  fusion 
with  KHSO4  and  heating  the  fused  mass  with  dilute  sulphuric  acid  solution.  Titan- 
ous oxides  have  a  black  or  blue  color. 

Salts.  Many  titanic  salts  are  decomposed  in  the  presence  of  water,  pre- 
cipitating titanic  acid,  the  extent  of  the  decomposition  depending  on  the  quantity 
of  water  used.  Titanic  sulphate  is  readily  soluble  in  water  and  the  solution 
is  remarkably  stable  unless  largely  diluted  with  water.  Some  of  the  double 
salts  are  readily  soluble  and  their  solutions  stable,  i.e.,  potassium  titanium 
oxalate. 

General  Considerations 

Solution  of  Steel.  The  sample  may  be  dissolved  in  hydrochloric  acid 
(1:2).  If  a  residue  remains  it  is  treated  with  a  mixture  of  equal  parts  of 
hydrofluoric  and  sulphuric  acids  and  a  few  drops  of  nitric  acid,  in  a  platinum 

1  Ebebncn,  A.  Ch.,  (3),  20,  392,  1847. 
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dish,  and  the  mixture  evaporated  to  sulphuric  anhydride  fumes  and  to  comidete 
expulsion  of  hydrofluoric  acid.  The  colorimetric  procedure  is  now  used  for 
estimating  titanium.  For  determination  of  titanium  in  hydrochloric  acid  solution 
see  page  443. ' 

Note.  Titanium  in  steel  treated  with  ferro  carbon-titanium  exists  in  two  condi- 
tions: (1)  Titanium  soluble  in  hydrochloric  acid.  (2)  Titanium  insoluble  in  hydro- 
chloric acid.  Of  the  very  small  amount  of  titanium  in  treated  steel  the  g^eAier  part 
will  usually  be  found' in  the  second  form.  When  the  amount  of  titanium  in  the  steel 
is  exceedingly  small,  the  soluble  titanium  freauently  exceeds  the  insoluble,  and  it  is 
then  occasionally  desirable  to  determine  also  that  existing  in  the  second  form. 

Alloys.  These  are  dissolved  in  concentrated  nitric  acid,  aqua  regia  or  a 
mixture  of  the  dilute  acids.  Should  nitric  acid  be  used,  the  excess  is  expelled 
by  evaporation  to  dryness  with  hydrochloric  acid.  The  metals  of  the  hydrogen 
sulphide  group  are  removed  in  an  acid  solution  by  precipitation  with  HiS,  and 
titanium  determined  colorimetrically  in  the  filtrate. 

Ores.  One  to  5  grams  of  the  ore  are  treated  with  10  to  50  cc.  of  a  mixture 
of  sulphuric  and  hydrofluoric  acids  (1  to  5),  a  few  drops  HNOa  added,  and  the 
solution  evaporated  to  fumes  to  expel  HF.  If  a  residue  remains  upon  takini; 
up  with  water  containing  a  little  sulphuric  acid,  it  is  filtered  off  and  fused  with 
KHSO4  as  directed  under  the  fusion  method. 

Fusion  Method  for  Ores.  The  finely  powdered  sample  is  fused  with  four 
to  five  times  its  weight  of  potassium  bisulphate,  KHSO4,  and  the  cooled  fusion 
dissolved  with  dilute  sulphuric  or  hydrochloric  acid.  In  the  presence  of  silica 
potassium  fluoride  is  added  to  assist  in  the  decomposition  of  the  material. 

(See  Analysis  of  Titaniferous  Ores,  page  445.) 

Titanif  erous  Slags.  One-half  gram  of  the  finely  ground  sample  is  decomposed 
in  a  platinum  dish  by  a  mixture  of  5  cc.  water,  5  cc.  concentrated  suljiuric 
acid,  2  cc.  nitric  acid,  and  10  cc.  of  hydrofluoric  acid,  the  reagents  being  added 
in  the  order  named.  The  solution  is  evaporated  rapidly  to  SOa  fumes  to  expel 
fluorides  and  the  excess  sulphuric  acid  until  residue  is  left  nearly  dry.  After 
cooling  it  is  taken  up  with  40  cc.  of  dilute  hydrochloric  acid  (1  : 3),  which  vill 
give  a  clear  solution  containing  all  the  constituents  of  the  slag  except  silica,  which 
has  been  volatilized  as  SiF4.  The  solution  is  diluted  to  200  cc.  with  cold  water. 
Iron  and  titanium  are  precipitated  by  ammonia  in  slight  excess  and  fiherrf 
at  once  without  boiling.  The  precipitate  is  dissolved  in  cold  dilute  hydrochloric 
acid  and  reprecipitated  with  aumionia.  ^Titanium  is  now  separated  from  iron 
by  reducing  iron  with  SO2  and  precipitating  titanium  from  a  boiling  acid  solu- 
tion as  described  on  page  436. 


SEPARATIONS 

Details  of  the  isolation  of  titanium  are  given  in  the  methods  for  its  esti- 
mation. 

Separation  of  Titanium  from  the  Alkaline  Earths,  etc.  The  hydroxide  is 
precipitated  when  a  titanium  solution  containing  anunonium  chloride  is  treated 
with  aimnonium  sulphide,  whereas  barium,  strontium,  calcium  and  magneshim 
remain  in  solution.  Titanium  hydroxide  may  be  precipitated  by  making  the 
solution  containing  titanium  slightly  ammoniacal  with  HN4OH. 

Separation  from  Copper,  ZinC|  Aluminum   Iron,  etc.     Titanium  is  p^ 
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cipitatedfrom  a  slightly  acid  solution  ^  by  boiling,  passing  sulphur  dioxide  through 
the  solution  to  keep  the  iron  reduced  and  prevent  its  precipitation. 

Separation  from  the  Bivalent  Metals,  Manganese,  Nickel,  Cobalt,  Zinc. 
Titanium  is  precipitated  along  with  aluminum  and  iron  by  hydrolysis  of  its 
acetate  in  a  hot,  dilute  solution,  whereas  manganese,  nickel,  cobalt  and  zinc 
remain  in  solution.    Details  of  the  basic  acetate  method  are  given  on  page  260. 

Separation  of  Titanium  from  Aluminum.  Small  amounts  of  titanium 
from  large  amounts  of  aluminum.  (One  part  Ti  to  60  parts  Al.)  Cupferron, 
CJI&(N0)N-0NH4  added  to  a  decidedly  acid  solution  containing  titanium  and 
aluminum  precipitates  titanium,  but  not  alumimun.  The  precipitate  is  washed 
by  decantation  and  then  on  the  filter  with  very  dilute  hydrochloric  acid  to  remove 
traces  of  aluminum.  The  procedure  affords  a  separation  of  titanium  from 
chromium,  nickel,  cobalt,  manganese,  etc.  Copper  and  iron,  however,  precip- 
itate with  the  titanium,  if  present  in  the  solution.  The  yellow  titanium  salt  has 
the  composition  (C«H5(NO)NO)4Ti.« 

Separation  of  Titanium  from  Iron.  See  Gravimetric  Method  for  Deter- 
mination of  Titanium,  Modified  Gooch  Method,  below. 


QRAVIMETRIC  METHODS 
Gravimetric  Determination  of  Titanium.    Modified  Qooch  Method  ^ 

This  method  is  applicable  to  minerals  and  metallurgical  products  that  are 
comparatively  high  in  titanium.  The  method  provides  for  the  separation  of 
titanium  from  iron  and  from  aluminum  and  phosphoric  acid  with  which  it  com- 
monly occurs.  The  procedure  as  proposed  by  F.  A.  Gooch  and  modified  for 
non-aluminous  rocks  by  Wm.  M.  Thornton  has  been  found  by  the  author*  to 
give  reliable  results.  The  details  of  the  method  with  a  few  slight  changes  found 
to  be  advantageous  are  given  below.  Iron  is  separated  from  titanium  by  precip- 
itation as  a* sulphide  in  presence  of  tartaric  acid,  the  organic  acid  is  destroyed 
by  oxidation  and  titanium  precipitated  from  a  boiling  acetic  acid  solution.  In 
the  presence  of  alumina  and  phosphoric  acid  the  impure  precipitate  is  fused 
with  NajCOa  and  the  impurities  leached  out  with  boiling  water.  In  presence  of 
zirconiimiy  titanic  acid  is  incompletely  precipitated.  Hillebrand's  modification 
for  the  removal  of  zirconium  is  given  in  the  notes. 

Procedure.  Preparation  of  the  Sample.  Ores  High  in  Silica.  These  may 
be  decomp>osed  by  taking  to  SOa  fumes  with  a  mixture  of  10  to  15  cc.  of  50% 
hydrofluoric  acid,  HF,  and  3  to  4  cc.  of  concentrated  sulphuric  acid  per  gram 
of  sample. 

Oxides*  Decomposed  by  fusion  with  sodium  or  potassium  bisulphate.  The 
fusion  is  dissolved  in  10%  sulphuric  acid,  keeping  the  volume  as  small  as  possible. 
The  sample  should  contain  not  over  0.2  gram  titanium. 

Precipitation  of  Iron.  To  the  solution  containing  titanium,  tartaric  acid,  ecjual 
Co  three  times  the  weight  of  the  oxides  to  be  held  in  solution,  is  added.    This  should 

'Acidity  exactly  0.5%  is  best  according  to  Levy,  C.N.,  56,  209. 

*  Analyst.  86,  520,  1912,  method  of  J.  Bellucci  and  L.  Grassi. 

*  F.  A.  Gooch,  Ptoc.  Am.  Acad.  Arts  and  Sci.,  New  Series,  12,  435.  Wm.  M. 
Thornton,  C.  N.,  107,  2781,  123, 1913. 

*  W.  W.  Scott 
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not  exceed  1  gram  of  the  organic  acid,  as  the  subsequent  removal  of  larger  amounts 
would  be  troublesome.  H2S  is  passed  into  the  solution  to  reduce  the  iron  and 
NH4OH  added  to  slight  alkalinity  followed  by  a  further  treatment  with  HjS  to 
completely  precipitate  FeS.  The  solution  should  be  faintly  alkaline  (litmus) 
otherwise  more  ammonia  should  be  added.  After  filtration  and  washing  of  the 
ferrous  sulphide  with  very  dilute  and  colorless  ammonium  sulphide,  the  titan- 
ium is  entirely  in  the  iron-free  filtrate. 

Oxidation  of  Tartaric  Acid.  Since  titanium  cannot  be  precipitated  by  any 
reagent  in  the  presence  of  tartaric  acid,  the  organic  acid  is  oxidized  by  addition 
of  15  to  20  cc.  of  concentrated  sulphuric  acid  to  the  sample  placed  in  a  5(K)<c. 
Kjeldahl  flask.  The  solution  is  evaporated  to  incipient  charring  of  the  tartaric 
acid.  After  cooling  slightly,  about  10  cc.  of  fuming  nitric  acid  are  added  cau- 
tiously, a  few  drops  at  a  time,  and  when  the  violent  reaction  has  subsided  the 
flask  is  heated  gradually  (hood),  a  vigorous  reaction  taking  place  accompanied 
by  much  effervescence  and  foaming  with  evolution  of  copious  brown  fumes. 
The  organic  matter  gradually  disappears,  the  effervescence  becomes  steady  and 
finally  ceases  and  white  fumes  of  SOs  are  given  off.  The  solution  is  cooled  and  the 
pale  yellow  syrup  poured  into  100  cc.  of  cold  water,  the  flask  washed  out,  adding 
the  rinsing  to  the  main  solution.     If  cloudy,  the  solution  is  filtered. 

Precipitation.  Ammonia  is  added  until  the  solution  is  nearly  neutral,  a 
point  where  the  solution  is  slightly  turbid,  the  precipitate  dissolving  upon  vigor- 
ous stirring.  If  a  trace  of  iron  is  suspected  about  1  cc.  of  10%  ammonium 
bisulphate  is  added.  Five  cc.  of  glacial  acetic  acid  followed  by  15  grams  of 
ammonium  acetate  or  its  equivalent  in  solution  is  added  and  the  volume  of  the 
solution  made  up  to  about  350  cc.  The  solution  is  brought  rapidly  to  boiling 
and  maintained  in  ebullition  for  about  three  minutes.  The  titanium  will  pre- 
cipitate in  white  flocculent  and  readily  filterable  condition.  The  precipitate 
is  washed  first  with  water  containing  acetic  acid  and  finally  with  pure  water. 
The  filter  and  the  ])rocipitate  are  ignited  cautiously  over  a  low  flame  and  finally 
blasted  over  a  M6ker  blast  for  twenty  n^inutes.  The  residue  is  weighed  as 
TiO,. 

In  the  presence  of  large  amounts  of  alumina  and  phosphoric  acid,  the  residue 
above  obtained  is  fuvsed  with  sodium  carbonate  in  a  platinum  dish  and  the  fusion 
leached  by  lx)iling  with  pure  water.  Alumina  and  phosphoric  acid  go  into  solu- 
tion as  soluble  sodium  salts  and  titanium  oxide  remains  insoluble  in  the  residue. 

Ignited  iiLsoluble  residue  =Ti02. 

Note.  Titanium  may  be  sc])aratcd  from  aluminum  by  fusing  the  residue  with 
potassium  acid  sulphate,  KHS()4,  and  i)recii)itation  of  titaniimi  in  an  acid  solution 
i)y  cu])ferron.     Al2()3  is  in  solution. 

* 

Determination  of  Titanium  in  Ferro  Carbon  Titanium. 

Gravimetric  Method  ^ 

Into  a  ()-in.  ix)rcolain  evaporating  dish,  weigh  0.0  gram  (factor  wei^t)  of 
alloy. 

Dissolve  in  a  mixture  of  15  cc.  of  dilute  sulphuric  acid  (one  acid  to  one  wat«r), 
5  cc.  of  nitri(;  acid,  and  10  cc.  of  liydrochloric  acid.  Evaporate  to  fumes  of  sul- 
ohuric  anhydride. 

1  Methods  of  analysis  used  in  the  laboratories  of  the  Titanium  Alloy  Manufacturing 
Company. 
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Cool  and  take  up  by  boiling  with  50  to  60  cc.  of  water  and  5  to  10  cc.  hydro- 
chloric acid.  Filter  into  a  500-cc.  beaker  and  wash  the  residue  with  hot  water 
and  dilute  hydrochloric  acid. 

In  the  ^trate  precipitate  iron  and  titanium  by  anunonia  in  slight  excess. 
Filter  without  boiling  and  wash  precipitate  twice  on  filter  with  hot  water. 

Reject  filtrate:  Dissolve  the  precipitate  in  a  very  little  dilute  hydrochloric 
acid,  washing  the  filter  with  hot  water  and  collecting  the  solution  and  washings 
in  the  original  beaker. 

Nearly  neutralize  the  solution  with  anunonia  or  ammonium  carbonate;  dilute 
to  300  cc;  saturate  with  sulphur  dioxide  gas,  and  boil  until  titanic  acid  is  pre- 
cipitated and  the  solution  smells  faintly  of  sulphur  dioxide. 

Filter  and  wash  with  hot  water  and  dilute  sulphurous  acid. 

Dt}',  ignite,  and  weigh  as  titanic  oxide. 

Since  the  factor  weight  of  sample  has  been  used,  one  milligram  of  titanic  oxide 
is  equal  to  0.1%  metallic  titanium. 


VOLUMETRIC  METHODS 

The  Determination  of  Titanium  by  Reduction,  Addition  of  Ferric 
Salt  and  Titration  of  Reduced  Iron  with  Potassium  Per- 
manganate ^ 

Principle.  Titanic  acid  is  reduced  by  means  of  zinc,  an  excess  of  ferric  sul- 
phate is  added  and  the  ferrous  salt,  formed  by  reduction  by  titanous  salt,  is 
titrated  with  standard  permanganate.  The  method  is  more  accurate  than 
direct  titration  of  the  titanous  salt  with  permanganate. 

Reaction.    Ti,(SO«)a4-Fe,(S04)3  =2Ti(S04)j+^Fe.S04, 

or    TiCl34-FeCh=TiCl44-FeCU.» 

Preparation  of  the  Sample 

Procedure.  One  to  2  grams  of  the  ore  is  decomposed  by  hydrofluoric  and 
sulphuric  acids  or  by  fusion  with  potassium  bisulphate  or  a  combination  of  the  two 
according  to  the  methods  already  described.  Members  of  the  HjS  group,  if 
present,  may  be  removed  by  H2S.  If  iron  is  present  it  may  be  determined  by 
boiling  off  the  H^S  in  the  filtrate  containing  Fe,  Ti,  etc.,  and  allowance  made  in 
the  titration  for  titanium.  If  other  interfering  elements  are  present  in  this 
filtrate,  titanic  acid  may  be  precipitated  by  boiling  the  slightly  acid  solution 
(sulphurous  acid)  according  to  directions  given  in  the  gravimetric  method. 
The  washed  oxide  is  dissolved  in  strong  H2SO4  and  diluted  as  directed  below. 

Reduction.  The  solution  is  washed  into  a  100-cc.  flask  and  diluted  with 
water  so  that  it  will  contain  10%  of  sulphuric  acid.  This  acid  holds  titanic  acid  in 
Holuticm  and  at  the  same  time  is  insufficient  to  oxidize  the  reduced  titanium 
oxide.  Sufficient  zinc  to  cause  complete  reduction  is  added  and  a  rubber  stopper 
canying  a  Bunsen  valve  tube  and  a  thistle  tul)e  with  glass  stop-cock  is  inserted 

»  H.  D.  Newton,  A.  J.  Sc.  (4),  25,  130.  A.  F.  Gooch,  "  Methods  in  Chemical 
Analysis." 

«  T.  R.  Ball  and  G.  MeP.  Smith,  Jour.  Am.  Chem.  Soc.,  36,  1838,  1914. 
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in  the  neck  of  the  flask.  The  evolved  hydrogen  expels  the  air  and  reduces  the 
titanic  oxide  to  the  titanous  form.  Iron  if  present  is  also  reduced.  Gentle 
heat  is  applied  until  the  excess  of  zinc  dissolves.  The  solution  is  cooled  and  an 
excess  of  ferric  sulphate  added  through  the  thistle  tube,  followed  immediately 
by  cold  distilled  water  until  the  flask  is  filled  to  the  neck.  The  contents  of  the 
flask  is  poured  into  a  No.  6  beaker  containing  150  to  200  cc.  of  cold  distilled 
water  and  the  ferrous  iron,  formed  by  the  reducing  action  of  titanous  salt,  is 
titrated  with  N/10  KMn04  solution. 

One  cc.  N/10  KMnO*  =0.00481  gram  Ti,    or    0.00801  gram  TiO,. 


Volumetric  Method  by  Reduction  of  Titanium  and  Titration 

with  a  Ferric  Salt 

The  following  volumetric  method  recommended  by  the  Titanium  Alloy  Mfg. 
Co.,  is  essentially  that  described  by  P.  W.  <fe  E.  B.  Shimer,  Proceedings  of 
Eighth  International  Congress  of  Applied  Chemistry,  the  method  hereafter 
described  differing  principally  in  the  form  of  reductor  and  also  in  a  few  detaik 
of  operation. 

Reagents.    Standard  ferric  ammonium  sulphate  solution. 

Dissolve  30  grams  of  ferric  ammonium  sulphate  in  300  cc.  water  acidified 
with  10  cc.  of  sulphuric  acid;  add  potassium  permanganate  drop  by  drop  as 
long  as  the  pink  color  disappears,  to  oxidize  any  ferrous  to  ferric  iron;  finally 
dilute  the  solution  to  1  liter. 

Standardize  this  solution  in  terms  of  iron.  The  iron  value  multiplied  by 
1.4329  gives  the  value  in  titanic  oxide  (TiO»);  and  the  iron  value  multiplied  by 
0.86046  gives  the  value  of  the  solution  in  terms  of  metallic  titanium. 

Indicator.    Saturated  solution  of  potassium  thiocyanate. 

Reductor.  As  a  reductor  a  500-cc.  dispensing  burette  is  used.  The  inter- 
nal dimensions  of  the  burette  are  If  by  22  ins. 

The  reductor  is  charged  with  1200  grams  of  20-mesh  amalgamated  zinc, 
making  a  column  about  12  ins.  high  and  having  an  interstice  volume  of  about 
135  cc.  This  form  of  reductor  is  connveient,  and  when  used  as  hereafter  described 
is  adapted  to  maintaining  hot  solutions,  which  is  essential  for  complete  reduction 
of  the  titanium. 

The  reductor  is  connected  to  a  liter  flask  for  receiving  the  reduced  titanium 
solution,  through  a  three-hole  rubber  stopper  which  carries  also  an  inlet  tube 
for  carbon  dioxide  supply,  and  outlet  tube  for  connecting  with  the  suction  pump. 

Procedure.  Determination  of  Titanium  in  Ferro-Carbon  Titanium.  One- 
half  gram  of  sample  is  dissolved  in  a  6-in.  porcelain  evaporating  dish  in  a  mix- 
ture of  10  cc.  water,  10  cc.  sulphuric  acid,  5  cc.  of  hydrochloric  acid,  5  cc.  d 
nitric  acid. 

The  solution  is  evaporated  to  fumes  of  sulphuric  anhydride;  taken  up  by 
boiling  with  50  cc.  water  and  10  cc.  of  hydrochloric  acid;  filtered  and  washed  with 
hot  water  and  hvdrochloric  acid. 

The  filtrate  and  washings  should  be  about  100  cc.  in  volume. 

The  reductor  is  prepared  for  use  by  first  passing  through  it  a  little  hot 
dilute  sulphuric  acid  followed  by  hot  water,  finally  lea\dng  sufficient  hot  water 
in  the  reductor  to  fill  to  the  upper  level  of  the  zinc. 

The  hot  titanic  solution  prepared  as   described  above  is  now  introduced, 
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about  100  cc.  of  water  being  drawn  from  the  reductor  into  the  original  beaker 
to  bring  the  solution  to  about  the  upper  level  of  the  zinc.  The  water  thus 
removed  will  not  contain  any  titanium  if  the  operation  has  been  conducted  as 
described;  but  it  serves  as  a  safeguard  and  is  also  convenient  to  acidify  this  water 
with  10  cc.  of  sulphuric  and  reserve  it  on  the  hot  plate  to  be  used  as  an  acid  wash 
after  the  reduction  of  the  sample  solution. 

The  titanium  solution  is  allowed  to  remain  in  the  reductor  for  ten  minutes. 

While  the  solution  is  being  reduced  the  receiving  flask  is  connected  to  the 
reductor  and  the  air  completely  displaced  by  carbon  dioxide,  conveniently  drawn 
from  a  cylinder  of  the  liquefied  gas. 

When  the  reduction  is  complete  the  receiving  flask  is  connected  with  the 
suction  pump,  and  while  still  continuing  the  flow  of  carbon  dioxide  the  reduced 
solution  is  drawn  out,  followed  by  the  reserved  acid  wash  and  then  three  or 
four  100-cc.  washes  with  hot  water.  The  displacement  of  the  sample  solu- 
tion and  washing  of  the  zinc  is  so  regulated  by  means  of  the  stop-cock  that  the 
reductor  is  always  filled  with  solution  or  water  to  the  upper  level  of  the  zinc. 

WTien  the  washing  is  complete,  gradually  release  the  suction  to  prevent  air 
being  drawn  back  into  the  receiving  flask. 

Disconnect  the  flask,  add  5  cc.  of  potassium  thiocyanate  solution  as  indicator 
and  titrate  immediately  with  standard  ferric  ammonium  sulphate  solution, 
adding  the  solution  rapidly  until  a  brownish  color  is  produced  which  will  remain 
for  at  least  one  minute. 

The  method  is  also  well  adapted  for  determining  titanium  in  other  titanium 
products,  suitable  means  being  employed  for  bringing  the  titanium  into 'sul- 
phuric acid  solution. 

Colorimetric  Determination  of  Titanium  with  Hydrogen  Peroxide 

Preliminary  Considerations.  Hydrogen  peroxide  added  to  acid  solutions 
of  titaniimi  produces  a  yellow  to  orange  color,  the  depth  of  the  color  depending 
upon  the  amount  of  titanium  present.  Upon  this  fact  the  method  is  based. 
It  is  of  especial  value  in  determining  small  amounts  of  titanium,  as  it  is  possible 
to  detect  less  than  one  part  of  the  metal  per  hundred  thousand  parts  of  solu- 
tion. Color  comparisons  can  best  be  made  on  samples  containing  0.05  to  5 
milligrams  of  the  element;  larger  amounts  produce  too  deep  a  color  for  accurate 
comparison. 

The  following  interferences  should  be  made  note  of,  e.g.,  molybdenum,  vana- 
dium and  chromium  also  produce  a  color  that  would  lead  to  error.  Iron  if 
present  to  the  extent  t>f  4%  or  over  produces  a  color  that  must  be  allowed  for; 
e.g.,  0.1  gram  FejOi  in  100  cc.  of  solution  is  equivalent  to  about  0.2  gm.  of  TiOj 
oxidized  by  HiO*  in  100  cc.  of  solution.  Fluorides  destroy  the  color,  hence  must 
be  absent.^  Phosphoric  acid  and  alkali  sulphates  have  a  slight  fading  action,' 
hence  must  be  allowed  for  by  adding  equivalent  amounts  to  the  standard  if 
they  are  present  in  the  sample.  The  addition  of  an  excess  of  sulphuric  acid  partly 
counteracts  the  action  of  phosphates  or  alkali  sulphates.'  The  color  intensity 
is  increased  by  increase  of  temperature,  hence  the  standard  and  the  sample 

»  W.  F.  Hillebrand,  J.  A.  C.  S.,  17,  718,  1895.    C.  N.,  72,  158,  1895. 
«  P.  Faber,  Zeit.  an.  Chemie,  46,  277,  1907. 
«  H.  E.  Merwin,  A.  J.  S.  (4),  28, 119, 1909. 
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examined  should  have  the  same  temperature.*  Since  metatitanic  acid  produces 
no  color  with  hydrogen  peroxide,  its  formation  muat  be  prevented;  the  preaence 
of  5%  of  free  H,SO,  accomplishes  this.* 

The  procedure  is  very  satisfactory  for  magnetic  or  other  iron  ores.  It  is 
fully  as  accurate  as  the  best  gravimetric  method  and  very  much  more  rapid. 

Solutions  Required.  Standard  Titanium  Solution.  This  may  be  prepared 
by  precipitations  of  TiO.  from  KiTiF.  according  to  the  gravimetric  procedure 
and  purification  by  solution  and  reprecipitation,  the  fluorine  being  first 
removed  by  taking  the  compound  to  fumes  with  H,SOt  and  then  hydrolyiing 
titanium  with  NHjOH,  The  washed  precipitate  is  ignited  over  a  M4ker  flame 
for  fifteen  minutes,  cooled  in  a 
desiccator  and  placed  in  ti^lh' 
stoppered  bottle,  since  TiOj  is 
slightly  hydroscofHc. 

0.5  gram  of  TiOi  is  fused  with 
about  twenty  times  its  wei^t  ot 
KHSOt  in  a  platinum  dish,  keep- 
ing at  fusion  heat  until  the  oxide 
has  dissolved.  A  high  tempera- 
ture is  not  advisable.  The  fusion 
is  dissolved  in  5%  sulphuric  acid 
by  gently  heating.  The  solution 
washed  into  a  500-cc.  graduated 
flask  is  made  up  to  volume  with 
5%  HiSOj.  One  cc.  contains 
0.001  gram  TiOt,  or  0.0006  gram 
'■  Ti. 

Bydrotfn  Peroxide.  Thirty 
per  cent  solution.  If  this  is  not 
available  sodium  peroxide  di^ 
solved  in  dilute  sulphuric  acid 
will  do. 

Apparatus.  Colorimeter — Fig. 
69.  Also  see  Fig.  43,  page  245. 
Preparation  of  the  Sample.  The  solution  of  the  sample  having  beea 
obtained  by  one  of  the  procedures  given  under  Preparation  and  Solution  of  the 
Saniple,  the  element  may  be  determined  according  (o  the  procedure  given 
below.  If  interfering  substances  are  present,  e.g.,  comparatively  large  amounts 
of  iron,  or  if  tungsten,  vanadium  or  chromium  are  present  it  will  be  necessan' 
to  precipitate  titanic  acid  by  adding  ammonium  hydroxide  to  the  boiling  solu- 
tion as  directed  under  the  gravimetric  determination  of  the  element.  The 
washed  precipitate  is  dissolved  in  sulphuric  acid. 

Procedure.  The  sulphuric  acid  solution  of  titanium  should  contain  5%  of 
free  sulphuric  acid.  It  is  poured  from  the  beaker  in  which  solution  was  effected 
into  a  100-cc.  Nessler  tul>c,  2  cc.  of  hydrogen  peroxide,  30%  solution  are  added 
and  the  volume  made  up  to  100  cc.  with  5%  sulphuric  acid.  The  sUiiuiard  is 
prepared  by  pouring  40  or  50  cc.  of  5%  sulphuric  acid  into  a  second  100-cc. 
Ncisslcr  tube,  adding  2  cc.  of  30%  hydrogen  peroxide,  H,Oi,  followed  by  sufficient 


(9, — Colorimeter. 
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standard  titanium  solution  to  exactly  match  the  sample  and  the  solution  made 
up  to  100  cc.  with  5%  sulphuric  acid.  The  titanium  solution  is  added  from  a 
burette,  noting  the  exact  volume  required.  From  this  the  percentage  of  titanium 
in  the  sample  can  readily  be  calculated.  If  iron  is  present  in  the  sample,  an  equiv- 
alent amount  should  be  added  to  the  standard.  If  a  colorimeter  is  used,  a 
standard  should  be  prepared  which  is  deeper  in  color  than  the  sample  examined. 
The  standard  is  poured  into  the  comparison  cylinder  and  the  two  tubes  compared. 
By  raising  or  lowering  the  plunger  (see  illustration)  the  standard  solution  is 
forced  in  or  drawn  out  of  the  comparison  tube.  When  the  colors  match,  the 
cc.  in  the  comparison  tube  will  indicate  the  amount  of  TiOs  present  in  the  sample. 
The  solution  may  be  mixed  by  stirring  with  a  platinum  spiral. 

Example,  One-gram  sample  required  20  cc.  of  titanium  standard  solution, 
1  cc.  of  which  contained  0.001  gram  TiOs.    Then  the  sample  contains 

aooi><2oxioo^2%m. 

If  the  colorimeter  has  been  used  and  150  cc.  of  standard  made  by  adding 
30  cc.  of  standard  titanium  solution  and  it  is  found  that  the  column  of  liquor 
in  the  standard  comparison  tube  stands  at  85  cc,  the  calculation  would  be  as 
follows:     150  cc.  contains  30X0.001  gram  TiOj,  therefore  85  cc.  are  equivalent 

to  — -—^ — =0.017  gram  TiOi  per  gram  or  1.7%. 
150 

For  the  practical  application  of  the  colorimetric  method  in  determining 

titanium  in  st«el  the  following  procedure  is  given. 

NorK.  Separation  of  Titanium  from  Iron,  J.  H.  Walton,  Jr.*  separates  titanium 
from  iron  by  fusing  the  finely  powdered  substance  with  three  or  four  times  as  much 
sodium  peroxide,  and  extracts  the  fusion  with  water.  The  filtrate  contains  the  sodium 
pertitanate  whereas  the  iron  oxide  remains  on  the  filter  paper.  The  filtrate  is  acidified 
with  HsS04  until  5%  of  free  acid  is  obtained  and  the  color  of  this  solution  compared 
with  a  standard  obtained  by  fusing  a  known  weight  of  TiOs  with  Na^Oi  and  extracting 
and  treating  with  HsSOi  as  in  case  of  the  sample. 

Colorimetric  Determination  of  Titanium  in  Steel  Treated  witli 

Ferro-carbon  Titanium  ^ 

The  titanium  in  steel  treated  with  ferro-carbon  titanium  exists  in  two  con- 
ditions: 

(1)  Titanium  insoluble  in  hydrochloric  acid. 

(2)  Titanium  soluble  in  hydrochloric  acid. 

Of  the  very  small  amount  of  titanium  in  treated  steel  the  greater  part  will 
usually  be  found  in  the  first  form,  and  ordinarily  the  determination  of  titanium 
in  this  form  answers  every  purpose  of  identifying  and  judging  the  quality  of 
titanium-treated  steel. 

When  the  amoimt  of  titanium  in  the  steel  is  exceedingly  small,  the  soluble 
titanium  frequently  exceeds  the  insoluble  and  it  then  is  sometimes  desirable  to 
determine  also  that  existing  in  the  second  form. 

» J.  Am.  Chem.  Soc,  29,  481,  1907. 

*Bv  L.  E.  Barton.     Method  of  anal3rsis  recommended  by  the  Titanium  A 
Bianuuictiiring  Company. 
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Reagents.    Peroxide  Solution.    Dissolve  4  grams  of  sodium  peroxide  is 

125  cc.  dilute  sulphuric  acid  (1  of  acid  to  3  of  water),  and  dilute  to  500  co. 

Concentrated  Standard  Titanium  Solution.  Stock  Solution.  Onfr-fouitb 
gram  of  a  standard  20%  carbonless  ferro-titanium  '  is  dissolved  in  30  cc. 
dilut«  sulphuric  acid  (1  acid  to  3  water).  When  solution  is  complete  it  it 
oxidized  by  the  least  possible  quantity  of  concentrated  nitric  acid,  boiled  for  > 
few  minut«s,  cooled  and  diluted  to  auch  a  volume  that  1  cc.  will  contain  OSXXo 
gram  of  titanium. 

^lien  u!<ini;  a  S-gram  sample  1  cc.  is  therefore  equal  to  0.01%  titamum. 
Dilute    Standard    Titanium  Solution.     This  solution  is  made,  just  befoR 
making  the  determination,  by  diluting  one  volume  of  the  concentrated  Btaitdard 
titanium  solution  to  ten  volumes. 

One  cc.  of  this  solution  contains  0.00005  gram  of  titanium  and  is  equal  to 
0.001%  of  titanium  when  using  a  5-gram  sample. 

Apparatus.  Fipettet  and  Burettes.  The  iHpettee  fw 
measuring  the  concentrated  standard  solution  and  burette 
for  delivering  the  dilute  standard  solution  should  be  CiR- 
fully  calibrated. 

Ne»gler  Jart.  These  should  be  graduated  with  5(kc. 
mark.     It  is  convenient  to  have  a  set  of  four. 

Colorimeter.  ■  The  colorimeter  or  comparator  oonsisli 
of  a  rectangular  block  21  by  4  by  7  ins.  hi^t — the  bright 
being  about  J  in.  less  than  the  height  of  Nessler  jus-' 
through  which  two  chambeis  If  ins.  diameter  and  1)  ins. 
between  centers  are  bored  lengthwise — the  chambers  hant 
of  such  diameter  as  to  just  receive  the  jars. 

To  one  end  of  the  block  is  fastenol  the  base,  vdiith  » 
J  in.  thick  and  through  which  two  J-in.  holes  are  IkhwI 
concentric  with  the  chambers,  thus  forming  a  shouldfT 
which  supports  the  jars  and  also  exclude  light  from  tbe 
sides  of  the  tubes.  To  prevent  shadows  and  give  better 
lighting  the  holes  in  the  base  are  beveled  outward  at  tn 
angle  of  45°.  The  Construction  will  be  apparent  by  reference  to  Fig.  70.  "n* 
interior  of  the  chamber  is  painted  dead  black. 

(a)  For  Determination  of  Titanium  Insoluble  in 
Hydrochloric  Acid 

Procedure.  Dissolve  5  grants  of  steel  in  100  cc.  of  dilute  hydrochloric  m'*' 
(one  of  concentrated  acid  to  two  of  water)  by  bailing  gently.  Wash  off  the 
cover  and  wash  down  the  sides  of  the  beaker  with  water  fmd  filter  out  the  ili^ 
insoluble  rcKiduc.  H-ashmg  with  hot  water  and  dilute  hydrochloric  acid  un^  bt» 
from  iron.  For  filtration  it  is  advisable  to  ase  either  a  close-grained  papa  " 
double  rapid-filtering  jjaiwrs  such  as  K.  &  S.  No.  589  white  ribbon. 

Ignite  the  residue  gentlj/  in  a  platinum  crucible  to  bum  off  carbonaceous 
mattpr.  Treat  the  resiilue  in  the  crucible  with  a  mixture  of  3  cc.  dilute  sul- 
phuric acid  (1  :  1),  2  or  3  cc.  hydrofluoric  acid,  and  a  few  drops  of  nitric  aoi 

'  Fcrro-titaniuiii  suitublc  f»r  Ihe  j>rcparaitiun  of  Htandard  titanium  aolutioas  ■ 
made  and  supplied  by  tbe  Titaaimn  Alloy  Manufacturing  Company,  Niagara  FiD^ 
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Heat  and  evaporate  to  fumes  of  sulphuric  anhydride  to  complete  expulsion  of 
bydrofluoric  acid. 

Cool,  add  a  few  cc.  of  water  and  heat  until  the  solution  is  perfectly  clear. 
The  ignited  residue  may  also  be  rapidly  and  completely  brought  into  solution 
by  fusion  with  about  3  grams  of  potassium  bisulphate  and  dissolving  the  fusion 
in  water  and  sulphuric  acid. 

In  either  case  wash  the  contents  of  the  crucible  into  one  of  a  pair  of  Nessler 
jars  and  dilute  with  cold  water  nearly  to  the  50-cc.  mark,  and  in  the  other  jar 
place  an  equal  volume  of  distilled  water. 

Place  the  jars  in  the  colorimeter  and  observe  if  the  sample  solution  is  color- 
less. If  the  sample  solution  is  colored  slightly  yellow  by  iron,  the  water  in  the 
standard  tube  should  be  brought  to  the  same  color  by  addition  of  a  few  drops 
of  a  ferric  solution.  For  this  purpose  a  solution  of  ferric  ammonium  sulphate, 
30  grams  per  liter,  is  very  convenient. 

If  the  work  up  to  this  point  has  been  carefully  performed,  the  addition  of 
ferric  solution  will  usually  be  unnecessary;  and  if  more  than  a  few  drops  of  ferric 
solution  are  required  the  analysis  should  be  rejected  and  a  new  sample  started. 
After  adjusting  the  color — if  necessary — bring  the  volume  of  solution  in  both 
jars  to  the  50-cc.  mark. 

The  volumes  now  being  equal  and  the 'solutions  practically  colorless,  add 
2  cc.  of  the  peroxide  solution  to  each.  If  the  sample  contains  titanium  even  in 
minute  quantity  it  will  be  indicated  by  the  immediate  development  of  a  yellow 
color. 

Match  the  colors  by  running  into  the  standard  jar  freshly  prepared  dilute 
standard  titanium  solution,  keeping  the  volumes  equal  by  adding  an  equal 
quantity  of  water  to  the  sample,  placing  the  jars  in  the  colorimeter  for  compari- 
son of  colors. 

As  before  stated,  each  cc.  of  the  dilute  standard  solution  is  equal  to  0.001% 
titanium  when  using  a  5-gram  sample. 

The  determination  may  be  made  in  less  than  an  hour  and  requires  little 
attention. 

(b)  For  Determination  of  Titanium  Soluble  in 

Hydrochloric  Acid 

For  the  determination  of  soluble  titanium  the  filtrate  from  the  insoluble 
titanium  residue  obtained  as  before  described  may  conveniently  be  used. 

Dilute  the  solution  in  which  the  iron  is  already  in  the  ferrous  state  to  180  cc. 
Add  10  cc.  of  alum  solution  made  by  dissolving  40  grams  of  crystallized  alum 
m  a  liter  of  water. 

The  aluminum  here  added  is  subsequently  precipitated  as  alumina  with 
the  titanium  and  serves  to  collect  quickly  the  exceedingly  small  precipitate  of 
titanium  hydroxide  and  facilitate  its  separation  from  the  solution  by  filtration. 

Heat  the  solution  to  about  90°  C.  and  add  ammonia  or  ammonium  carbonate 
solution,  stirring  constantly  until  a  slight  permanent  precipitate  is  produced. 
Add  dilute  hydrochloric  acid  (1  to  1)  drop  by  drop  from  the  wash  bottle  until 
the  precipitate  is  just  redissolved  and  the  solution  perfectly  clear;  then  add 
1  cc.  more  of  the  dilute  hydrochloric  acid. 

Add  3  cc.  of  phenylhydrazine  dissolved  in  10  cc.  hot  water,  which  will  pre- 
cipitate the  titanium  and  aluminum.    Stir  thoroughly  and  filter  immediately 
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on  a  7-cm.  filter  paper  in  a  Buchncr  funnel,  usmg  suction.  Wash  thoroughly 
with  hot  water. 

Calcine  the  precipitate  gently  in  a  platinum  crucible  to  destroy  organic 
matter  and  dissolve  the  residue  exactly  as  described  under  (a),  except  that  6  cc, 
of  dilute  sulphuric  acid  is  used  instead  of  3  cc. 

The  solution,  which  has  a  very  light  yellow,  or  greenish-yellow  color,  is  trans- 
ferred to  one  of  a  pair  of  Nessler  jars  and  diluted  to. the  50-cc.  mark.  About 40 
cc.  of  water  are  placed  in  the  other  jar  and  the  color  of  the  sample  solution  exactly 
matched  by  addition  of  ferric  anmionium  sulphate  and  copper  sulphate  solutions, 
which  are  conveniently  delivered  from  burettes. 

For  matching  the  original  color  of  the  solution  nearly  saturated  solutions 
of  ferric  ammonium  sulphate  and  copper  sulphate  are  suitable. 

Only  a  few  drops  of  such  solutions  are  required,  but  it  is  frequently  neces- 
sary to  use  both  blue  and  yellow  to  match  the  greenish-yellow  tone  of  the  sample 
solution. 

The  standard  is  finally  diluted  to  the  50-cc.  mark.  The  volumes  now  being 
equal  and  identical  in  color,  add  to  each  2  cc.  peroxide  solution  to  develop  the 
titanium  color  and  finish  the  determination  as  before  described  under  (a). 

(c)  For  Determination  of  Total  Titanium 

The  total  titanium  is  given  by  the  sum  of  the -insoluble  and  soluble  titanium 
determined  as  under  (a)  and  (6);  but  if  desired  may  be  determined  in  one 
operation. 

To  determine  total  titanium,  dissolve  as  before  in  hydrochloric  acid  and 
without  filtering  proceed  as  directed  under  (6)  for  determination  of  soluble 
titanium. 

Determination    of    Titanium    when    Interfering    Elements 

are  Present 

If  chromium,  vanadium  or  molybdenum  is  present  in  the  steel,  fuse  the 
residue  insoluble  in  hydrochloric  acid  or  the  calcined  phenylhydrazine  pre- 
cipitate containing  the  interfering  element  with  a  mixture  of  sodium  carbonate 
and  a  little  sodium  nitrate. 

Dissolve  the  fusion  in  water  and  filter.  The  residue  on  the  filter  will  contain 
the  titanium,  free  from  interfering  element.  Bring  the  residue  into  sulphuric 
acid  solution  by  methods  before  described  and  determine  the  titanium  as  usual. 

Colorimetric  Determination  of  Titanium  with  Thymol  ^ 

Principal  and  Preliminary  Considerations.  Titanium  dioxide  dissolved 
in  sulphuric  acid  is  colored  red  by  addition  of  th3miol,  the  depth  of  color  being 
directly  proportional  to  the  amount  of  titanium  present.  The  inteiisity  of  the 
color  is  claimed  by  Lenher  and  Crawford  to  be  twenty-five  times  that  produced 
by  hydrogen  peroxide  with  the  same  amount  of  titanium. 

As  in  case  of  hydrogen  peroxide,  fluorides  destroy  the  color,  hence  must  be 
absent.  Dilution  with  wnter  has  no  effect  until  the  concentration  of  sulphunc 
acid  falls  below  79.4  (e.g.,  sp.gr.  1.725).    The  color  then  fades  in  direct  proper- 

»  Victor  Lenher  and  W.  G.  Crawford,  C.  N.,  107,  152,  March  28th,  1913. 
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ion  to  dilution.  Warm  solutions  are  lighter  in  color  than  cold  solutions  with  the 
lame  amount  of  titanium,  hence  the  standard  and  the  sample  compared  must 
lave  the  same  temperature.  The  color  fades  on  heating  but  returns  on  cooling. 
rhe  temperature  should  be  kept  below  100°  C.  Chlorides,  phosphates  and  tin 
leem  to  have  no  effect.  Tungsten,  WoO«,  interferes,  as  it  intensifies  the  color 
if  the  solution  in  direct  proportion  to  the  amount  present;  hence  it  must  be 
removed  or  allowance  made  by  adding  an  equivalent  amount  to  the  standard 
)r  subtracting  the  equivalent  blank. 

Special  Reagents.  Thymol  Solution  1%,  The  thymol  is  dissolved  in  a 
Ittle  glacial  acetic  acid  containing  10%  ethyl  alcohol,  and  this  solution  added 
to  concentrated  sulphuric  acid.  Addition  of  the  thymol  directly  to  the  acid 
RTOuld  produce  a  colored  solution.  The  reagent  should  be  kept  protected  from 
strong  light,  otherwise  it  will  become  colored. 

Apparatus.  See  Colorimetric  Determination  of  Titanium  with  Hydrogen 
Peroxide,  Figs.  69,  70,  also  Fig.  43. 

Procedure.  About  0.3  gram  of  the  material  is  fused  with  potassium  acid 
sulphate,  KHSO4,  and  the  melt  dissolved  in  concentrated  sulphuric  acid.  Enough 
thymol  reagent  is  added  so  that  there  is  present  at  least  0.006  gram  thymol  for 
Bvery  0.0001  gram  Ti02.  Concentrated  sulphuric  acid  is  added  to  bring  up  the 
volume  to  50  or  100  cc.  in  a  Nessler  tube  exactly  as  in  the  case  of  the  colorimetric 
determination  of  titanium  with  HjOz.  The  depth  of  color  is  compared  with  a 
standard  solution  of  titanium  dissolved  in  a  concentrated  sulphuric  acid  added 
to  5  cc.  of  thymol  solution  made  up  to  a  convenient  volume  with  concentrated 
sulphuric  acid.    The  procedure  is  the  same  as  described  in  the  H2O2  method. 


THE  ANALYSIS  OF  TITANIFEROUS  ORES  1 

Determination  of  Titanium 

Decompose  the  ore  by  fusion  with  potassium  bisulphate,  dissolving  the 
fusion  in  water,  hydrochloric  and  sulphuric  acids.  If  an  insoluble  residue  remains, 
filter  it  out.  Calcine  the  residue,  add  a  few  drops  of  sulphuric  acid  and  suf- 
ficient hydrofluoric  acid  to  dissolve  silica,  evaporate  to  fumes  of  sulphuric  anhy- 
dride and  then  heat  to  redness. 

If  a  residue  now  remains,  bring  it  into  solution  directly  in  acids  or  fuse  with  a 
little  potassium  bisulphate,  etc.,  finally  adding  the  solution  to  the  main  solution 
obtained  as  before  described. 

If  desired,  the  sample  of  ore  can  first  be  partially  dissolved  in  hydrochloric 
and  sulphuric  acids,  and  the  insoluble  residue  then  fused  with  potassium  bisul- 
phate or  treated  with  sulphuric  and  hydrofluoric  acids. 

Some  ores  may  be  completely  decomposed  by  a  mixture  of  nitric,  hydro- 
fluoric and  sulphuric  acids,  evaporating  to  fumes  of  sulphuric  anhydride  in  a  plati- 
num dish  to  free  the  solution  from  nitric  and  hydrofluoric  acids. 

The  complete  decomposition  of  the  sample  having  been  accomplished,  the 
titanium  in  the  solution  is  determinsd  by  either  the  gravimetric  or  volumetric 
methods  for  Determination  of  Titanium  in  Ferro-Carbon  Titanium.  Pages 
436  and  441. 

*  Method  of  Analysis  used  in  the  laboratories  of  The  Titanium  Alloy  Manufacturing 
Company. 
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Determination  of  Iron  in  Presence  of  Titanium 

The  sample  is  decomposed  as  directed  under  the  Determination  of  Titanimn. 

The  sulphuric  acid  solution,  which  should  have  a  volume  of  150  to  200  cc^ 
is  saturated  with  hydrogen  sulphide  gas  to  reduce  the  iron,  and  filtered  to 
separate  any  precipitated  sulphides  and  free  sulphur.  The  filtrate  is  collected 
in  a  flask  fitted  with  a  rubber  stopper  through  which  pass  two  glass  tubes,  ooe 
reaching  nearly  to  the  bottom  for  conducting  gas  into  the  solution,  the  other 
a  short  exit  tube.  Unless  the  solution  after  filtration  is  still  highly  charged  with 
hydrogen  sulphide,  more  gas  should  be  passed  into  the  solution  to  reduce  any 
iron  that  may  have  been  oxidized  by  the  atmosphere  during  filtration.  The 
excess  hydrogen  sulphide  is  now  expelled  by  boiling  the  solution  while  passing  a 
current  of  carbon  dioxide. 

When  the  exit  gases  cease  to  darken  a  piece  of  filter  paper  moistened  with 
lead  acetate  solution,  the  flask  is  cooled  while  still  passing  the  carbon  dioxide. 
When  the  flask  has  partially  cooled  the  carbon  dioxide  is  shut  off  and  the  flask 
quickly  cooled  in  running  water  and  immediately  titrated  with  standard  pc^ 
manganate  solution. 

Determination  of  Silica 

This  determination  is  conveniently  combined  with  the  determination  of  iron, 
the  ore  being  preferably  decomposed  by  fusion  with  potassium  bisulphatc. 
The  fusion  is  dissolved  and  evaporated  with  excess  sulphuric  acid  to  fumes  of  sul- 
phuric anhydride  and  the  silica  determination  finished  as  usual — ^wei^ing,  vola- 
tilizing with  hydrofluoric  acid,  etc.  If  the  ore  contains  quartz  or  a  silicate  unde- 
composable  by  treatment  with  potassium  bisulphate  and  hydrofluoric  acid,  ^€ 
residue  filtered  from  the  sulphuric  acid  solution  should  be  fused  with  sodiu® 
carbonate  and  the  silica  then  determined  as  usual. 

Determination  of  Altmiina 

After  making  determination  or  separation  of  titanium  by  gravimetric  method 
use  the  filtrate  for  determination  of  alumina. 

Phenylhydrazine  Method  for  Determination  of  Aluminum  in  Presence 

of  Iron 

The  iron  and  aluminum  should  be  in  hydrochloric  or  sulphuric  acid  solution. 
Nearly  neutralize  the  solution  with  ammonium  carbonate.  Pass  sulphurous 
acid  gas  to  complete  reduction  of  the  iron.  Boil  until  the  excess  sulphurous  acid 
is  driven  off  and  if  titanic  acid  separates  filter  it  out. 

After  filtering  out  titanic  acid  again  nearly  neutralize  with  anunonium  ca^ 
bonate,  pass  a  little  sulphurous  acid  gas  and  heat  for  a  few  minutes  to  reduce 
any  iron  that  might  have  been  oxidized  during  filtration.  If  titanium  has  not 
been  detected  the  second  treatment  with  sulphurous  acid  may  be  omitted.  ^ 
either  case  the  solution  still  containing  a  little  free  sulphurous  acid  is  nearly 
neutralized  with  anmionium  carbonate,  diluted  to  300  cc.  and  3  cc.  of  phenol- 
hydrazine  added.  Stir  thoroughly,  let  settle  and  filter  out  the  alumina.  If  the 
precipitate  is  discolored  by  iron,  dissolve  in  hydrochloric  acid,  and  repeat  the 
reduction,   neutralization  and   precipitation  by  phenylhydrazine.    Ignite  aol 


TITANIUM  447 

weigh  AlsOa+PaOs.  Since  the  alumina  precipitate  may  be  contaminated  by 
phosphoric  anhydride  (PiOs),  determine  it  by  analysis  and  correct  the  alumina 
determination  accordingly. 

Determination  of  Phosphorus 

Phosphoric  acid  may  be  separated  from  titanic  acid  by  repeatedly  fusing 
the  ore  with  alkali  carbonate  and  extraction  of  alkali  phosphate  with  water. 

The  determinations  of  other  constituents  of  the  ore  are  conducted  by  the 
usual  methods  of  ore  analysis. 


Il 


TUNGSTEN,  TANTALUM  AND  GOLUMBIUM' 

TUNGSTEN 

Wilfred  W.  Scott 

W.»  at.wt.  184.0;  ap.gr.  18.77;  m.p.  3000''  €.;>  oxides,  WO^  (brown);  W0> 
(yellow) ;    acids,  HsW04»  ortho  tungatic;  HaWiOut  meta  tungatic 

DETECTION 

Minerals.  The  finely  powdered  material  is  fused  with  about  six  times  its 
weight  of  potassium  hydroxide  in  a  silver  or  nickel  crucible.  (Fusion  with  Na*O0i 
or  with  KHSO4  in  platinum  will  also  decompose  the  material.  See  Solution  of 
the  Sample.)  The  cooled  mass  is  extracted  with  hot  water  and  filtered.  The 
solution  is  treated  with  about  25  cc.  of  dilute  hydrochloric  acid  and  boiled.  The 
precipitate  formed  may  contain  antimony,  molybdenum,  niobium,  silica,  tantalum, 
tin  and  tungsten.  This  is  filtered  and  the  moist  residue  treated  with  a  solution 
of  yellow  ammonium  sulphide.  Antimony,  molybdenum,  tin  and  tungsten  pass 
into  the  filtrate,  niobium  and  tantalum  remain  on  the  filter.  The  ammoniacal 
sulphide  extract  is  acidified  with  hydrochloric  acid  and  boiled.  The  precipitate 
is  filtered  and  washed  with  a  little  hydrochloric  and  nitric  acids.  Antimony, 
molybdenum  and  tin  pass  into  the  filtrate,  while  tungsten  and  sulphur  remain  on 
the  filter.  Tungsten  is  now  confirmed  as  follows,  portions  of  the  precipitate 
being  taken : 

1.  The  residue  is  suspended  in  dilute  hydrochloric  acid  and  a  piece  of  zinc, 
aluminum,  or  tin  placed  in  the  solution.  In  the  presence  of  tungsten  a  blue- 
colored  solution  or  precipitate  is  seen,  the  color  disappearing  upon  dilution  with 
water. 

2.  A  portion  of  the  precipitate  is  warmed  with  ammonium  hydroxide  and  the 
extracts  absorbed'  with  strips  of  filter  paper. 

(a)  A  strip  of  this  treated  paper  is  moistened  with  dilute  hydrochloric  acid 
and  wanned.    In  the  presence  of  tungstic  acid  a  yellow  coloration  is  produced. 

(b)  A  second  strip  of  paper  is  moistened  with  a  solution  of  stannous  chloride. 
A  blue  color  is  produced  in  the  presence  of  tungsten. 

(r)  A  third  strip  dipped  into  cold  ammonium  sulphide  remains  unchanged 
until  warmed,  when  the  paper  turns  green  or  blue  if  tungsten  is  present. 

Iron,  Steel  and  Alloys.  These  decomposed  with  strong  hydrochloric  acid 
followed  by  nitric  acid  as  directed  under  Solution  of  the  Sample  leave  a  yellow 
residue  in  the  presence  of  tungsten.  If  this  residue  is  digested  with  warm  ammo- 
nium hydroxide  and  the  extract  evaporated  to  dryness  a  yellow  compound,  WOj, 
will  remain  if  tungsten  is  present.  This  oxide  may  be  reduced  in  the  reducing 
fiiune  to  the  blue-colored  oxide. 

^  Columbium  is  also  known  as  Niobium. 

« Circular  35  (2d  Ed.),  U.  S.  Bureau  of  Standards. 

448 


TUNGSTEN,  TANTALUM  AND  COLUMBIUM         449 


ESTIMATION 

Tungsten  occurs  principally  as  wolfram,  a  tungstate  of  iron  and  manganese 
(FeWO^-MnOO,  and  as  scheelite,  a  tungstate  of  calcium  (CaW04).  The  best 
concentrate  of  hand-picked  material  contains  70  to  74%  tungsten  in  terms  of  its 
oxide,  WOi. 

The  element  is  met  with  in  alloys — ^ferro-tungsten,*  silico-tungsten,  tungsten 
steels  containing  as  much  as  10  to  20%  of  the  metal,  used  for  making  high-speed, 
self-hardening  cutting  tools;  tungsten  powder;  ^  alkali  tungstates  for  mordanting 
purposes;  tungstic  oxide,  WOi;  tungsten  electric  light  filaments,  etc. 

0 

Solution  of  the  Sample 

For  9olution  of  the  sample  the  following  facts  should  be  kept  in  mind 
regarding  solubilities. 

The  metal  is  practically  insoluble  in  HCl  and  in  H2SO4.  It  is  slowly  attacked 
by  HNO»,  aqua  regia  and  by  alkalies.  It  is  readily  soluble  in  a  mixture  of  HNOs 
andHF(=WF.orWOF4). 

Oxides.  WOs  is  soluble  in  hot  HCl  and  in  hot  HsS04  (=red  sol.),  also  in 
KOH  (red  sol.).  The  oxide  WOa  is  scarcely  soluble  in  acids,  but  is  readily  soluble 
in  KOH,  K2CO,,  NH4OH,  (NH4)2CO,,  (NH4)2Sz.  Both  the  acid  and  the  alkali 
solutions  deposit  the  blue  oxide  on  standing. 

Acids.  Ortho  tungstates.  A  few  are  soluble  in  water  and  in  acids.  The 
alkali  salts  only  slightly  soluble.  The  meta  tungstates  are  easily  soluble  in  water. 
Tungstates  are  precipitated  from  alkali  salts  by  dilute  H1SO4,  HCl,  HNOs,  HsP04 
(aqua)  as  yellow  WOi«HsO  or  white  W0|«2H20.  Meta  tungstates  are  not  pre- 
cipitated by  cold  acids,  but  are  precipitated  by  boiling  and  by  long  standing. 

Solution  of  Minerals.  Fusion  Method.  The  material  may  be  opened  out 
by  fusion  with  alkalies  or  alkaline  carbonates,  or  by  solution  in  mixtures  of  acids 
of  which  hydrofluoric  acid  is  a  constituent.  The  following  procedure  is  satis- 
factory: 

The  finely  divided  mineral  is  fused  with  five  or  ten  times  its  weight  of  sodium 
or  potassium  carbonate  and  the  fusion  extracted  with  hot  water.  The  aqueous 
solution  may  contain  one  or  more  of  the  following:  alkaline  tungstate,  niobate, 
molybdate,  tantalate,  arsenate,  antimonate,  stannate,  aluminate,  chromate,  vana- 
date, silicate,  phosphate,  sulphate,  chloride,  fiuoride,  etc.,  in  absence  of  com- 
binations forming  insoluble  precipitates.  The  residue  may  contain  alkaline 
zirconate,  ferric  oxide,  carbonates  of  calcium,  strontium,  barium,  etc.    Tungsten 

1  TYPICAL  ANALYSES 
Tungsten  Powder 
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J  'c  4  z CTL^-.--     Ti^  i:»>*.  W'.»..  li  rfofrklhr  c<  ■ataminated  with  silica,  which 

r-iv  r*?-  r»^Li  -.-'^i  :t  -•   ^- zx'j  c  wr.^i  i^ir  d-.«nc  acid:  and  it  contains  traces 

'/  f*-r7>r  ir  c  -»-.  •  i  r-iv  "if  *">r  -^-i^s?  r  v  f^-^;  <i  erf  the  residue  with  sodium  car- 
v.rji*e  ar^i  «^rir  :i-j:  \zj^  t^-^.kz.  wt:*:  b  <  water:  the  iron  remaining  may  be 
icrM  s'jd  w-^'.-vi  i-.i  t r:*^  w^ifi;  «^r  tracted  from  that  of  the  previously  wei|^ied 

In  t'jT.c-*^',  n.  ly-i^num  «teei5  i^  cc.  of  strong  hydrochloric  acid  and  10  cc. 
<A  coTtf'fTUinktfd  TA*nc  arid  are  rec*.<nmended.  The  solution  is  evaporated  to 
f^i-tiiK-s*.  and  th<-n  taken  up  and  NjiJed  with  dilute  hydrochloric  acid  (1  : 4), 
tuftii^^Um  and  silif-a  rpniainirig  undissolved  and  molybdenum  and  iron  passing 
into  th#;  filtrate. 

8ieei  containing  a  high  percenimge  of  tun§9ien  is  extremely  hard,  so  that  it 
in  pra^ftirally  i^lfx>s^ihle  to  f^t  filing  or  borings  without  contaminating  the  sample 
wit  h  nuitrrrial  from  the  cutting  tool.  The  substance  is  best  prepared  by  hammer- 
ing int^i  a  coanse  pr>wder  in  a  steel  mortar.  These  coarse  particles  are  not  readily 
dr*/'ornfK>w;d  by  the  usual  acid  treatment  or  by  the  alkali  carbonate  and  nitrate 
fuHJ/in.  Ofiening  up  of  the  material  may  be  easily  accomplished  by  fusion  vith 
f)of/iHHi!irn  arid  sulphate. 

AlM)Ut  0.5  gram  of  the  coarse  powder  is  heated  with  ten  times  its  weight  of 
KlIHOi  ovcer  n  lowiiaaie,  with  covered  crucible,  the  flame  being  removed  if  the 
net  ion  iKToirum  violent.  The  aifilt  is  cooled  slightly  and  an  additional  5  grams 
of  hJMiilplmti!  iwldod  and  the  treatment  repeated.  Finally  a  third  6-gram  portion 
of  tliu  lu'id  HulphttUi  JH  added  and  the  material  heated  to  a  cherry  redness  for  » 

«  '*  The  Analysis  of  Steel-Works  Materials." 
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ferw  minutes.  About  fifteen  or  twenty  minutes  are  sufficient  to  decompose  the 
tnaterial.  The  heating  should  be  conducted  cautiously  so  that  only  a  gentle 
evolution  of  gas  occurs,  and  the  mass  kept  in  a  molten  state  until  the  black  par- 
ticles of  steel  have  entirely  dissolved.  The  mass  is  now  cooled,  the  crucible  and 
cover  placed  in  50  to  75  cc.  of  water  and  boiled  to  disintegrate  the  fused  mass. 
The  liquid  is  treated  with  20  cc.  of  concentrated  hydrochloric  acid  until  the  pre- 
cipitated tungstic  acid  is  yellow.  After  settling,  the  precipitate  is  filtered  off 
and  "washed  with  10%  ammonium  nitrate  solution.  The  residue  is  then  dissolved 
in  liot  dilute  ammonium  hydroxide,  the  ammonium  tungstate  then  evaporated 
in.  &  weighed  platinum  crucible  to  dryness,  then  covered  with  a  watch-glass  and 
the  residue  heated  to  decompose  completely  the  ammonium  salt.  Tungstic  oxide, 
WOs,  remains  and  is  so  weired. 

Should  silica  be  present  in  the  sample  it  will  contaminate  the  oxide,  WOz,  It 
is  removed  by  volatilization  with  hydrofluoric  acid.  A  small  amount  of  tungsten 
passes  into  the  filtrate  from  the  acid  treatment,  which  is  recovered  by  repeated 
evaporation  with  hydrochloric  acid  as  described  under  the  gravimetric  procedure 
on  pag^  453. 

FexTO  Tungsten  Alloys  may  be  dissolved  by  covering  1  to  2  grams  of  the 
alloy  placed  in  a  platinum  dish  with  hydrofluoric  acid  and  adding  nitric  acid  in 
small  portions,  the  dish  being  kept  covered  during  the  intervals  between  the 
additions.  When  the  energetic  action  subsides  10  to  15  cc.  of  strong  sulphuric 
acid  are  added  and  the  material  digested  until  the  decomposition  is  complete. 
The  mixture  is  now  evaporated  to  SOi  fumes  over  a  low  flame.  (Air  blown  over 
the  solution  assists  evaporation.)  The  residue  is  collected  on  a  filter  and  washed 
well,  then  ignited  and  weighed  as  WOi. 

Tungsten  Bronzes.  About  0.5  gram  of  finely  powdered  bronze  is  heated  in 
a  porcelain  crucible  with  2  grams  of  alkali-free  ammonium  sulphate  and  2  cc. 
of  concentrated  sulphuric  acid,  using  a  very  small  flame  and  occasionally  agitating 
the  mixture.  After  a  few  minutes  an  additional  gram  of  ammonium  sulphate 
and  1  cc.  of  sulphuric  acid  are  added  and  the  heating  continued.  The  cooled  fusion 
is  moistened  with  water,  rinsed  into  a  porcelain  dish,  50  cc.  of  concentrated  nitric 
acid  added  and  the  contents  digested  for  about  four  hours,  then  diluted  with 
water  and  the  tungstic  oxide,  WO3,  filtered  off.  The  small  amount  of  tungsten 
passing  into  the  filtrate  is  recovered  by  evaporating  to  dryness  and  extracting 
the  residue  with  hot  dilute  ammonium  hydroxide.  WOs  is  precipitated  with 
HCl  and  the  alkalies  determined  in  the  filtrate. 


SEPARATIONS 

One  or  more  of  the  following  separations  may  be  required  in  the  isolation  of 
tungsten.     (See  Separation  of  Tungsten  under  Detection.) 

Separation  of  Tungsten  from  Silica.  The  oxide  of  tungsten,  as  ordinarily 
obtained,  is  frequently  contaminated  with  silica.  The  removal  of  silica  is  accom- 
plished by  heating  the  mixture  in  a  platinum  dish  with  sulphuric  and  hydrofluoric 
acids  and  volatilizing  the  silica.  After  taking  to  dryness  and  igniting  gently, 
the  last  traces  of  sulphuric  acid  are  expelled  by  adding  ammonium  carbonate 
and  again  igniting. 

Separation  from  Tin.  The  method  depends  upon  the  fact  that  volatile  stannic 
chloride  is  formed  and  expelled  when  stannic  oxide  is  heated  with  ammonium 
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chloride,  while  the  oxide  of  tungsten  remains  behind.    The  method  was  proposed 
by  Rammelsberg.^ 

Silica  having  been  removed,  the  weighed  residue  is  mixed  with  six  to  eif^t  times 
its  weiglit  of  ammonium  chloride  (free  from  non-volatile  residue)  in  a  platinum 
crucible,  placed  in  a  larger  crucible,  both  vessels  being  covered.  Heat  is  applied 
until  no  more  vapors  of  ammonium  chloride  are  evolved.  Additional  anunonium 
chloride  is  added  and  the  treatment  is  repeated  three  times.  The  fourth  treat- 
ment is  followed  by  weighing  of  the  residue  and  the  treatment  repeated  once 
more.  If  no  further  loss  of  weight  takes  place  it  is  assumed  that  all  the  stannic 
oxide  has  been  driven  off.  The  inner  crucible  is  now  placed  directly  over  the 
flame  and  heated  to  dull  redness  for  a  few  minutes  and  the  oxide,  W0«,  wei^^ed. 

Separation  of  Tungsten  from  Tin  and  Antimony.  Talbot's  Process.*  Tbe 
mixed  oxides  are  fused  with  twelve  times  their  weight  of  potassium  cyanide  in 
a  porcelain  crucible.  Tin  and  antimony  are  thrown  out  as  metals  and  the  soluble 
alkali  tungstate  fonned.  This  is  leached  out  with  water  and  the  aqueous  extract 
boiled  (hood)  \^^th  an  excess  of  nitric  acid  to  drive  off  the  cyan(HS?n  compounds. 
The  tungstate  is  then  precipitated  by  the  usual  methods.  If  phosphorus  is 
present  in  the  sample  it  will  be  found  in  the  solution  yiiih  tungsten  and  its  remo\'al 
^nll  be  neccssarv. 

Separation  of  Tungsten  from  Arsenic  and  Phosphorus.  Both  arsenic  and 
phosphorus  may  be  precipitated  by  cold  magnesia  mixture  in  an  ammoniacal 
solution,  tungsten  remaining  in  solution.  The  separation  of  arsenic  is  difficult, 
as  it  is  tenaciously  retained  by  tungsten  as  a  complex  salt.  The  following  process 
is  outlined  by  Kelirmaim.* 

One  to  2  grams  of  the  sami)le  are  fused  with  t\^*ice  as  much  sodium  hydroxide 
as  is  recjuired  to  combine  with  the  arsenic  oxide,  the  resulting  cake  is  dissolved  in 
a  little  water  and  boiled  in  an  Erleiuneyer  flask  for  half  an  hour.  After  cooling, 
three  times  as  much  ammonium  chloride  as  is  needed  to  form  chlorides  with  the 
alkalies  present  is  added,  and  then  ammonium  hydroxide  equal  to  one-fourth  the 
volume  of  the  solution  under  investigation,  followed  by  sufficient  magnesia  mixture, 
added  cold,  dn>p  by  droj)  with  constant  stirring.  After  settling  several  houK. 
the  solution  is  filtcre<l  and  the  residue  washed  ii^ith  a  weak  solution  of  ammonia 
and  ammonium  nitrate.  It  is  advisjible  to  dissolve  the  residue  in  dilute  acid  and 
rei)eat  the  precipitation  several  times.  The  filtrates  containing  the  tungsten  are 
combined  and  concentrated  by  evaporation  if  necessaiy.  The  alkaline  solution  i» 
neutralized  with  nitric  acid  and  the  tungsten  i)recipitated  with  mercurous  nitrate 
as  described  under  the  gravhnetric  procedures  for  tungsten,  page  454.  Magnesia 
is  apt  to  contiiniinate  the  tungsten. 

Separation  of  Tungsten  from  Molybdenum,  Hommel's  Process.  The  moi^1 
oxides  *  of  tungsten  and  molybdonuni  are  digested  with  concentrated  sulphuno 
acid  and  a  few  droi>s  of  dilute  nitric  acid,  in  a  porcelain  dish  over  a  free  flame  for 
about  half  an  hour.  About  three  times  its  volume  of  water  is  added  to  the  cooled 
solution,  the  n\*ii(luo.  WOa,  filtered  off  and  washed  inth  dilute  sulphuric  acid  (1  :  '-S)) 
followed  by  tliree  washings  with  alct>hol.  The  residue  is  ingited  separately  from 
the  paper  and  weighed  witli  the  ash  of  paper  as  WOs. 

»Pogg.  Ann..  120.  tM5.  IStU:  C.N.,  9.  25.  18G4. 
s  J.  A.  Talbot.  J.  Sci.  (2..  oO.  244.  1S70. 
»  F.  Kehrmann,  licr..  20,  1813,  ISST. 

*  Ipnit(Hl  oxides  require  fusion  with  sodium  carbonate,  the  resulting  melt  is  then 
trt^atod  with  sulphuric  a<'id. 
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Molybdenum  is  in  the  filtrate  and  may  ba  precipitated  in  a  pressure  flask 
with  H^. 

Volatilization  of  Molybdenum  with  Dry  Hydrochloric  Acid  Gas.  Pochard's 
Process.^  The  procedure  depends  upon  the  fact  that  molybdenum  oxide  heated 
in  a  current  of  dry  hydrochloric  acid  gas  at  250  to  270°  C.  is  sublimed,  whereas 
tungsten  is  not  affected. 

The  oxides  of  the  two  elements,  or  their  sodium  salts,  are  placed  in  a  porcelain 
boat  and  heated  in  a  hard  glass  tube,  one  end  of  which  is  bent  vertically  down- 
ward and  connected  with  a  F6ligot  tube  containing  a  little  water.  A  current 
of  dry  hydrochloric  acid  gas  is  conducted  over  the  material,  heated  to  250  to 
270**  C.  From  time  to  time  the  sublimate  of  molybdenum  (MoOs -21101)  is  driven 
towards  the  P^ligot  tube  by  careful  heating  with  a  free  flame.  This  enables  the 
analyst  to  observe  whether  any  more  sublimate  is  driven  out  of  the  sample  and  to 
ascertain  when  the  tungsten  is  freed  of  molybdenum.  From  one  and  a  half  to 
two  hours  are  generally  suflicient  to  accomplish  the  separation.  If  sodium  salt  is 
present  it  is  leached  out  of  the  residue,  and  this  is  then  ignited  to  W0».  Molyb- 
denum may  be  determined  in  the  sublimate. 

Separation  from  Vanadium.'  Tungstic  and  vanadic  acids  are  precip- 
itated with  HgNOs  and  HgO,  the  moist  precipitate  dissolved  in  HCl  and  the 
solution  largely  diluted;  W0|  is  precipitated  free  from  vanadium. 

Separation  from  Titanium.'  The  material  is  heated  with  KsCOa  and  KNO3, 
tungsten  is  dissolved  out  with  water  and  precipitated  as  mercurous  tungstate. 

Separation  of  Tungsten  from  Iron.  The  procedure  is  given  under  Solu- 
tion of  the  Sample,  of  Steel  and  Allo3rs.  The  impure  oxide  WO3  is  fused  with 
Na»CO»  and  the  melt  extracted  with  water.  Fe(0H)8  remains  on  the  filter. 
The  filtrate  is  evaporated  to  dryness  with  HNOa  and  the'  residue  extracted  with 
water.  The  insoluble  W0|  is  washed  with  dilute  NH4NO3  solution,  then  dis- 
solved in  NH4OH  and  tungsten  determined  in  the  solution. 


GRAVIMETRIC  PROCEDURES  FOR  DETERMINING  TUNGSTEN 

Since  there  is  no  highly  commendable  volumetric  procedure  for  determin- 
ing tungsten,  the  gravimetric  methods  are  preferred. 

The  element  is  determined  as  tungstic  oxide,  W0|.  It  may  be  isolated 
in  the  form  of  tungstic  acid,  ammonium  tungstate,  or  as  mercurous  tungstate, 
in  the  usual  course  of  analysis,  all  of  which  forms  may  be  readily  changed  by 
ignition  to  the  non-volatile  oxide,  WO3. 

Precipitation  of  Tungstic  Acid 

Isolation  of  tungstic  acid  by  acid  treatment  of  steels  and  alloys  is  given  under 
Solution  of  the  Sample  in  the  procedures  for  these  substances.  If  a  fusion 
method  with  an  alkali  hydroxide  or  carbonate  has  been  used  for  decomposition 
of  the  sample  and  the  tungsten  extracted  with  water  the  oxide  may  be  precipitated 
as  follows: 

An  equal  volume  of  concentrated  hydrochloric  acid  is  added  to  the  aque- 

» E.  Pechard,  Comp.  Rend.,  114,  173,  1891. 
« Friedheim,  C.  N.,  61,  220. 
«  Defacqz,  C.N.,  74,  293. 
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ous  solution  of  the  alkali  tungstate,  and  the  mixture  evaporated  to  dr>7iess 
on  the  water  bath,  and  then  heated  for  an  hour  or  more  in  the  hot-air  oven  at 
120°  C.  The  residue  is  moistened  with  hydrochloric  acid,  then  taken  up  and 
boiled  with  water,  filtered  and  washed  with  a  5%  hydrochloric  acid  or  ammo- 
nium nitrate  solution.  The  precipitate  is  ignited  and  weighed  as  WOi,  which 
contains  0.793  gram  of  tungsten  per  gram  of  oxide. 

Note.    A  small  amount  of  tungsten  may  pass  into  the  filtrate.    This  ia  recovered 
by  repeated  evaporation  with  hydrochloric  or  nitric  acids. 

Precipitation  of  Tungsten  as  Mercurous  Tungstate.    Berzelius' 

Process^ 

The  water  extract  of  the  sodium  carbonate  fusion  is  concentrated  to  50  to 
100  cc,  a  few  droi)s  of  methyl  orange  added  and  the  alkali  carefully  neutraliied 
^ith  nitric  acid,  avoiding  an  excess.'  The  mixture  is  boiled  to  expel  all  the 
carbonic  acid,  then  cooled  and  an  excess  of  mercurous  nitrate  added.  (UsuaUy 
20  cc.  of  a  solution  made  by  digesting  60  grams  of  mercury  with  25  cc.  of  nitric  acid 
(sp.gr.  1.4) +75  cc.  of  water  two  hours  on  steam  bath,  and  diluting  to  400  cc.) 
When  the  precipitate  settles  the  supernatant  solution  should  be  clear.  After  two 
hours  or  more  the  yellow  precipitate  is  filtered  off,  washed  with  2%  mercuroos 
nitrate  solution,  dried  and  ignited  to  WOi. 

One  gram  WO,  =  0.793  gram  W. 

Volumetric  Method  ^ 

Tungstic  oxide  is  precipitated  according  to  one  of  the  procedures  outlined  in 
the  section  on  Solution  of  the  Sample.  The  impure  oxide  containing  silica  and 
iron  is  washed  on  the  filter  \^'ith  dilute  nitric  acid,  then  with  dilute  solution 
of  potassium  nitrate  (5-10%  sol.)  until  the  filtrate  shows  the  residue  is  freed  from 
acid.  The  residue  is  waslicd  into  a  flask,  200  cc.  of  water  added  and  the  mixture 
titrated  boiling  hot  with  standard  solution  of  sodium  hydroxide,  using  phenol- 
phthalein  as  indicator. 

One  cc.  X.  NaOII  =0.116  gram  WO,,  or  =0.092  gram  W. 

ij.  J.  B(irzolius,  Schwoigger's  Jour.,  16,  476,  1816;  W.  W.  Hutchin,  Anal^-st.  !«. 
31)8,  1911. 

2  Molior  recommends  adding  u  few  drops  of  nitric  acid  in  excess,  follo^'cd  by  the 
mercurous  nitrate,  and  then  amnroniinn  hydroxide,  drop  by  drop,  until  a  bro^'n  pi^ 
cipitate  separates. 

'Herting,  Z.  angew.  Cheni.,  14, 105,  1901. 
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Cb,  at.wt,  93^;  sp.gr,  7.06;  m.p.  1950'';  oxides  CbO,  CbOs,  ClhOfi. 
Xa,  at.wt.  181^;  8p,gr.l4.49;  m.p.  2900'';  oxides  TaOz,  TazO^,  TazOs. 

DETECTION 

The  finely  powdered  mineral  is  digested  with  strong  hydrochloric  acid, 
followed  by  concentrated  nitric  acid  and  the  mixture  taken  to  dryness.  The 
residue  is  treated  with  hydrochloric  acid,  diluted  with  water,  boiled  and  filtered. 
The  residue  is  digested  with  warm  ammonium  hydroxide  to  remove  tungsten 
and  the  solution  filtered  from  the  insoluble  material,  i^  which  tantalum  and 
columbium  will  be  found,  if  present  in  the  sample. 

Decomposition  of  the  material  may  be  effected  according  to  the  procedure 
described  for  the  detection  of  tungsten,  page  448. 

The  residue  obtained  is  digested,  in  a  platinum  crucible,  with  hydrofluoric 
acid  and  a  saturated  solution  of  potassium  fluoride  added.  The  mixture  is 
evaix>rated  to  small  volume  and  allowed  to  cool  slowly.  Tantalum  will  separate 
in  acicular  rhombic  crystals  (solubility — 1  part  of  the  salt  in  200  parts  of  water) 
as  ix>tassium  fluotantalate  2KF*TaFt;  columbium  separates  in  plates  as  the 
double  fluoride,  2KF«CbFfi,  if  HF  is  in  excess,  or  as  a  double  oxy-fluoride 
2KF-CbOFj,  if  HF  is  not  in  excess;  the  columbium  salt  being  much  more 
soluble  (1  part  of  the  salt  in  12  parts  of  water)  crystallizes  after  the  crystals  of 
tantalum  have  formed. 

The  crystals  may  be  examined  under  a  lens  and  then  treated  as  follows: 
The  needle-like  crystals  are  heated  in  a  shallow  platinum  dish  or  crucible  cover 
with  strong  sulphuric  acid  to  fumes,  the  cooled  mixture  is  transferred  to  a  test- 
tube  with  water  and  boiled  to  precipitate  the  tantalic  acid.  An  opalescent 
solution  is  obtained  when  this  precipitate  is  treated  with  an  excess  of  hydro- 
chloric acid.  Metallic  zinc  added  to  this  solution  produces  no  color.  A  light- 
brown  precipitate  is  obtained  with  tannic  acid  in  the  presence  of  tantalum. 
If  the  crystals  of  columbium  salt  are  treated  in  the  same  way,  metallic  zinc  added 
to  the  acid  solution  will  give  a  blue  coloration,  and  tannic  acid  an  orange-red 
coloration.  Tantalic  acid  fused  with  sodium  meta-phosphate  gives  a  colorless 
bead  (distinction  from  silica).  The  bead  moistened  with  FeS04  and  heated  in 
the  inner  flame  is  not  colored  red.  Colmnbic  acid  fused  in  the  same  way  gives  a 
blue  bead  in  the  reducing  flame,  and  a  red  bead  by  addition  of  FeSOi,  and  heat- 
ing in  the  flame. 

ESTIMATION 

Tantalum  and  columbium  occur  commonly  with  tungsten  in  nature.  In  the 
following  minerals,  however,  tantalum  and  colimibium  form  the  more  important 
constituents: 

Columbite,  (Ta.Cb),(Fe.Mn)0«;  pyrochlore,  RCb,0,R(Ti.Th),;  hatchet- 
tolite,  2R(Cb.Ta),0.  or  R2(Cb.Ta)207;  fergusonite,  R(Cb.Ta)04;  yttrotan- 
talite,  RR(Cb.Ta)40».4H,0;  samarskite,  R3Rt(Cb.Ta)«02i. 

Tantalum  is  used  in  electric  light  filaments;  it  is  also  used  for  hardening 
steel  for  drills,  files,  cutting  edges,  watch  springs,  and  pen  points.  It  is  used 
in  rectifiers  for  alternating  currents. 
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Solution  of  the  Sample 

The  statements  made  for  solution  bf  the  sample  in  determinations  of  tungsten 
apply  here  also.  It  is  well  to  keep  the  following  facts  in  mind:  Tantalum  is 
insoluble  in  the  common  mineral  acids — hydrochloric,  nitric  and  sulphuric  acids, 
but  dissolves  in  hydrofluoric  acid.  Columbium  is  insoluble  in  hydrochloric, 
nitric  and  in  nitro-hydrochloric  acid,  but  dissolves  in  hot  concentrated  sul- 
phuric acid.  The  oxides  TaiOg  and  CbjOj  fused  with  KOH  form  soluble  salts. 
Cb206  (not  strongly  ignited)  is  soluble  in  acids,  from  which  (NHOiS  and  NHiOH 
precipitate  columbic  acid  (containing  ammonia).  Freshly  precipitated  tantalic 
acid  is  soluble  in  acids,  and  reprecipitated  by  NH4OH.  The  acid  dissolves  readily 
inHF. 

Tantaliferous  Minerals.  Although  decomposition  may  be  effected  by  fusion 
with  potassium  acid  sulphate,  fusion  with  potassium  hydroxide  is  recommended 
as  being  the  best  flux  for  opening  the  minerals.    Simpson's  process  is  as  follows:' 

Three  grams  of  pure  potassium  hydroxide  are  fused  in  a  nickel  or  salver 
crucible  and  the  finely  powdered  mineral  (0.5  gram)  added,  the  contents  mixed 
by  gently  rotating  the  cmcible  and  fusion  kept  at  a  dull  red  heat  for  ten  min- 
utes longer.  The  crucible  placed  in  a  'hole  in  an  asbestos  board,  Fig.  65,  b 
heated  over  a  free  flame  for  half  an  hour,  the  sample  being  covered.  The  lid  is 
removed  and  allowed  to  cool  reversed,  if  any  material  clings  to  this.  The  cooled 
crucible,  placed  in  a  beaker,  is  two-thirds  filled  with  distilled  water,  and  a  clock- 
glass  immediately  placed  over  the  beaker.  After  the  violent  reaction  has  sub- 
sided the  contents  of  the  crucible  are  poured  into  about  10  cc.  of  dilute  hydro- 
chloric acid  (sp.gr.  1.08)  in  a  300-cc.  beaker,  and  the  crucible,  basin  and  the 
lid  washed  with  water,  followed  by  about  20  cc.  of  the  dilute  acid,  and  again 
with  water,  adding  the  washings  to  the  remaining  solution.  The  total  volume  of 
the  solution  should  occupy  from  80  to  100  cc.  A  drop  or  two  of  alcohol  are 
added  to  destroy  any  potassium  manganate  formed. 

Separations 

Isolation  of  Columbium  and  Tantalum  Oxides.  Separation  from  iron, 
manganese,  copper,  cobalt,  nickel,  calcium,  magnesium,  titanium,  and  tin.  The 
solution  obtained  above  is  boiled  with  5  to  10  cc.  of  hydrochloric  acid  (sp.gr. 
1.16)  (less  acid  may  be  used  if  titanium  is  absent).  Columbium  and  tantalum 
hydroxides  arc  precipitated.  The  solution  is  now  diluted  to  200  cc.  and  boiled 
for  fifteen  minutes  longer  to  make  sure  that  the  precipitation  is  complete.  After 
settling,  the  clear  solution  is  decanted  through  a  close-grained  filter  and  the 
residue,  having  Ixjen  transferred  to  the  filter,  is  washed  with  dilute  hydrochloric 
acid  (sp.gr.  1 .08)  until  the  washings  give  no  indication  of  iron.  The  residue  may 
contain  tantalum,  columbium,  tungsten,  silica,  antimony  and  tin.  The  greater 
part  of  the  tin,  titanium,  and  all  of  the  iron,  manganese,  cobalt,  nickel,  copper, 
calcium  and  magnesium  are  removed  in  the  filtrate. 

Notes.  If  the  filtrate  becomes  turbid,  it  is  advisable  to  dilute  the  solution  and 
repeat  the  boiling  to  recover  the  columbium  and  tantalum  that  may  still  be  in  solution. 

In  the  presence  of  appreciable  amounts  of  titanium  a  soluble  double  chloride 
of  columbimn  and  titanium  is  formed,  so  that  the  precipitation  of  columbium 

1 E.  S.  Simpson,  Chem.  News,  99,  243, 1909. 
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is  not  complete.  (See  L.  Weiss  and  Landecker,  Chem.  News,  101,  2,  13,  26, 
1910.)  The  formation  of  this  compound  is  hindered  by  the  addition  of  an 
oxidizing  agent — sodiimi  nitrate — to  the  alkali. 

Removal  of  Tin,  Antimony,  Tungsten  and  Silica.  Tungsten  is  removed 
by  digesting  the  moist  precipitate  with  ammonium  hydroxide  or  sulphide,  tungsten 
being  soluble  in  these  reagents.    Antimony  and  Tin  are  also  removed. 

Silica  is  volatilized  by  heating  the  residue  with  sulphuric  and  hydrofluoric 
acids  according  to  the  standard  procedure. 

Tin.  The  oxide  may  be  reduced  with  hydrogen  passed  over  the  heated 
residue  within  a  boat  placed  in  a  combustion  tube.  The  tin  may  now  be  dissolved 
out  with  hydrochloric  acid. 

Determination  of  Columbium  and  Tantalum 

The  insoluble  residue  obtained,  freed  from  other  elmeents  by  the  procedures 
outlined,  is  ignited  at  a  red  heat  for  fifteen  or  twenty  minutes  and  the  residue 
weighed  as  CbjOs+TajO*. 


URANIUM 

Wilfred  \V.  Scott 

Utae.ire.238^;  sp.gr.  18.7;  m.p.  <1850''C.;^  oxides  VOu  VOz^ 
(oxide  UiOg,  formed  by  iVn/ffon^UOz+^UO,) 

DETECTION 

The  mineral  is  wanned  with  a  slight  excess  of  nitric  acid  (1:1)  until  decom- 
position is  complete.  The  solution  is  diluted  with  water  and  then  an  excess  of 
sodium  carbonate  added  and  the  mixture  boiled  and  filtered.  Sufficient  nitric 
acid  is  added  to  neutralize  the  carbonate,  and  after  expelling  the  COs  by  boil- 
ing, sodium  hydroxide  is  added  to  the  filtrate.  A  yellow  precipitate  is  formed 
in  presence  of  uranium.  The  precipitate  is  insoluble  in  an  excess  of  the  reagent, 
but  dissolves  in  the  ammonium  carbonate. 

Urarums  salts  are  green  or  blue  and  form  green  or  bluish-green  solutions, 
from  which  alkalies  precipitate  uranous  hydroxide,  reddish  brown,  insoluble  in 
excess,  but  readily  dissolved  by  ammonimn  carbonate.  Uranous  salts  are  strong 
reducing  agents. 

Uranyl  salts  (UOs-Rt)  are  yellow.  Alkali  carbonates  give  a  yellow  precipitate, 
soluble  in  excess.  UO2  is  regarded  as  a  basic  radical,  known  as  '*  uranyl."  The 
radical  migrates  to  the  cathode,  upon  electrolysis  of  a  uranyl  solution.  Uranyl 
salts  are  more  stable  than  uranous  and  are  better  known. 


ESTIMATION 

The  element  occurs  in  the  following  minerals:  • 

Pitchblende,  or  uraninite,  containing  40  to  90%  UsOg. 

Autunite,  CaCUOOaP^Os-SHjO,  contains  55  to  62%  UO,. 

Torbemite,  CuCUOOi-PsOs-SHjO,  contains  57  to  62%  UO,. 

Camotite,  a  vanadate  of  potassium  and  uranium,  VaO&'UaOi-KiO'SHiO. 

Samarskite,  a  urano-tantalate  of  iron  and  yttriima,  etc.,  10  to  13%  UOj. 

Fergusonite,  a  columbate  of  cerium,  uranium,  yttrium,  calcium  and  iron. 

Nearly  all  the  silicates,  phosphates  and  zirconates  of  the  rare  earths  contain 
uranium. 

The  element  is  used  in  the  ceramic  industry  for  producing  yellow,  brown,  gray, 
and  velvety-black  tints.  It  produces  canary-yellow  glass.  It  is  used  as  a  mor- 
dant in  dyeing  of  silk  and  wool.  It  also  finds  use  in  photography.  The  metal  is 
used  in  cigarette-lighters  and  self-lighting  burners. 

» Circular  35  (2d  Ed.),  U.  S.  Bureau  of  Standards. 

•Thorp,  "Dictionary  of  Applied  Chemistry,"  Lonnnans,  Green  &  Co.  Cahcn 
and  Wootten,  "  The  Mineralogy  of*  the  Rarer  Metak,"  Chas.  Griffin  &  Co.  and  J.  B. 
Lippincott  Co. 
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Preparation  and  Solution  of  the  Sample 

The  element  dissolves  in  hydrochloric  and  in  sulphuric  acids;  less  readily  in 
nitric  acid.    It  is  insoluble  in  alkaline  solutions. 

The  oxide,  UOi,  dissolves  in  nitric  acid  and  in  concentrated  sulphuric  acid. 

The  salts,  UF^  and  UOjCHPO^a '41120,  are  insoluble  in  water,  but  dissolve  in 
strong  mineral  acids. 

Solution  of  Ores.  One  gram  or  more  of  the  ore  is  dissolved  with  15  to  20  cc. 
of  aqua  regia,  by  placing  the  mixture  first  on  the  steam  bath  for  ten  to  fifteen 
minutes  and  then  gently  boiling  over  a  low  flame  or  on  the  hot  plate.  The  solu- 
tion is  taken  to  dryness,  silica  dehydrated  as  usual,  the  residue  treated  with  10 
cc.  of  hot  dilute  hydrochloric  acid  and  diluted  to  about  50  cc.  with  hot  water  and 
the  silica  filtered  off.  Uranium  passes  into  the  filtrate.  The  solution  is  now 
treated  as  directed  under  Separations.  If  much  silica  or  acid-insoluble  matter 
is  present,  this  should  be  treated  in  a  platinum  dish  with  strong  hydrofluoric  acid, 
and  evaporated  twice  on  the  steam  bath  with  hydrochloric  acid  to  expel  HF. 
The  residue,  dissolved  with  hydrochloric  acid  and  water,  is  added  to  the  first  por- 
tion of  solution  obtained. 

SEPARATIONS 

Separation  of  Uranium  from  Coppery  Lead,  Bismuth,  Arsenic,  Antimony 
and  the  Other  Members  of  the  Hydrogen  Sulphide  Group.  The  solution 
containing  uranium,  etc.,  having  an  acidity  of  about  5  cc.  strong  HCl  per  100  cc. 
of  solution,  is  saturated  with  hydrogen  sulphide  and  allowed  to  settle  and  again 
saturated  with  HsS.  The  sulphides  are  filtered  off  and  washed.  The  filtrate 
^d  washings  contain  the  uranium  that  was  present  in  the  sample. 

Separation  of  Uranium  from  Iron  and  from  Elements  Having  Water- 
insoluble  Carbonates.  The  filtrate  from  the  hydrogen  sulphide  group  is  con- 
5^entrated  to  about  150  cc,  and  15  cc.  of  hydrogen  peroxide  added.  The  solution 
^  now  neutralized  with  sodium  carbonate  and  about  3  grams  added  in  excess. 
After  boiling  for  about  twenty  minutes,  renewing  the  water  evaporated,  the 
hydroxide  of  iron,  insoluble  carbonates,  etc.,  are  filtered  off,  washed  with  hot 
"^ater  and  the  filtrate  set  aside  for  the  determination  of  uranium.  To  recover 
^y  occluded  uranium  the  precipitate  is  dissolved  in  just  sufficient  nitric  acid  to 
effect  solution,  and  iron  again  precipitated  by  addition  of  hydrogen  peroxide  and 
Sodium  carbonate  and  boiling  as  directed  above.  The  combined  filtrates  from 
this  precipitate  are  concentrated  to  about  250  cc. 

Separation  of  Uranium  from  Vanadium.  Procedure  1.  To  he  Used  in  the 
Determination  of  Uranium.  The  solution  obtained  as  directed,  under  the  previous 
sepiuution,  is  acidified  with  nitric  acid,  adding  a  slight  excess,  and  COs  exp>ellcd 
by  boiling.  The  acid  is  now  neutralized  with  ammonia  (a  slight  permanent  pre- 
cipitate appearing),  and  then  10  cc.  of  strong  nitric  acid  is  added  (total  volume 
about  280-300  cc).  Vanadium  is  now  precipitated  as  lead  vanadate  by  adding 
10  cc.  of  a  25%  solution  of  lead  acetate,  followed  by  sufficient  strong  ammonium 
acetate  solution  (1  vol.  strong  NH|OH-f-l  vol.  H:0-f- sufficient  glacial  acetic  acid 
to  neutralize  NH^OH)  to  neutralize  the  free  nitric  acid.  The  precipitated  vana- 
date, which  is  insoluble  in  the  acetic  acid  formed  by  the  reaction,  is  allowed  to 
settle  for  a  couple  of  hours  on  the  steam  bath  and  is  then  filtered  off  and  washed 
[ince,  the  uranium  passing  into  the  filtrate.    To  recover  any  occluded  uranium 
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the  precipitate  is  dissolved  in  the  least  amount  of  nitric  acid  required,  the  »olutiaii 
neutralized  with  ammonia,  diluted  to  about  100  cc.  and  5  cc.  nitric  acid  added 
followed  by  2  to  3  cc.  of  lead  acetate  solution.  The  vanadate  of  lead  is  ag^ 
precipitated  by  neutralizing  the  free  acid  with  anunonium  acetate.  The  vanadate 
is  filtered  off  and  washed  with  warm  water.  The  filtrate  containing  the  uranium 
is  concentrated  to  al)out  400  cc. 

In  order  to  remove  the  lead  present  in  the  filtrate,  due  to  the  excess  of  the 
acetate  reag(*nt,  about  10  cc.  of  strong  sulphuric  avid  are  added,  the  bulk  of  the 
lead  precipitated  as  the  sulphate  is  filtered  off,  and  the  PbS04  washed  with  coW 
water.  The  filtrate  is  neutralized  with  ammonia  and  freshly  prepared  (NH4)HS 
added  until  the  solution  apixjars  yellow  and  tlie  remaining  lead  and  all  the  uninium 
are  thrown  out  as  sulphides.  The  precipitate  is  allowed  to  settle  on  the  steam 
bath,  and  then  filtered  off  and  washed  with  a  small  amount  of  warm  water.  This 
is  now  dissolved  with  hot  dilute  nitric  acid  (1  :  2),  and  the  nitric  acid  then 
expelled  by  taking  the  solution  to  SOs  fumes  with  about  5  cc.  of  strong  sulphuric 
a(rid.  The  cooled  residue  is  taken  up  with  cold  water,  boiled  and  the  lead  sul- 
l)hftte  allowed  to  settle  until  the  solution  is  cold.  The  precipitate  is  filtered  off 
and  washed  with  water  slightly  acidified  with  sulphuric  acid.  Uranium  passes 
into  the  filtnitc.  If  Jiluniina  is  i)resent  in  the  sample  it  must  now  be  rcnio\'ed 
according  to  the  directions  following  Procedure  2,  before  precipitation  of 
uranium. 

Procedure  2.  To  be  Used  in  the  Volumetric  Determination  of  Uranium. 
The  s(»piirati()n  of  vanadium  from  uranium  may  be  effected  by  precipitation  d 
the  latter  as  a  phosphate  according  to  the  following  procedure.  The  soluticm  is 
heated  and  allowed  to  run  in  a  small  stream  through  a  funnel  with  con?tricted 
stem,  into  a  boiling  solution  of  15  grams  of  ammonium  acetate,  5  grams  of  micn)- 
cosmic  salt  dissolved  in  100  cc.  of  water  containing  about  5  cc.  of  glacial  acetic 
acid.  A  rod,  with  a  cu|>-shajx?d  tip,  i)laced  in  the  solution  prevents  bumpini^ 
The  mixture  is  allowed  to  boil  for  a  few  niinutes,  the  beaker  is  then  removed  from 
the  heat  and  the  precipitate  allowed  to  settle.  This  is  now  transferred  to  a  filter 
after  first  d(M*anting  off  the  clear  solution.  It  is  washed  once  with  hot  ynUit, 
then  washed  l)a('k  into  the  beaker  and  dissolved  in  a  small  amount  of  hot  dilute 
nitri(i  acid,  the  precipitate  clinp^ing  to  the  filter  being  dissolved  off  by  the  acid, 
which  Ls  allowed  to  run  through  the  filter  into  the  beaker.  This  nitric  acid  solu- 
tion containing  the  vanadium  is  diluted  to  alx>ut  75  cc.  and  the  uranium  (together 
with  aluminum  if  present)  again  ])recipitated  as  the  phosphate  according  to  the 
procedure  described.  The  precipitate  is  again  transferred  to  the  filter  pre>Tously 
used,  and  wivshcd  off  with  hot  water  four  or  five  thnes.  Vamidium  pa.««ses  into 
the  filtrate.  The*  phosphate  is  now  dissolved  off  the  filter  with  15  cc.  of  hot  dihrte 
sulphuric*  acid  (I  :  li),  and  uranium  determined  by  titration  with  pennang^nate 
according  to  the  directions  given  under  the  volumetric  method  described  later. 

I{em<tv(tl  of  Alumina  in  the  Grari metric  Method  fttr  Determining  Vraniuf^- 
Alumina  would  interfere  in  the  gravhnetric  method,  hence  its  removal  is  neccs- 
sjirv  if  prcscMit.  The  filtrate  obtained  after  removal  of  iron  and  freed  from  \'aDir 
diunx,  if  this  is  present  in  the  original  sample,  is  nearly  neutralized  with  ammonia. 
Now  sufHcic/it  ]M)wdcred  anunonium  carbonate  is  added  to  the  cooled  solutioD 
to  ])rccipitato  the  alumina  and  react  with  the  uraniunx,  and  about  2  grams  in 
excess.  If  the  precipitate  is  bulky  and  is  at  all  yellow,  it  is  dissolved  in  a  littk 
sulphuric  acid  and  again  precipitated  as  before.  The  aluminum  h>'droxide  is 
filtered  off  and  washed  with  hot  water.     Uranium  is  determined  in  the  filtrate. 


URANIUM  461 

GRAVIMETRIC    DETERMINATION    OF    URANIUM    AS    THE 

OXIDE,    U3O8 

Procedure.  The  filtrate  containing  the  uranium,  as  obtained  according  to 
the  method  given,  is  made  slightly  acid  with  hydrochloric  or  sulphuric  acid  and 
boiled  to  expel  the  COj.  Ammonium  hydroxide  (free  from  carbonate)  is  now 
added  in  slight  excess  and  the  solution  brought  to  boiling.  The  precipitate  is 
allowed  to  settle,  then  filtered  onto  filter  paper  or  into  a  weighed  Gocch  crucible 
and  washed  five  or  six  times  with  a  2%  solution  of  ammonium  nitrate  and  finally 
once  with  water.  It  is  now  dried  and  ignited  to  the  oxide  UjOg,  in  which  form  it 
is  weighed. 

U3O8X0.8482=U. 

Notes.  The  purity  of  the  oxide  may  be  ascertained  by  dissolving  in  HNOi  and 
testing  for  vanadium  with  UsOt  and  for  AlsOs  by  adding  (NH4)2COs. 

TreadweU  recommends  that  the  oxide  be  reduced  by  hydrogen  i)assed  over  the 
red-hot  residue,  the  brown  UO2  being  formed.  The  oxide  is  cooled  in  a  current  of 
hydrogen. 

VOLUMETRIC   DETERMINATION   OF   URANIUM  BY 

REDUCTION  AND  OXIDATION 

Introduction.  The  determination  of  uranium  by  oxidation  of  the  lower  oxide 
UOi  to  U0»  may  be  accomplished  with  great  accuracy  by  means  of  permanganate 
in  precisely  the  same  manner  as  in  the  determination  of  iron,  the  Jones  reductor 
being  used  for  the  reduction  of  the  uranic  salt  to  the  uranous  fonn.  The  metal 
must  be  in  solution  either  as  a  sulphate,  a  chloride  or  an  acetate,  but  not  as  a 
nitrate.  If  present  as  a  chloride  the  usual  preventative  solution  of  phosphoric 
acid  and  manganous  sulphate  solution  must  be  present  as  in  case  of  the  titration 
of  a  chloride  of  iron,  hence  a  sulphate  solution  is  to  be  preferred.  Although  the 
degree  of  reduction  varies  with  conditions,  it  is  found  that  with  brief  contact 
with  the  oxygen  of  the  air  the  oxide  UO2  is  formed. 

Procedure.  Solution.  The  method  for  preparation  of  the  sample,  isolation 
of  the  uranium,  has  been  given  under  Preparation  and  Solution  of  the  Sample 
and  Separations.  The  solution  from  the  ammonium  carbonate  precipitate  is 
acidified  with  sulphuric  acid  and  boiled  to  expel  the  COs. 

Reduction.  The  uranium  sulphate  solution,  diluted  to  a  volume  of  100  to 
150  cc,  containing  one-sixth  of  its  volume  of  sulphuric  acid,  is  heated  nearly  to 
lx>iling  and  the  organic  matter  that  may  be  present  oxidized  by  addition  of  just 
sufficient  potassium  permanganate  solution  to  produce  a  faint  pink  color.  Fifteen 
to  20  cc.  of  dilute  sulphuric  acid  are  passed  through  the  18-in.  colmnn  of  zinc  in 
the  Jones  reductor,  followed  by  the  hot  uranium  sulphate  solution,  flowing  very 
slowly,  fifteen  to  twenty-five  minutes  being  required  for  0.2  gram  uranic  oxide, 
thirty  to  forty  minutes  for  0.3  gram  of  the  oxide,  care  being  taken  that  the  liquid 
in  the  reductor  always  covers  the  zinc*  The  uranic  solution  is  followed  by  10  to 
15  cc.  of  dilute  1  :  6  solution  of  sulphuric  acid. 

'  Oxidation  of  lower  oxides  by  air  to  UOj".  O.  S.  Pulman,  Jr.  Am.  Jour.  So.  (4), 
1«,  229. 

*  Hydrogen  dioxide  formed  by  nascent  hydrogen  in  contact  with  air  would  vitiate 
results. — Gooch. 


462  URANIUM 

Titration.  The  olive-green  solution  is  poured  into  a  beaker  or  casserole. 
The  lower  oxides  are  immediately  oxidized  to  UOt  by  the  air,  as  seen  by  the  slight 
change  of  color  to  sea  green.  The  hot  solution  is  now  titrated  with  tenth  nonaal 
permanganate.  The  solution  during  titration  gradually  becomes  more  and  more 
yellowish  green,  as  the  highest  oxidation  is  approached,  until  a  faint  pink  color 
is  obtained.    With  large  amounts  of  uranium  the  color  appears  a  3rellowish  pink* 

One  cc.  N/10  KMnO*  =0.11925  gram  U. 
Note.    55.85  grams  Fe  is  equivalent  to  119.25  grams  U. — Sutton. 
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V,  at.wt.  51.0;  sp.gr.  6.095;  m.p.  ITaO**  C.;^  oxides  V,0,  V,0„2  V,0„  VjO*, 
VtOi;  vanadates — meta  NaVOi,  ortho  NshVO^^  pyro  NaAVsO?,  tetra 
NasHV«Oi7,  hexa  NasHiVcOn. 

DETECTION 

Ammonium  Sulphide  or  Hydrogen  Sulphide  passed  into  an  ammoniacal 
solution  of  vanadium  precipitates  brown  YSi,  soluble  in  an  excess  of  alkali  sul- 
phide and  in  alkalies,  forming  the  brownish-red  thio-  solution,  from  which  the 
sulphide  may  be  reprecipitated  by  acids. 

Reducing  Agents.  Metallic  zinc,  sulphites  (SOO*  oxalic  acid,  tartaric  acid, 
sugar,  alcohol,  hydrogen  sulphide,  hydrochloric  acid,  hydrobromic  and  hydriodic 
acids  (KI)  reduce  the  acid  solutions  of  vanadates  with  formation  of  a  blue-colored 
hquid.'     (See  Volumetric  Methods.)     Reduction  is  hastened  by  heating. 

Hydrogen  Peroxide  added  to  a  cold  acid  solution  of  vanadium  produces  a 
brown  color,  changing  to  blue  upon  application  of  heat. 

Solid  Ammonium  Chloride  added  to  a  neutral  or  slightly  alkaline  solution 
of  a  vanadate  precipitates  the  colorless,  crystalline  salt,  NH4V0»,  insoluble  in 
ammonium  chloride.  The  ammonium  metavanadate  ignited  is  decomposed, 
ammonia  volatilizing  and  the  red  pentoxide  of  vanadium  remaining  as  a  residue. 
FiO»  is  distinguished  from  Fe/)%  by  the  fact  that  it  fuses  very  readily  with  the 
heat  of  Bunsen  burner,  whereas  the  oxide  of  iron,  Fe203,  is  injfusible  in  the  heat 
of  a  blast  lamp.    M.p.  VA  =658**  C. ;  m.p.  FejO,  =  IMS'*  C. 

Comparison  of  Vanadium  and  Chromium  Salts.  Vanadium,  like  chromium, 
forms  a  soluble  salt  upon  fusion  with  sodium  carbonate  and  potassium  nitrate,  or 
with  sodium  peroxide.  The  solution  of  ortho,  tetra  and  hexa  vanadate  and  those 
of  chromates  are  yellow  or  orange;  the  color  of  the  chromate,  however,  becom,es 
more  intense  when  acidified,  whereas  that  of  the  vanadate  is  reduced.  The 
lead  and  barium  salts  precipitated  from  neutral  or  slightly  acetic  acid  solution 
are  similar  in  appearance.  A  greater  contrast  exists  between  the  mercurous 
and  silver  salts.  Silver  nitrate,  for  example,  produces  a  dark-maroon  precipitate 
with  a  soluble  chromate  and  an  orange-colored  precipitate  with  a  vanadat3; 
mercurous  nitrate  produces  a  red-colored  precipitate  with  chromates  and  a  yellow 
with  vanadates.  Vanadates  are  best  distinguished  from  chromates  by  the  reduction 
test;  reducing  agents  such  as  a  soluble  sulphite,  or  sulphurous  acid  added  to  acid 
solutions,  form  a  blue-colored  liquid  with  vanadates  and  a  green  color  with  chromates. 
Ammonium  hydroxide  added  in  excess  of  the  cold  reduced  solutions  gives  a  brown 

» Circular  35  (2d  Ed.),  U.  S.  Biu^u  of  Standards. 

*  VjOt  forms  vanadyl  salts. 

'  Reduction  with  zinc  is  rapid  with  vanadates,  much  less  vigorous  with  chromates. 
ViOi  reduced  to  VjOj,  color  cnanges  to  blue,  green,  lavender  and  finally  violet.  SOj 
or  HiS  reduces  VjOs  to  V2O4. 
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color,  or  a  brown  to  dirty  green  precipitate  with  vanadium,  and  violet  or  lavender 
color  or  a  light  green-colored  precipitate  with  chromiuniy  depending  upon  the  con- 
centration of  the  solutions.  Hydrogen  peroxide  added  to  the  reduced  cold  acid 
solutions  changes  the  vanadium  blue  to  reddish  brown;  the  chromium  green 
remains  unchanged. 

Detection  of  Vanadium  in  Steel.  Five  grams  of  the  sample  are  dissolved 
in  dilute  nitric  acid,  the  nitrous  fumes  boiled  off,  the  solution  cooled,  and  an 
excess  of  sodium  bismuthate  added.  After  filtering  through  an  asbestos  filter 
an  excess  of  concentrated  ferrous  sulphate  solution  is  added,  and  the  solution 
divided  into  two  equal  parts  in  test-tubes.  To  one  portion  10  cc.  of  hydrogen 
jjeroxide  are  added  and  to  the  other  10  cc.  of  water.  If  vanadium  is  present  the 
pcn>xide  solution  will  show  a  deeper  color  than  the  untreated  solution.  A  deep 
red  color  is  produced  with  high  vanadium  steels  and  a  brownish-red  with  low. 
Since  titanium  also  causes  this  color,  it  would  interfere,  if  it  were  not  for  the 
fact  that  the  color  produced  with  titanium  is  destroyed  by  hydrofluoric  acid  and 
fluorides,  whereas  that  of  vanadium  is  not.  In  presence  of  titanium,  5  cc.  of  hydro- 
fluoric acid  are  added  to  the  treated  sample. 

The  broAiii  color  produced  by  hydrogen  peroxide,  with  vaimdium.  solutioDS, 
will  remain  in  the  water  portion  when  shaken  with  ether.  The  ether  layer  is 
colored  a  transient  blue  in  presence  of  chromium. 

ESTIMATION 

The  materials  in  which  the  estimation  of  vanadium  is  desired  may  be  sur- 
mised from  the  folhrning  facts:  Industrial  application.  Vanadium  is  used  in 
special  iron  and  steel  alloys.  It  increases  the  strength  of  steel  as  well  as  the 
compression  power,  without  loss  of  hardness,  and  increases  the  resistance  to 
abrasion;  hence  vanadium,  steels  are  used  in  locomotive  and  automobile  cylinder, 
pistons,  bushhigs  and  in  all  parts  of  machines  subject  to  jar.  It  is  used  in  high- 
speed tools,  vanadium  bronzes  for  gears,  trolley  wheels,  etc.  It  is  used  in  indelible 
inks,  and  in  the  form  of  alkali  vanadates  and  hypovanadates  it  serves  as  ft 
mordant  for  aniline  l)lack  on  silk,  for  calico  pnnting  and  like  uses.  Vanadium 
salts  are  used  in  ceramics  where  a  golden  glaze  is  desired. 

The  element  occurs  widely  distributed  in  minute  quantities.  It  is  found  in 
iron  ores,  hence  occurs  in  blast-furnace  slags  as  the  oxide,  VtO».  The  princip*! 
ores  an^: 

Patromte,  a  sulphide  of  vanadium  containing  28  to  34%  VjO»,  associated  with 
pyrites  and  carbonaceous  n\atter;  the  prhicipal  source  of  vanadium. 

Vanadhntc,  (PbCl)Pb4(V04)3,  containing  8  to  21%  V^Os. 

Carnotite,  K2()-2U02.V206 -311,0,  contaiiLs  19  to  20%  V,0». 

Deschizik,  (PbZn)2NV06,  contains  20  to  22%  VjO*. 

Roscoclite,  a  vanadium  mica  with  variable  composition. 

EusyncliitCy  contains  17  to  24%,  V2O4. 

Cupnxkscloizite,  (PbZnCu)2(OH)V04,  contains  17  to  22%  V,0,. 

Calcum^Ihorthitc,  (CuCa)2(OH)V04,  contains  37  to  39%  VjO*. 

Vnnadiutn  occurs  in  ores  of  copper  and  lead,  it  is  present  in  certain  clays  and 
basalts,  in  soda  ash,  phosphate  soda,  and  in  some  hard  coals. 
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Preparation  and  Solution  of  the  Sample 

In  decompositon  of  the  material  for  analysis  the  following  facts  regarding 
the  solubility  of  the  metal,  its  oxides  and  principal  salts,  will  be  helpful: 

Element.  The  metal  is  not  attacked  by  aqueous  alkalies,  but  is  soluble  by 
fusion  with  potassium  or  sodium  hydroxide,  and  sodium  carbonate  containing 
potassium  nitrate.  It  is  insoluble  in  dilute  hydrochloric  and  sulphuric  acids. 
It  dissolves  in  concentrated  sulphuric  acid  and  in  dilute  and  concentrated  nitric 
acid  forming  blue  solutions. 

Oxides.  V2OS  is  easily  soluble  in  dilute  acids,  giving  a  lavender-colored 
solution. 

VsOs  is  insoluble  in  hydrochloric  and  sulphuric  acids,  and  in  alkali  solutions. 
It  dissolves  in  hydrofluoric  acid,  and  in  nitric  acid. 

VzOi  is  easily  soluble  in  acids,  forming  blue-colored  solutions.  It  dissolves 
in  alkali  solutions. 

VsOs  is  soluble  in  acids,  alkali  hydroxide  and  carbonate  solutions.  Insoluble 
in  alcohol  and  acetic  acid. 

Salts.  Anunonium  meta  vanadate,  NH4yOs,  is  slightly  soluble  in  cold  water, 
readily  soluble  in  hot  water.  The  presence  of  ammonium  chloride  renders  the 
salt  less  soluble.  The  vanadates  of  lead,  mercury  and  silver  are  difficultly  soluble 
in  water.  These  are  dissolved,  or  are  transposed  by  mineral  acids,  the  vanadium 
going  into  solution;  i.e.,  lead  vanadate  treated  with  sulphuric  acid  precipitates 
lead  sulphate  and  vanadic  acid  passes  into  solution. 

General  Procedure  for  Decomposition  of  Ores.  One  gram  (or  more)  of  the 
finely  di\dded  material  is  placed  in  a  large  platinum  crucible  together  with  five 
times  its  weight  of  a  mixture  of  sodium  carbonate  and  potassium  nitrate 
(XajCO»  =  10,  KNOj-1).  The  product  is  heated  to  fusion  over  a  blast  lamp 
and,  when  molten,  about  0.5  to  1  gram  more  of  the  nitrate  added  in  small  por- 
tions. (Caution — platinum  is  attacked  by  KNOa.  A  large  excess  of  NaaCO* 
tends  to  prevent  this.)  The  material  should  be  kept  in  quiet  fusion  for  ten  to 
fifteen  minutes,  when  most  of  the  ores  will  be  completely  decomposed.  The 
cooled  fusion  is  extracted  with  boiling  water,  whereby  the  vanadium  goes  into 
solution.  Arsenic,  antimony,  phosphorus,  molybdenum,  tungsten  and  chromium 
pass  into  solution  with  the  vanadium.  These  must  be  removed  in  the  gravimetric 
detennination  of  this  element.     (Iron  remains  insoluble  in  the  water  extract.) 

Should  there  be  any  undecomposed  ore,  the  residue  from  the  water  extract 
will  be  gritty.  If  this  is  the  case,  a  second  fusion  with  the  above  fusion  mixture 
should  be  made. 

Small  amounts  of  occluded  vanadium  may  be  recovered  from  the  water-insol- 
uble residue  by  dissolving  this  in  nitric  acid  and  pouring  the  solution  into  a 
boiling  solution  of  sodium  hydroxide.    Vanadium  remains  in  solution. 

Vanadium  may  be  determined  volumetrically  after  removal  of  the  hydrogen 
sulphide  group,  by  titration  with  potassium  permanganate  according  to  the 
procedure  given  later.  The  isolation  and  determination  of  vanadium  by  the 
gravimetric  procedures  are  given  in  detail  later. 

Ores  and  Material  Hig^  in  Silica.  The  sample  is  treated  in  a  platinum  dish 
with  about  ten  times  its  weight  of  hydrofluoric  acid  (10  to  50  cc.)  and  2  to  5  cc. 
of  strong  sulphuric  acid.  The  silica  is  expelled  as  SiF4  and  the  hydrofluoric  acid 
driven  off  by  taking  the  solution  to  SOs  fumes.  The  residue  is  extracted  with  hot 
water  containing  a  little  sulphuric  acid.    Any  undissolved  residue  may  be  brought 
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into  solution  by  fusion  with  potassium  acid  sulphate,  KHSO4,  and  extraction  with 
hot  water  containing  a  little  sulphuric  acid.  By  this  treatment  the  iron  passes 
into  solution  with  vanadium. 

Products  Low  in  Silica.  Decomposition  may  be  effected  by  fusion  in  a  nickel 
crucible  with  sodium  peroxide  and  extraction  with  water.  The  water  should  be 
added  cautiously,  as  the  reaction  is  vigorous.  One  gram  of  the  finely  divided  ore 
is  intimately  mixed  with  3  to  4  grams  of  Na^Os  and  1  gram  of  the  peroxide  placed 
on  the  charge.    The  material  is  then  fused  as  stated.* 

Iron  and  Steel.  The  solution  of  the  sample,  isolation  of  vanadium  and  its 
volumetric  determination  are  given  at  the  close  of  the  chapter. 

Alloys.  These  may  be  decomposed  with  nitric  acid,  or  aqua  regia.  Tbe 
isolation  of  vanadium  with  mercurous  nitrate  or  lead  acetate  are  given  under  the 
gravimetric  methods. 

SEPARATIONS 

Fusion  w^ith  sodium  carbonate  and  potassium  nitrate  and  extraction  of  the 
melt  with  water  effect  a  separation  of  vanadium  from  most  of  the  metals,  which 
remain  insoluble  as  carbonates  or  oxides.  Arsenic,  molybdenum.,  tungsten, 
chromium  and  phosphorus,  however,  pass  into  the  filtrate  with  vanadium. 

Removal  of  Arsenic.  This  element  generally  occurs  in  vanadium  ores.  It 
may  be  removed  when  desired,  by  acidifying  the  water  extract  of  the  fusion  with 
sulphuric  acid,  and  after  reducing  arsenic  with  SOj,  precipitating  the  sulphide, 
AS2S3  with  H2S  gas.     Vanadium  passes  into  the  filtrate. 

Removal  of  Molybdenum.  The  procedure  is  similar  to  that  used  for  arsenic, 
with  the  exception  that  the  sulphide  of  molybdenum  is  best  precipitated  under 
pressure.  The  solution  in  a  pressure  flask  is  treated  with  HjS.  The  flask  is 
stoppered  and  heated  in  the  steam  bath.  It  is  advisable  to  resaturate  the  solu- 
tion with  H2S  before  filtering  off  the  sulphide. 

Separation  from  Phosphoric  Acid.  In  the  gravimetric  procedure  phosphonis 
and  vanadium  arc  precipitated  together  lis  mercuric  vanadate  and  phosphate. 
The  mcrcur\'  is  expelled  by  heat  and  the  oxides  VjOs  and  PjO*  weighed.  (A'A  ^ 
presence  of  P2O6  does  not  melt  as  it  does  in  pure  form,  but  only  sinters.)  The 
oxides  are  fused  with  an  ecjual  weight  of  sodium  carbonate,  the  melt  dissolved 
in  water,  then  acidified  with  sulphuric  acid  and  vanadium  reduced  to  the  vanad)'l 
condition  by  SO2  gas.  The  excess  of  SO2  is  expelled  by  boilmg  and  passing  in 
COi.  Phosphoric  acid  is  now  precipitated  with  ammonium  molybdate  (50  cc. 
of  a  solution  contaniing  75  grams  ammonium  molybdate  dissolved  in  500  cc.  of 
water  and  ])<)ured  into  500  cc.  nitric  acid — sp.  gr.  1 .2)  in  presence  of  a  large  amount 
of  anunoniuni  nitrate  and  a  little  free  nitric  acid.  It  is  advisable  to  dissolve  the 
l)recipitate  in  anunonia  and  reprecipitate  in  presence  of  additional  ammonium 
nu)lyb(late  and  nitrate  by  acidifying  with  nitric  acid.  The  equivalent  PA  ^ 
deducted  from  the  weight  of  the  combined  oxides,  the  difference  being  due  to 

Note.    Vanadium  nuist  })e  c(>iii])letely  reduced  to  the  vanadyl  form,  as  vanadic  arid 
will  })recii)i<atc  with  ])hos])horic  acid. 

^  Direct  reduction  and  titration  of  vanadium  in  presence  of  a  large  accumulation  of 
salts  leads  to  erroneous  results.    The  vanadium  should  be  separated  by  precipitatioa 

with  lead  acetate. 
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Separation  of  Vanadium  and  Chromium.  A  volumetric  procedure  for  deter- 
mining vanadium  and  chromium  in  the  presence  of  one  another  is  given.  If  a 
separation  is  desired  the  following  procedures  may  be  used: 

A,  The  solution  is  acidified  with  nitric  acid.  If  hydrochloric  acid  is  present 
it  is  expelled  by  taking  to  near  dryness  twice  with  nitric  acid,  the  residue  is  taken 
up  with  water  and  SOi  gas  passed  in  to  completely  reduce  the  vanadium.  This 
solution  is  poured  into  a  boiling  solution  of  10%  sodium  hydroxide.  After  boiling 
a  few  minutes,  the  solution  is  filtered  and  the  residue  washed.  The  filtrate  con- 
tains vanadium,  the  residue  chromium.  It  is  advisable  to  pour  the  filtrate  into 
additional  caustic  to  remove  the  small  amount  of  chromium  that  passes  into 
the  solution. 

B.  One  hundred  cc.  of  the  neutral  solution  is  made  acid  with-about  15  cc.  of 
glacial  acetic  acid  and  hydrogen  peroxide  added.  The  solution  is  boiled  for  a  few 
minutes.  Chromium  is  thereby  reduced  to  CrjO»,  whereas  vanadium  appears  as 
VjOi.  Lead  acetate  will  now  precipitate  lead  vanadate,  the  reduced  chromium 
remaining  in  solution.  The  lead  vanadate  now  treated  \\ith  strong  sulphuric 
acid  is  decomposed  upon  heating.  Addition  of  water  precipitates  PbSOi,  the 
vanadium  remaining  in  solution. 


QRAVIMETRIC  METHODS 

The  following  procedures  presuppose  that  vanadium  is  present  in  the  solution 
as  an  alkali  vanadate,  the  form  in  which  it  occurs  in  the  water  extract  from  a 
fusion  with  sodium  carbonate  and  potassium  nitrate,  as  is  described  in  the  method 
of  solution  of  ores  containing  vanadium.  -  Chromium,  arsenic,  phosphorus,  molyb- 
denum and  tungsten,  if  present  in  the  ore  will  be  found  in  this  solution. 

Mercurous  Nitrate  Method  for  Determination  of  Vanadium — 

Qravimetric  ^ 

Principle.  A  nearly  neutral  solution  of  mercurous  nitrate  precipitates 
vanadium  completely  from  its  solution.  The  dried  precipitate  ignited  forms 
the  oxide,  VjO*,  mercury  being  volatilized. 

Procedure.  To  the  alkaline  solution  or  an  aliquot  portion  of  the  water 
extract  from  the  sodium  carbonate  potassium  nitrate  fusion  nearly  neutralized  with 
nitric  acid  '  (the  solution  should  remain  slightly  alkaline)  is  added  drop  by  drop, 
a  nearly  neutral  solution  of  mercurous  nitrate  in  slight  excess  of  that  necessary  to 
precipitate  completely  the  vanadium  present,  as  may  be  determined  by  allowing 
the  precipitate  to  settle  and  adding  a  few  drops  more  of  the  reagent.  The  mixture 
is  heated  to  boiling  and  then  placed  on  the  water  bath  or  steam  plate  and  the  gray- 
colored  precipitate  allowed  to  settle.    The  precipitate  is  washed  several  times 

^  Method  of  Rose. 

*  Should  the  alkaline  solution  of  the  vanadate  be  made  acid,  nitrous  acid,  from 
the  nitrate  fusion,  will  be  liberated  and  cause  reduction  of  the  vanadate  to  the  vanadvl 
Bait,  in  which  form  it  is  not  precipitated  by  mercurous  nitrate;  hence  great  care  should 
be  used  in  neutralizing  the  alkaline  solution  to  avoid  niaking  it  acid.  It  is  a  good  prac- 
tice to  measure  the  acid  added,  having  determined  on  an  aliquot  portion  the  amount 
necessary  to  add  to  neutralize  the  solution.  This  is  readily  accomplished  when  a 
comparatively  Large  sample  has  been  prepared  for  analysis  and  an  aliquot  portion 
taken  for  analysis,  several  determinations  being  made  on  the  same  fusion. 
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with  water  containing  a  few  drops  of  mercurous  nitrate,  washing  once  or  twiee 
by  decantation  and  finally  on  the  filter  paper.  The  precipitate  is  dried,  then 
ignited  in  a  porcelain  crucible  in  a  hood  over  a  Bunsen  burner  to  a  red  heat.  The 
fused  red  residue  is  V2O6. 

V2O6X0.5604=V. 

Qravimetric  Method  of  Determining.  Vanadium  by  Precipitation 

with  Lead  Acetate^ 

Principle.  From  a  weakly  acetic  acid  solution,  vanadium  is  quantitatively 
precipitated  by  lead  acetate.  The  precipitate  is  dissolved  in  nitric  acid,  lead 
removed  as  a  sulphate,  and  vanadium  determined  in  the  filtrate  by  taking  to 
dryness  and  igniting  to  the  oxide,  V2O5. 

Procedure.  To  the  alkaline  solution  or  an  aliquot  portion  obtained  by 
extraction  of  the  carbonate  fusion  of  the  ore  with  water,  just  sufficient  amount 
of  nitric  acid  is  added  to  nearly  neutralize  the  alkali  present,  as  in  the  case  of 
the  method  described  for  precipitation  of  vanadium  by  mercurous  nitrate,  and 
then  a  10%  solution  of  lead  acetate  is  added  in  slight  excess  with  continuous 
stirring.  The  precipitate  is  allowed  to  settle  on  the  steam  bath.  The  vanadate, 
first  appearing  orange  colored,  will  fade  to  white  upon  standing.  The  lead  vana- 
date is  filtered  and  washed  free  of  the  excess  of  lead  acetate  with  water  containing 
acetic  acid.  The  precipitate  is  washed  into  a  porcelain  dish  with  a  little  dilute 
nitric  acid,  and  brought  into  solution  by  warming  the  lead  salt  with  nitric  arid. 
To  this,  the  ash  of  the  incinerated  filter  is  added.  Sufficient  sulphuric  acid  is 
added  to  precipitate  completely  the  lead,  and  the  solution  taken  to  small  volume 
on  the  water  bath  and  then  to  SO3  fumes,  but  not  to  dryness.  About  100  cc.  of 
water  are  added  and  the  mix-ture  filtered;  lead  sulphate  will  remain  upon  the  filter 
and  the  vanadium  will  be  in  solution.  The  lead  sulphate  is  washed  free  of 
vanadium  (i.e.,  until  the  washings  no  longer  give  a  brown  color  with  hj'drogen 
peroxide). 

The  filtrate  containing  all  the  vanadium  is  evaporated  to  small  volume  in  the 
porcelain  dish,  then  transferred  to  a  weighed  platinum  crucible  and  evaporated 
to  dr>'ncss  on  the  water  bath  and  finally  the  residue  (ViO#)  heated  to  a  dull  red- 
ness over  a  Bunsen  flame. 

V2O6X0.5C04=V. 

Notes.  Lead  may  be  separated  from  the  vanadium  by  passing  HjS  tbrouf^  the 
nitric  acid  solution,  the  excess  of  HjS  volatilized  by  boiling  and  the  liberated  sulpouf 
filtered  off.  The  filtrate  is  evaporated  to  drj'ness  and  the  vanadium  ignited  with  a 
few  drops  of  nitric  acid  to  the  oxide  \i(\. 

Lead  may  also  be  sei)arated  as  lead  chloride  in  the  presence  of  alcohol,  the  9o«J 
tion  taken  to  dryness  and  vanadium  oxidized  by  addition  of  nitric  acid  and  igu^*' 
to  ViOj. 

*  Method  by  Roscoe,  Ann.  Cheni.  Pharm.,  Sui)i)lement  8,  102,  1S7-. 
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VOLUMETRIC  PROCEDURES  FOR  THE  DETERMINATION 

OF  VANADIUM 

Reduction  of  the  Vanadate,  V2O5,  to  Vanadyl  Condition,  V2O4, 
and  Reoxidation  with  Potassium  Permanganate 

Principle.  Vanadium  in  solution  as  a  vanadate  is  reduced  to  the  vanadyl  salt 
by  HjS  or  SOj,  the  excess  of  the  reducing  agent  expelled  and  the  solution  titrated 
with  standard  KMnOi,  vanadium  being  oxidized  to  its  highest  form,  VjOj. 

Reactions,    a.  V,06-|-S02=V204+SO,.    6.  V204+0=Vj06.    Hence 

N/10  sol.  = — '-—^ —  grams  to  the  liter. 

Procedure.  An  aliquot  portion  of  the  solution  containing  vanadium,  as 
obtained  by  one  of  the  procedures  given  for  the  solution  of  the  sample,  is  taken 
for  analysis;  dilute  sulphuric  acid  (1  :  1 )  is  added  to  acid  reaction  and  5  cc.  of  acid 
per  100  cc.  of  solution  added  in  excess.  The  vanadium  content  should  be  not 
over  0.5  gram  V  when  a  tenth  normal  permanganate  is  used  for  the  titration. 
If  arsenic  or  molybdenum  is  present  these  may  be  removed  from  the  solution  by 
passing  in  H2S.  The  insoluble  sulphides  are  filtered  off  and  washed  with  HjS 
water.  The  filtrate  is  boiled  down  to  two-thirds  of  its  volume  and  the  sulphur 
filtered  off.  In  the  absence  of  members  of  the  H2S  group,  this  portion  of  the  pro- 
cedure is  omitted. 

Oxidation  with  KMn04.  The  solution  containing  the  vanadium  is  oxidized 
by  adding,  from  a  burette,  tenth  normal  potassium  permanganate  to  a  faint  per- 
manent pink.  If  the  solution  has  been  treated  with  HjS,  the  vanadium  is  in  the 
vanadyl  condition,  and  the  amount  of  permanganate  required  to  oxidize  the 
solution  completely  will  give  a  close  approximate  value  for  the  vanadium  present, 
each  cc.  of  N/10  KMnO*  being  equivalent  to  0.0051  gram  vanadium. 

Reduction.  The  vanadite  is  now  reduced  to  vanadyl  salt  by  passing  through 
the  acid  solution,  containing  approximately  5%  free  sulphuric  acid,  a  steady  stream 
of  SO2  gas.  Reduction  may  also  be  accomplished  by  adding  sodium  metabisul- 
phite,  or  sodium  sulphite,  to  the  acid  solution.  The  excess  SOj  is  now  removed 
by  boiling  (a  current  of  COj  passed  into  the  hot  solution  will  assist  in  the  com- 
plete expulsion  of  the  SOj). 

Note.    KMdOa  is  reduced  by  SOi. 

Test  for  Iron.  A  drop  test  with  potassium  ferricyanide,  K»Fe(CN)6,  on  a 
white  tile  will  give  a  blue  color  in  the  presence  of  ferrous  iron.  Since  ferrous 
|it)n  will  titrate  with  potassium  permanganate,  its  oxidation  is  necessary.  This 
^  accomplished  by  adding  tenth  normal  potassium  dichromate  solution  cau- 
^ously  to  the  cold  liquid  until  no  blue  color  is  produced  by  the  spot  test  with 
K«Fe(CN)«  outside  indicator.  If  the  sample  is  suflSciently  dilute,  the  blue  color 
^  the  vanadyl  solution  will  not  interfere  in  getting  the  point  where  the  iron  is 
?^inpletely  oxidized.  Care  must  be  taken  not  to  pass  this  end-point,  otherwise 
^^1  will  also  be  oxidized  and  the  results  will  be  low. 

^  Note.  The  action  of  the  dichromate  is  selective  to  the  extent  that  iron  is  first 
^^ized  and  then  VsOa.  If  the  amount  of  iron  present  is  large  a  separation  must 
^  effected.    In  case  a  sodium  carbonate  potassium  nitrate  fusion  has  been  made  and 
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vanadium  has  been  extracted  by  water,  iron  will  not  be  present.    A  special  procedure 
for  determination  of  vanadium  in  steel  is  given. 

Potassium  Permanganate  Titration.  N/10  KMn04  is  now  cautiously  added 
until  a  pink  color,  persisting  for  one  minute,  is  obtained.  During  the  titration 
the  solution  changes  from  a  blue  color  to  a  green,  then  a  yellow  and  finally  a  faint 
pink.    The  reaction  towards  the  end  is  apt  to  be  slow  if  made  in  a  cold  solution. 

Notes.  In  absence  of  chromiimi,  it  is  better  to  make  the  titration  in  a  hot  solu- 
tion, 60  to  80"^  C,  the  end-point  being  improved  by  heat.  In  case  an  excess  of  per- 
rranganate  has  been  added,  the  excess  may  be  determined  by  a  back  titration  with 
tenth  normal  thiosulphate.  The  solution  may  be  rerun,  if  desired,  by  repeating  the 
reduction  with  SOi  and  the  titration  with  KiCrjO?  and  KMnO^. 

One  cc.  N/10  KMn04  =0.0051  gram  V,  or  =0.00912  gram  V|0». 

For  solutions  containing  le^  than  0.5%  vanadium  a  weaker  permanganate  reagent 
should  be  used.  A  fiftieth  normal  permanganate  solution  will  be  found  to  be  UKful 
for  materials  low  in  vanadium. 

The  author  ootaincd  excellent  results  by  the  above  procedure  on  materials  ood- 
taining  small  amounts  of  iron  and  chromium;  with  amounts  equal  to  that  of  vaDadjam 
present  in  the  solution  no  interference  was  experienced.  The  titration  with  potaflamn 
permanganate  is  made  in  cold  solutions  if  chromium  is  present,  as  the  permanguiste 
will  oxidize  chromium  in  hot  solutions.  Potassium  permanganate  added  to  samptes 
containing  chromic  salts,  and  the  mixture  boiled^  will  oxidize  these  quantitatively  io 
chromates.  This  reaction  docs  not  take  place  m  cold  solutions  to  any  appreciable 
extent  during  a  titration  and  only  slowly  in  warm  solutions. 


Volumetric  Determination  of  Vanadium  by  Reduction  with 

Zinc  to  V2O2 

The  procedure  proposed  by  Oooch  and  Edgar  is  to  reduce  vanadic  acid,  in 
presence  of  sulphuric  acid,  by  zinc  to  the  oxide,  VjO^;  oxidation  of  the  unstable 
V2OJ  by  the  air  is  anticipated  by  means  of  ferric  chloride  or  sulphate,  in  the 
receiver  of  the  Jones  reductor,  the  highest  degree  of  reduction  being  registered 
by  the  ferrous  salt  fonued  by  the  reaction  of  the  reduced  vanadate  on  the  ferric 
salt,  i.e.,  V202+3Fe20»=6FeO+V2()6.  Compounds  reduced  by  zinc  and  oxi- 
dized by  KMnO*  must  be  absent  or  allowed  for. 

Procedure.  The  Jones  reductor  is  set  up  as  directed  in  the  procedure  for  the 
detennination  of  iron  by  zinc  reduction.  The  receiver  attached  to  the  tube  con- 
taining the  column  of  zinc  is  charged  with  a  solution  of  ferric  alum  in  considerable 
excess  of  that  recjuired  for  the  oxidation  of  the  reduced  vanadium.  (The  amal- 
gamated zinc  is  cleaned  by  passing  through  the  column,  a  dilute  solution  of  warm 
sulphuric  acid.  The  final  acid  wasliings  should  show  no  further  reducing  action 
on  pcnnimganat«  when  the  reductor  is  clean.)*  Gentle  suction  is  applied,  and 
through  the  column  of  clean  amalgamated  zinc  are  passed  in  succession — 100  cc. 
of  hot  water,  100  cc.  of  2.5%  sulphuric  acid,  and  then  the  solution  of  vanadic 
acid  diluted  to  25  cc.  in  a  2.5%  sulphuric  acid  solution,  and  finally  100  cc.  of  hat 

*  Corrections  should  he  made  for  the  action  of  line  upon  the  reagents  without 
the  vanadic  acids,  as  it  is  almost  impossible  to  get  a  condition  where  no  blank  ia 
obtained  with  permanganate.  The  nnlurtor  is  cleaned  first  by  passing  about  500  cc. 
of  dilute  2.5^t  sulphuric  acid  through  the  column  of  zinc.  A  blank  is  now  obtained 
with  the  same  quantity  of  reagents  as  is  used  in  the  regular  detennination,  onlv 
omitting  the  vanadium,  and  this  is  deducted  from  the  titration  obtained  for  each 
sam])Ie  reduced. 
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"water.    To  the  receiver  is  added  a  volume  of  4  cc.  of  syrupy  phosphoric  acid  to 
decolorize  the  solution.    The  reduced  iron  salt  is  now  titrated  with  N/10  KMnO*. 

One  cc.  N/10  KMn04  =0.0017  gram  V,  or    =0.00304  gram  VjO^. 

Determination  of  Vanadium  in  Steel 

The  following  method  is  used  in  analyzing  the  Bureau's  vanadium  and  chrome- 
vanadium  steels.  The  procedure  was  worked  out  by  J.  R.  Cain  and  L.  F.  Witmer 
of  the  U.  S.  Bureau  of  Standards. 

Five  to  10  grams  of  drillings  are  dissolved  in  hydrochloric  acid  (1  : 1),  a  few 
drops  of  hydrofluoric  are  added,  and  the  solution  is  boiled  for  a  few  minutes.  The 
insoluble  matter  is  filtered  off,  ignited,  fused  with  a  little  sodium  carbonate,  the 
fusion  dissolved  in  water  and  added  to  the  main  filtrate.  This  is  then  oxidized 
with  the  minimum  amount  of  nitric  acid  needed,  and  boiled  till  free  from  fumes. 
The  iron  is  extracted  with  ether  and  the  excess  of  ether  removed  from  the  aqueous 
layer  by  evaporation  on  the  steam  bath.  After  concentration  on  the  bath,  strong 
nitric  acid  is  added  to  the  solution  and  it  is  evaporated  to  dryness.  The  residue 
is  dissolved  in  strong  nitric  kcid,  the  solution  is  diluted  with  water  and  nearly 
neutralized  with  strong  sodium  hydroxide  solution.  It  is  then  poured  slowly 
into  150  to  200  cc.  of  a  10%  sodium  hydroxide  solution,  stirring  vigorously.  The 
solution  is  filtered,  and  the  series  of  operations  are  repeated  with  the  precipitate 
until  it  is  free  from  vanadium,  as  shown  by  dissolving  it  in  nitric  acid  and  testing 
with  hydrogen  peroxide.  In  the  latter  treatments  the  amount  of  sodium  hydrox- 
ide solution  used  may  be  smaller.  From  the  combined  filtrates  the  vanadium  is 
precipitated  with  mercurous  nitrate  solution,  after  making  nearly  but  not  quite 
neutral  with  dilute  nitric  acid.  After  settling,  the  precipitate  is  collected  on  paper 
and  washed  with  dilute  mercurous  nitrate  solution.  The  filter  is  burned  off  in 
a  platinum  crucible  and  the  precipitate  ignited  till  all  the  mercury  is  expelled. 
The  impure  vanadium  pentoxide  left  is  fused  with  a  little  sodium  carbonate,  the 
fusion  is  dissolved  in  water  and  filtered  (on  asbestos)  from  insoluble  matter.  A 
second  precipitation  with  mercurous  nitrate  is  then  made.  Sometimes  a  further 
fusion  and  precipitation  may  be  necessary  in  order  to  get  a  product  sufficiently 
pure  for  the  next  step,  which  is  a  final  fusion  with  sodium  carbonate.  The  fusion 
is  dissolved  in  dilute  sulphuric  acid  and  the  vanadium  is  reduced  by  sulphur 
dioxide  gas  and  titrated  against  N/50  permanganate  after  complete  expubion  of 
the  excess  of  reducing  agent. 

Volumetric  Determination  of  Molybdenum  and  Vanadium  in 

Presence  of  One  Another 

Sulphur  dioxide  reduces  VjOs  to  Vj04,  but  does  not  reduce  molybdic  acid 
provided  the  sample  contains  1  cc.  of  free  sulphuric  acid  per  50  cc.  of  solution  and 
not  more  than  0.2  gram  of  molybdic  acid.  By  means  of  amalgamated  zinc  V2O5 
is  reduced  to  VjOs  and  MoO»  to  MoiO».  Upon  these  two  reactions  the  deter- 
mination is  based  according  to  the  procedure  worked  out  by  Edgar.  ^  Details 
of  the  method  are  given  in  the  chapter  on  Molybdenum,  page  282. 

*  Graham,  Edxar,  Am.  Jour,  Sci.  (4),  26,  332.  Gooch,  "  Methods  in  Chemical 
Analysis/'  John  Wiley  &  Sons. 
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Volumetric  Determination  of  Vanadium,  Arsenic  or  Antimony 
in  Presence  of  One  Another.    Edgar's  Method  ^ 

Tartaric  or  oxalic  acid  reduces  VjO»  to  VjO*,  but  does  not  act  upon  araenic 
or  antimony.  On  the  other  hand  SOj  causes  the  reduction  of  all  three.  There- 
fore if  aliquot  portions  of  the  solution  are  taken,  one  portion  being  treated  with 
tartaric  acid  and  vanadium  determined  by  titration  with  iodine,  and  another 
portion  reduced  with  SO2  and  again  titrat^  with  iodine,  the  difference  between 
the  two  titrations  is  due  to  the  cc.  of  reagent  required  for  the  oxidation  of  the 
reduced  arsenic  or  antimony.* 

Reactions.    V204+It+H20  =  V2O6+2HI. 

As203+V204+3l2+3H,0=As,0»+VA+6HI. 
Sb20^+V,04+3I,+3H20=Sb,06+V20.+6HI. 

Vanadium.  One  portion  is  boiled  with  about  2  grams  of  tartaric  or  oxalie 
acid,  until  the  solution  turns  the  characteristic  blue  of  vanadium  tetroxide.  After 
cooling,  the  solution  is  nearly  neutralized  with  potassium  bicarbonate,  and  an 
excess  of  standard  iodine  solution  added.  Neutralization  is  now  completed, 
an  excess  of  bicarbonate  added,  and  after  fifteen  to  thirty  minutes  the  excess 
iodine  titrated  with  standard  arscnious  acid,  starch  being  used  as  an  indicator. 
This  titration  measures  the  vanadium  present. 

Arsenic  or  Antimony.  A  second  portion  of  the  solution  is  placed  in  a  prw- 
sure  flask  and  acidified  with  sulphuric  acid.  A  strong  solution  of  sulphurous  arid 
Ls  added,  the  flask  closed  and  heated  for  an  hour  on  the  steam  bath.  After  coolinfr 
the  flask  is  opened  and  the  solution  transferred  to  an  Erlenmeyer  flask  and  the 
excess  of  SO2  removed  by  boiling,  a  current  of  CO2  being  passed  through  the  Uquid. 
The  cooled  solution  is  treated  with  bicarbonate,  iodine  added  and  the  titration 
conducted  exactly  as  described  for  determination  of  vanadium  in  the  first  por- 
tion. The  diflfcrence  between  the  first  titration  and  the  second  is  a  measure  of 
the  cc.  recjuired  for  oxidation  of  arsenic  or  antimony. 


Determination  of  Vanadium  and  Iron  in  Presence  of  Each  Other 

The  solution  slightly  acidified  with  sulphuric  acid  is  treated  with  sulphurous 
acid,  the  excess  expelled  and  the  reduced  vanadium  and  iron  titrated  with  stand- 
ard potassium  permanganate.* 

lOFeO + 5  V,04 +OH2SO4 +4KMn04  =  5Fe2O3+5V2O»+2K,SO4+4MnSO4+6Hi0. 

The  solution  is  now  reduced  with  zinc  in  the  Jones  reductor  and  again  titrat€d 
with  permanganate. 2    V2O6  is  reduced  by  zinc  to  V2O2,  the  sample  being  caught 

H\.  Edgar,  Am.  Jour.  Sci.  (4),  27.  299. 

'Gooch,  **  Methods  of  Chemical  Analysis." 

'Graham,  Edgar,  Am.  Jour.  Sci.,  (4),  26,  79. 

Sec  Am.  .Tour.  Sci.,  (4),  27, 174,  also  Gooch,  "  Methods  in  Chemical  Analysis,"  p.  510, 
for  i)rocedure  determining  iron,  chromium  and  vanadium,  in  presence  of  one  anothef. 

*  When  the  color  has  changed  from  a  bluish-green  to  greenish-yellow  the  solutioa 
is  heated  to  70  to  80^  C.^  and  the  permanganate  titration  completed  in  a  hot  solution. 
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in  ferric  alum  solution  (details  for  delennining  of  vanadium  by  reduction  with 
ziDc  are  given  under  the  volumetric  methods  for  this  element). 

10FeO+5VA+12H.SO«+8KMnO.=5Fe^,+5V,0.+4K£0.+8MnS04+12H,0. 

The  difference  between  the  two  titrations  multiplied  by  0.00456  =vanadic 
acid  (\%0i)  originally  present. 


lodometric  Method  for  Estimation  of  Chromic  and  Vanadic  Acids 
in  Presence  of  One  Another 

The  followinR  procedure  developed  by  Edgar,'  is  given  by  Gooch  ("  Methods 
of  Chemical  Analysis  "). 

In  carrying  out  the  operation,  the  alkali  salts  of  the  chromic  and  vanadic  acid 
are  put  into  the  Voit  flask  of  the  distillation  apparatus  shown  in  the  cut,  Fig.  71. 
One  or  2  grams  of  potassium  bromide  are  added,  the  flask  is  connected  with 
the  absorption  apparatus  contain- 
ing a  solution  of  potassium  iodide 
made  alkaline  with  Bodium  car- 
bonate or  sodium  hydroxide,  and 
the  whole  apparatus  is  filled  with 
hydn^n  gas.  Fifteen  to  20  cc. 
of  concentrated  hydrochloric  acid 
are  added  through  the  separatory 
funnel  and  the  solution  is  boiled 
for  ten  minutes,  an  interval  of 
time  found  to  be  enough  for  the 
completion  of  the  reduction.  A 
eIow  current  of  hydrogen  is  main- 
tained to  avoid  back  suction  of 
the  liquid  from  the  Drexel  bottle. 
The  apparatus  is  disconnected, 
the  Voit  flask  placed  io  a  beaker 
containing  cold  water,  and  the 
alkaline  solution  in  the  absorption 
apparatus  cooled  by  running  water.  The  contents  of  the  trap  are  washed  into 
the  Drexel  bottle  and  the  solution  therein  is  made  slightly  acid  with  hydro- 
chloric acid.  The  liberated  iodine  is  titrated  with  approximately  N/10  stidium 
tbiosulphate  and  the  color  is  brought  back  by  a  drop  or  two  of  N/10  iodine  solu- 
tion, after  the  addition  of  starch. 

Alkaline  potassium  iodide  is  again  placed  in  the  absorption  apparatus  and  the 
latter  connected  with  the  Voit  flask.  The  current  of  hydrogen  is  turned  on  and, 
after  the  air  has  been  expelled,  the  apparatus  is  disconnected  momentarily,  1  or 
2grams  of  potassium  iodide  are  added  to  the  solution  in  the  Voit  flask,  and  con- 
necUons  made  again.  Through  the  separatory  funnel  10  cc.  to  lo  cc.  of  con- 
centrated hydrochloric  acid  and  3  cc.  of  syrupy  phosphoric  acid  are  added  and 
the  solution  in  the  reduction  flask  is  boiled  to  a  volume  of  10  cc.  to  12  cc.  The 
absorption  apparatus  is  removed  and  cooled,  hydrochloric  acid  is  added  and  the 
liberated  iodine  titrated  with  approximately  N/IO  sodium  tbiosulphate. 
1  Graham  Edgar,  Am.  Jour.  Sci.  (4),  Hi,  333. 


Fio.  71. 


474  VANADIUM 

The  iodine  determined  in  the  first  titration  corresponds  to  a  reduction  of  the 
chromic  and  vanadic  acids  according  to  the  equation 

V,06+2CrO,+8HBr-V,04+Cr,0,+4Br,+4HA 

while  in  the  second  case  the  iodine  corresponds  to  a  reduction  of  the  vanadium 
tetroxide  to  trioxide  as  indicated  in  the  equation 

V,04+2HI  =  V,0,+I,+HtO. 

The  second  titration,  therefore,  determines  the  vanadic  acid  present,  and  the 
difference  between  the  first  and  second  furnishes  the  necessary  data  for  the  cal- 
culation of  the  chromium. 

DETERMINATION  OF  VANADIUM  IN  FERRO=VANADIUM 
Standard  Methods  of  the  American  Vanadium  Company^ 

Dissolve  0.510  gram  of  the  alloy  (100  mesh)  in  a  250-cc.  beaker  with  50  cc.  dilute 
sulphuric  acid.(l  :  2)  and  10  cc.  (concentrated)  nitric  acid.  If  the  alloy  does  not 
decompose,  when  heated,  add  a  few  cc.  of  hydrofluoric  acid.  Take  down  to  copious 
white  fumes.  Cool,  add  50  cc.  dilute  sulphuric  acid  (1  :  2)  and  water.  Heat  until 
all  salts  are  in  solution  and  transfer  to  a  white  casserole  containing  100  cc.  dilute 
sulphuric  acid  (1  :  2).  Dilute  the  solution  to  400  cc.  with  H2O  and  heat  to  60^  C. 
The  solution  is  ready  to  titrate. 

Add  potassium  permanganate  until  a  deep  red  is  obtained.  Just  dischai^  the 
red  color  with  ferrous  ammonium  sulphate. 

Get  the  neutral  point  by  alternating  the  permanganate  and  ferrous  ammonium 
sulphate  until  one  drop  of  the  ferrous  sulphate  just  discharges  the  pink  color. 

Now  add  N/10  ferrous  ammonium  sulphate  from  a  burette  imtil  the  vanadium 
is  reduced  and  then  3  cc.  in  excess. 

Titrate  the  excess  of  ferrous  ammonium  sulphate  with  N/10  potassium  bichro- 
mate, using  potassium  ferricyanide  as  an  indicator. 

From  the  cc.  of  ferrous  ammonium  sulphate  used,  subtract  the  cc.  of  bichromate 
used.     The  number  of  cc.  used  gives  the  per  cent  of  vanadium  in  the  alloy. 

The  relation  between  ferrous  ammonium  sulphate  and  bichromate  is  established 
by  adding  150  cc.  sulphuric  acid  (1  :  2)  to  a  casserole,  diluting  to  400  cc. 

Find  the  neutral  point  and  then  add  25  cc.  ferrous  ammonium  sulphate  and  titrate 
with  bichromate  until  the  blue  spot  is  just  discharged. 

Blank.  .  EXAMPLE 

Ferrous  anunonium  sulphate  used 25     cc. 

Potassium  bichromate  used 24. 6  ** 

25.00 

24.60 


.40-5-25=^-0.016  factor. 
Alloy. 

Ferrous  ammonium  sulphate  used 40.00 

Potassium  bichromate  used 2. 40 

40  cc.  X  -0.016 =      . 64  cc. 

40.00-0.64 =39.36  ** 

Correction  on  ferrous  ammtmium  sulphate: 

39.36-2.4  =36.96%  V. 

Solutions  used: 

N/10  potassium  bichromate. 

N/10  ferrous  ammonium  sulphate. 
Potassium  ferricyanide,  a  crystal  the  size  of  a  pea  in  50  cc.  of  water. 
Potassium  permanganate,  5  grams  per  liter. 

^  Methods  developed  in  the  Bridgeville  Laboratory.    By  courtesy  of  the  American 
Vanadium  Company. 
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Detennination  of  Vanadium  in  Vanadium  Ores 

Weigh  0.51  gram  of  the  finely  powdered  ore  in  a  l§-in.  diameter  iron  crucible 
filled  three-fourths  full  of  sodium  peroxide.  Fuse.  Dissolve  the  fusion  in  water  and 
add  100  cc.  HtSO*  (1  :  2)  in  excess  and  evaporate  until  white  fumes  come  off.  Cool 
and  dilute  and  filter.  Gas  the  filtrate,  which  should  be  about  400  cc,  until  all  H|S 
metals  are  precipitated.  Boil  and  filter.  Boil  the  filtrate  until  all  KS  is  off.  Trans- 
fer to  a  500k;c.  casserole  and  add  50  cc.  H,S04  (1  :  2)  and  heat  to  above  60**  C.  Ti- 
trate as  in  the  determination  of  vanadium  in  ferro-vanadium. 

Determination  of  Vanadium  in  Steel 

Dissolve  5.1  grams  of  steel  in  a  covered  400-cc.  beaker  with  60  cc.  of  HCl  (con- 
eentrated).  After  total  solution  add  concentrated  HNOs  sufiicient  for  complete 
oxidation.  Evaporate  to  a  syrupy  consistency,  add  40  cc.  HCl  (concentrated)  and 
evaporate  to  about  20  cc.  CJool  and  transfer  contents  to  a  separatory  funnel,  wash- 
ing beaker  with  dilute  HCl  (2HC1  :  1  H,0). 

Add  100  cc.  ether,  cork  and  shake  for  some  time,  cooling  funnel  under  tap  water 
while  shaking.  Remove  cork,  place  funnel  in  stand  and  allow  it  to  stand  for  at  least 
five  minutes.  Run  out  the  lower  layer  of  the  separation  into  the  original  4C|0-cc. 
beaker. 

Evaporate  the  ether  off.    Cool  and  oxidize  with  a  few  crystals  of  sodium  chlorate. 

Boil  off  the  chlorine.  Add  50  cc.  of  1  :  2  H^SOi  and  evaporate  to  copious  white 
fumes.  Cool,  oxidize  completely  with  KMnOf  (5  grams  to  the  hter),  add  40  cc.  of 
HCl  (concentrated)  and  evaporate  to  dense  white  fumes.  Cool,  add  40  cc.  of  water, 
and  again  take  down  for  the  last  time  to  white  fumes.  Cool,  add  150  cc.  of  water, 
cool,  and  titrate  with  N/50  potassium  permanganate.  Each  cc.  of  permanganate 
usea  is  equal  to  0.00102  gram  of  vanadium,  or  in  this  case,  having  used  a  10-factor 
weight,  each  cc.  represents  0.02%  vanadium. 

Determination  of  Vanadium  in  Steel  (When  Chromium  is  present) 

Dissolve  5.1  grams  of  steel  in  a  covered  400-cc.  beaker  with  60  cc.  of  HCl  (con- 
centrated). After  total  solution,  add  concentrated  HNOs  sufiicient  for  complete 
oxidation.  Evaporate  to  a  syrupy  consistency,  add  40  cc.  HCl  (concentrated)  and 
evaporate  to  about  20  cc.  Cool  and  transfer  contents  to  a  separatory  funnel,  washing 
with  dilute  HCl  (2  HCl  :  1  HjO).  Add  100  cc.  ether,  cork  and  shake  for  some  time. 
coolins  funnel  under  tap  water  while  shaking.  Remove  cork,  place  funnel  in  stand 
and  aUow  it  to  stand  for  at  least  five  minutes.  Run  out  the  lower  layer  of  the  sepa- 
ration into  the  original  400-cc.  beaker. 

Evaporate  the  ether  off.  Add  5  cc.  HNOs  (concentrated)  and  just  bring  to  a  boil. 
Stir  out  all  nitrous  fumes,  make  alkaline  with  NaOH  (saturated  solution).  Make 
just  acid  with  HNOs  (concentrated)  cool  solution. 

Add  above  solution  to  a  solution  containing  300  cc.  cold  water  and  5  cc.  of  NaOH 
(saturated  solution).  Boil  and  filter,  washing  with  hot  water  thoroughly.  Make 
filtrate  just  acid  with  HNOs  (concentrated).  Add  40  cc.  of  a  saturatea  solution  of 
lead  acetate.  (If  lead  precipitate  forms  just  clear  solution  by  adding  HNO3  drop  by 
drop  and  bring  to  a  boil.)  Add  60  cc.  of  ammonium  acetate.  Boil  for  twenty  minutes. 
The  vanadium  is  precipitated  as  lead  vanadate. 

Filter  the  leaa  vanadate  onto  a  Munktell  paper,  washing  with  hot  water.  Put 
filter  containing  lead  vanadate  in  a  small  porcelain  dish  and  bum  off  paper  at  a  low 
heat.  Add  a  httle  HNOs  and  evaporate  on  the  hot  plate,  then  put  ttie  dish  in  the 
cold  end  of  a  muffle  to  drive  off  the  remaining  HNOs.  Avoid  baking.  Dissolve 
in  HCl  (concentrated)  and  transfer  the  solution  to  a  400-cc.  beaker.  Add  60  cc. 
dilute  HsSOa  (1  :  2).  Oxidize  thoroughly  with  KMnOi  (5  grams  to  a  hter.)  Add 
40  cc.  HCl  (concentrated)  and  evaporate  to  dense  white  fumes.  Cool,  add  40  cc. 
of  water  and  again  take  to  white  fumes.  Cool,  add  150  cc.  of  water,  cool,  and  titrate 
with  N/50  KMnO;.  Each  cc.  of  permanganate  used  is  equal  to  0.00102  gram  of 
vanadium,  or  in  this  case,  having  used  a  ten-factor  weight,  each  cc.  represents  0.02% 
vanadium. 
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Determination  of  Vanadium  in  Cupro-vanadium,  Brasses  and  Bronzes 

Dissolve  1.020  grams  of  cupro- vanadium  in  aqua  regia.  Evaporate  to  small  bulk 
and  add  excess  of  peroxide  of  hydrogen.  Dilute  to  600  ec.  and  add  ammonia  uotil 
all  copper  goes  into  solution.  Heat  to  boiling  and  add  sufficient  barium  chloride 
solution  to  precipitate  all  the  vanadium.  Boil  and  filter.  Wash  all  copper  out  of 
filter  with  hot  ammonia  water.  Transfer  the  filter  to  a  beaker,  add  100  cc.  1  :  2  sul- 
phuric acid,  boil  and  filter  on  close  filter  paper.  Titrate  tne  filtrate  with  X/10 
ferrous  ammonium  sulphate  and  N/10  potassmm  bichromate  the  same  as  in  the  case 
of  the  ferro  alloy,  except  that  this  being  a  two-factor  weight,  the  result  must  be 
divided  by  2. 

Vanadium  copper,  brasses  and  bromses  are  treated  in  the  same  manner  except  that 
a  ten-factor  weight  is  used  and  the  titration  carried  out  with  N/50  solution  mstead 
of  N/10. 


ZINC 

F.  G.  Breyeb.^ 
ZtU  at,wt»  65.37;  8p.gr.  6.48  to  7.19;  m.p.  419'';  b.p.  920''7  ZnO  oxide. 

DETECTION 

The  finely  powdered  material;  when  heated  on  charcoal  in  the  reducing  flame 
of  a  blowpipe,  gives  an  incrustation,  yellow  when  hot — white  when  cold.  On 
moistening  with  cobalt  nitrate  solution  and  reigniting,  the  mass  is  greenish-yellow. 
Materials  containing  above  6%  Zn  will  give  positive  tests.  With  experience, 
less  can  be  detected,  but  for  smaller  amounts  the  regular  procedure  as  given 
under  Titration  in  Acid  Solution,  Separating  Zn  as  ZnS,  should  be  followed, 
using  samples  as  follows:  For  material  containing  0.01-0.05%,  10  to  20  grams; 
0.05-0.10%,  5  to  10  grams;  0.10-0.5%,  5  grams;  0.5%  on  up,  2  grams  to  0.6 
gram,  depending  on  per  cent  of  zinc  present. 

In  case  the  material  is  of  interest,  only  if  it  carries  higher  than  several  per  cent 
of  zinc,  a  shorter  and  easier  wet  test  is  to  bring  the  material  into  solution  by 
means  of  hydrochloric  or  nitric  acid,  add  bromine  water  and  then  precipitate  iron, 
aluminum  and  manganese  with  ammonia,  as  given  under  heading  of  Deter- 
mination of  Zinc  in  Acid  Solution,  Separating  Iron,  Almniniun  and  Man- 
ganese with  Ammonia  and  Bromine,  filter,  wash  and  make  the  filtrate  acid  with 
hydrochloric  acid,  10  cc.  excess  added  for  each  100  cc.  of  solution,  and  potassium 
ferrocyanide  added.  Zinc,  if  present,  gives  the  characteristic  precipitate.  Copper 
interferes  and  if  present  must  be  separated  with  hydrogen  sulphide,  as  given 
under  heading  Procedure  for  Copper-bearing  Ores. 

In  case  manganese  and  copper  are  known  to  be  absent,  a  still  shorter  test  may 
be  used:  To  the  solution  of  the  zinciferous  material  add  2  or  3  grams  of  citric 
acid  per  200  cc.  solution,  then  make  ammom'acal,  add  ferrocyanide — a  white 
precipitate  indicates  zinc. 

ESTIMATION 

The  determination  of  zinc  is  called  for  in  the  buying  and  selling  of  ores  for 
smelters,  refuse  material,  e.g.,  from  galvanizing  plants,  foundries,  brass  mills, 
and  blast  furnaces,  in  manufacture  of  brass,  white  metals,  and  alloys  in  general, 
paints  and  pigments,  zinc  chloride  for  preservation  purposes,  and  in  the  control 
work  in  smelting  of  zinc  and  lead  ores. 

Preliminary.  The  method  to  be  followed  in  the  estimation  of  zinc  will 
depend  largely  on  the  nature  of  the  material  in  which  it  occurs,  the  quantity 
present,  and  the  experience  of  the  analyst.  Each  of  the  methods  outlined  will 
give  correct  results  only  on  the  materiab  for  which  they  are  indicated,  there 
being  but  one  method  recommended  which  is  applicable  to  all  zinciferous  mate- 

^In  Charge  of  Testing  Department,  New  Jersey  Zinc  Company  (of  Pa.),  Palmerton, 
Pa. 
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rials.  It  cannot  be  emphasized  too  stron^y  that  each  step  haa  a  definite  pur- 
pose (which  may  not  be  at  once  apparent  to  the  analyst  making  only  an  occa- 
sional zinc  determination),  and  no  part  of  the  procedure  should  be  varied  or 
omitted,  excepting  after  abundant  experience. 

Preparation  of  Sample 

The  representative  sample  should  be  ground  to  pa^  a  lOO-mesh  screen  or 
finer.  If  the  material  contains  shot  metal,  it  should  be  screened  out  and  the 
percentage  present  calculated.  It  is  then  treated  as  given  under  heading  Material 
Containing  Metallics,  page  482. 

Moisture  Determination  in  the  Pulp 

One  of  the  conmionest  causes  of  differences  in  zinc  ore  analysis  is  the  failure 
to  take  moisture  determinations  on  the  pulp  sample. 

In  order  that  analyses  made  on  the  same  pulp  at  different  times  and  in  different 
laboratories  may  be  compared  it  is  absolutely  necessary  that  all  determinations  be 
corrected  to  a  dry  basis.  It  is  not  sufficient  that  the  sample  be  dried  before  or 
after  having  been  pulped,  but  a  sample  for  moisture  must  be  weighed  out  at  the 
same  time  as  the  sample  for  analysis,  and  the  analytical  result  corrected  for  the 
per  cent  of  moisture  found  at  the  time  of  weighing.  This  is  especially  true  on 
roasted  zinc  ores  which  contain  sulphates  of  zinc,  iron  and  lime  and  which  take  up 
moisture  quite  rapidly  under  ordinary  atmospheric  conditions. 

The  usual  temperature  for  drying  should  be  110^  C,  but  on  special  ores,  e.g., 
those  containing  sulphates,  it  is  necessary  to  dry  at  250°  C.  unless  it  is  first  shown 
that  there  is  no  loss  of  water  above  110°  C. 

The  determination  is  best  made  by  weighing  approximately  two  grams  in  a 
small  glass-stoppered  weighing  tube  and  drying  to  constant  weight,  the  weighing 
tube  being  closed  with  the  glass  stopper  as  soon  as  the  tube  is  taken  from  the 
drying  oven. 

SEPARATIONS 

Silica.  Evaporate  with  hydrochloric  acid  or  take  to  fumes  of  sulphuric 
acid.  The  dehydration  with  sulphuric  acid  is  complete  and  gives  silica  that  is 
easily  filtered  and  washed. 

Cadmium,  Lead,  Arsenic,  Antimony,  Bismuth  and  Copper.  Aluminum 
may  be  used  to  separate  all  the  metals,  except  cadmium,  the  latter  being  only 
partially  separated.    The  procedure  is  as  given  in  the*  standard  method. 

The  separation  may  also  be  made  as  follows:  Evaporate  the  solution  of  the 
zinciferous  material  to  funics  with  7  cc.  of  1  :  2  sulphuric  acid.  Cool,  take  up  in 
about  50  cc.  of  water  and  warm,  add  10  cc.  of  10%  sodium  thiosulphate,  boil 
until  evolution  of  sulphur  dioxide  ceases,  then  filter.  Cadmium  if  present  is  not 
precipitated.  It  should  be  separated  by  the  procedure  given  under  Titration  in 
Acid  Solution  Separating  Zinc  as  Sulphide. 

Iron,  Aluminum  and  Manganese.  This  separation  may  be  effected  by 
precipitation  with  ammonia  and  bromine,  providing  the  quantities  present  are 
small.  When  large  amounts  are  present  the  basic  acetate  procedure  is  followed, 
or,  better,  the  zinc  separated  as  sulphide  in  dilute  sulphuric  acid  solution,  page  485- 
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Nickel  and  Cobalt.  When  nickel  or  cobalt  are  present,  the  only  safe  pro- 
cedure is  to  separate  the  zinc  as  zinc  sulphide  in  dilute  sulphuric  acid  solution, 
as  described  under  the  standard  method.  Weiss  has  shown  conclusively  that 
zinc  can  be  precipitated  free  from  either  cobalt  or  nickel  under  the  conditions 
there  outlined. 

METHODS  OF  ANALYSIS 

I.  Gravimetric  methods. 
II.  Electrolytic  methods. 

in.  Titration  with  standard  solution  of  K4Fe(CN)e. 
(a)  In  acid  solution. 
(6)  In  alkaline  solution, 
(c)  In  acid  solution,  separating  Zn  as  ZnS.    (Standard  method.) 

GRAVIMETRIC  METHODS 

Weighing  as  Zinc  Oxide 

In  this  case  the  procedure  is  the  same  as  in  the  volumetric  method,  in  which 
zinc  is  separated  as  zinc  sulphide  up  to  point  where  the  zinc  sulphide  is  filtered 
off  and  washed.  It  is  now  ignited  in  a  weighed  crucible  and  heated  to  800  to 
900**  C.  in  a  muffle  for  one  hour  and  weighed  as  ZnO.    Factor  ZnO  xO.8034  =  Zn. 

The  i»ecipitate  of  zinc  sulphide  may  also  be  filtered  on  a  Gooch  crucible, 
and  ignited  as  above. 

Weighing  as  Sulphate 

The  zinc  sulphide  is  dissolved  in  hydrochloric  acid.  Sulphuric  acid  is  added 
and  the  solution  evaporated  in  a  weired  crucible,  all  excess  acid  fumed  off  and 
the  resulting  zinc  sulphate  finally  ignited  at  a  dull  red  -heat  and  weighed. 
ZnSO4X0.504  =  Zn. 

Electrolytic  Methods 

The  determination  is  best  made  from  an  alkaline  electrolyte  or  one  slightly 
acid  with  acetic  acid  and  containing  a  considerable  amount  of  sodium  acetate. 
The  alkaline  electrolyte  tends  to  give  high  results,  due  to  the  presence  of  zinc 
oxide  or  hydroxide  in  the  deposit.  The  best  results  are  obtained  with  a  solu- 
tion weakly  acid  with  one  of  the  weaker  organic  acids.  The  procedure  for  the 
acetate  electrolyte  is  as  follows: 

The  zinc  is  separated  from  other  elements  by  precipitating  with  hydrogen 
sulphide  in  dilute  sulphuric  acid  solution,  as  given  under  the  standard  method. 
The  precipitate  is  filtered  and  washed,  dissolved  in  hot  hydrochloric  acid — 
5  cc.  1  :  1  sulphuric  acid  added  and  the  whole  evaporated  to  fumes  to  expel  hydro- 
chloric acid.  Cool  and  dilute,  neutralize  with  sodium  hydrate  solution,  make 
slightly  alkaline,  then  acidify  with  acetic  acid,  and  add  about  5  grams  of  sodium 
acetate.  The  volume  of  solution  should  now  be  about  100  to  125  cc.  Elec- 
trolyze  with  a  platinum  gauze  electrode  with  0.5  ampere  at  5  volts. 

The  electrolytic  methods,  on  account  of  the  special  apparatus  needed,  the 
experience  and  care  necessary  to  get  reliable  results,  and  the  unavoidable  errors 
involved  in  their  use,  are  less  desirable  than  the  gravimetric  oxide  method  and 
HiU  less  desirable  than  the  ferrocyanide  method. 
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VOLUMETRIC  METHODS 

Titration   in  Acid  Solution,  Separating  Iron,  Aluminum,  and 

Manganese  with  Ammonia  and  Bromine 

GeneraL  This  method  is  especially  adapted  to  roaterial  low  in  silica,  alumina, 
iron,  and  manganese.  When  the  operator  gains  experience  in  manipulation,  it  is, 
possible  to  obtain  good  results  on  samples  higher  in  these  elements,  but  its  hap- 
hazard use  with  materials  high  in  these  impurities  is  one  of  the  chief  causes  of  the 
common  inaccuracy  of  zinc  work.  If  copper  or  cadmium  are  present  in  quanti- 
ties, the  titration  in  acid  solution,  separating  Zn  as  ZnS,  is  to  be  preferred  for 
accurate  work. 

Procedure  for  Ores.    One-half  or  1  gram  (depending  on  the  per  cent  of  me 
present)  is  weighed  in  a  250-cc.  beaker.    Fifteen  cc.  of  hydrochloric  ^  acid  (sp.gr. 
]  .2)  are  added,  a  cover-glass  put  on,  and  the  ore  agitated  to  prevent  caking.    Boil 
down  to  a  volume  of  about  5  cc'  cool,  wash  down  cover-glass  and  sides  of  beaker 
with  a  jet  of  water.    Add  10  cc.  of  saturated  bromine  water,  5  grams  of  amnumium 
chloride  and  15  cc.  of  ammonia  water  (sp.gr.  0.90)  and  boil  vigorously  for  a 
minute  or  two.    Filter  off  the  precipitated  hydroxides,  and  wash  four  times  with 
hot  water,  containing  50  grams  ammonium  chloride  and  25  cc.  ammonia  per 
liter.    The  precipitate  is  now  washed  from  the  filter  into  the  beaker  in  vftieb 
the  original  precipitation  was  nuide,  and  the  precipitate  dissolved  in  stnng 
hydrochloric  acid.    Ten  cc.  of  ammonia  (sp.gr.  0.9)  are  added,  the  soluti(m 
boiled,  filtered  and  washed  as  before,  the  filtrate  being  combined  with  the  first 
filtrate.*    The  solution  is  tlien  diluted  to  250  cc,  heated  to  boiling,  and  4  drops rf 
anunonium  sulphide  solution  added  to  destroy  oxidizing  agents  *    and  pl^ 
cipitate  small  amounts  of  copper  and  cadmium.    The  solution  is  neutrAlind 
with  hydrochloric  acid,  the  resolution  of  the  precipitated  zinc  sulfide  seniDg 
in  licMi  of  an  indicator.    Ten  cc  excess  of  concentrated  hydrochloric  acid  w* 
added  *  and  the  solution  titrated,  not  below  75**  C.  with  standard  ferrocyanitif- 
using  urimiuni  nitrate  (10%  solution) «  as  an  external  indicator. 

Standardization  of  the  Forrocyanide  Solution 

The  potassium  ferrocyaniclc  is  standardized  by  weighing  out  portioiis  of  Cf • 
zinc  that  will  give  a  titration  of  approximately  the  same  number  of  cc.  as  the 
sample.     Dissolve  in  15  to  20  cc  of  hydrochloric  acid  and  dilute  to  about  225  W* 

^  Nitric  a(!id  should  be  added  in  case  of  suljihide  ores. 

'  In  case  of  silicpous  ore,  it  is  advisable  to  evaporate  te  dryness,  and  on  unlaw*** 
material  to  evaporate  slowly,  in  order  to  make  sure  of  complete  solution  of  the  iJo^- 
Certiiin  siliceous  and  oxide  ores  are  difficultly  soluble  in  hydrochloric  acid,  and  ft^ 
quently  cuuso  low  results,  wIuto  rapid  decomposition  is  the  routine. 

3  In  ('as(^  of  high  silica,  alumina,  iron,  and  manganese  materials,  three  precipitatioBS 
arc  n(M'osf«ir>-. 

*  It  is  jiccessar\'  to  destroy  all  oxidizing  agents,  as  they  will  react  with  the  feno- 
cyanide 

^  The  excess  of  hydrochloric  acid  should  be  carefully  measured.  A  burette  is  very 
iiseful  in  neutralizing  th(^  solution. 

''The  strength  of  the  uranium  nitrate  is  a  matter  of  personal  preference,  some 
using  a  saturated  solution.  On  the  other  hand  some  prefer  ammonium  mdybdate. 
The  strength  of  solution  given  above,  ho\vcver,  is  recommended  as  the  fint  cboioe 
of  a  large  number  of  experienced  zinc  chemists. 
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Then  add  37  cc.  strong  ammonia,*  taking  care  to  avoid  spattering,  heat  to  boil- 
ing, add  4  drops  of  ammonium  sulphide,  neutralize  and  add  10  cc.  excess  hydro- 
chloric acid  and  titrate. 

General  Notes 

The  ferrocyanide  is  of  the  same  strength  as  is  used  in  titration  in  alkaline  solu- 
tion.   See  below. 

The  precipitate  with  ammonia  carries  down  zinc.  This  is  especially  true  with 
siliceous  material  or  material  high  in  iron  and  alumina.  By  workmg  with  hot  aim- 
moniacal  ammonium  chloride  solution  and  making  two  or  three  precipitations,  the 
amount  held  can  usually  be  made  negligible. 

The  precautions  in  resard  to  adding  ferrocyanide  and  keeping  conditions  of  stand- 
ardization and  titration  the  same,  hold  here  as  in  all  ferrocyanide  titrations. 


Titration  in  Alkaline  Solution 

Genend.  This  procedure  is  designed  for  rapid  routine  work  on  roasted  or 
oxidized  ores,  especially  those  high  in  silica,  alumina,  iron,  and  manganese.  It 
should  only  be  used  on  unroasted  sulphides,  copper,  or  high  cadmium-bearing 
ores,  when  the  operator  has  had  long  experience.  It  is  designed  to  give  the  zinc 
content  of  materials  soluble  in  hydrochloric  or  nitric  acid.  For  materials  con- 
taining insoluble  zinc,  the  titration  in  acid  solution,  in  which  zinc  is  separated 
as  sulphide,  is  preferred. 

Procedure  for  Common  Ores.  The  following  method  is  recommended: 
The  weight  of  ore  to  be  taken  will  depend  on  the  approximate  amount  of  zinc 
present.  For  material  above  50%,  take  1  gram;  from  10  to  60%,  2  grams; 
5  to  10%,  4  grams;  and  below  5%,  5  to  10  grams.  Weigh  the  sample  into  a  tall 
400k5c.  beaker,  cover  with  water  and  add  25  cc.  concentrated  hydrochloric  acid, 
rotating  the  beaker  to  prevent  caking.  In  case  sulphides  are  present,  nitric  acid 
also  should  be  added.  Place  on  a  hot  plate  or  steam  bath  and  evaporate  to  dr3mess.* 
Now  add  50  cc.  concentrated  nitric  acid,  cover  with  a  watch  crystal  and  boil 
off  all  nitrous  fumes.  When  these  have  disappeared,  add  about  3  to  4  grams 
KClOj  and  boil  until  chlorine  fumes  do  not  show.*  Cool,  wash  off  the  watch 
crystal  and  sides  of  the  beaker,  and  dilute  to  about  100  cc.  Wash  into  500  cc. 
graduated  flask,  make  up  to  the  mark  and  shake  well.  Filter  through  a  close 
24-cm.  qualitative  paper  and  without  waiting  for  the  whole  to  run  through, 
measure  out  250  cc.  of  the  clear  filtrate  *  into  a  600-cc.  beaker.  Add  ferric  nitrate 
solution,  if  necessary,  so  as  to  bring  the  iron  content  up  to  about  300  to  400  milli- 
grams, i.e.,  if  only  a  small  amount  is  present,  add  10  cc;  if  10  to  15%  is  present, 
add  5  cc,  and  proceed  exactly  as  under  Standardization. 

Procedure  for  Copper-Bearing  Ores.    Either  method  is  recommended: 

Separaiian  of  Copper  by  Aluminum,    The  sample  is  treated  as  usual  up  to 

*  The  amounts  of  acid  and  ammonia  used  throughout  should  be  carefully  measured, 
80  as  to  keep  the  amount  of  ammoniiun  salts  approximately  the  same.  This  is  very 
important  in  order  to  avoid  errors,  due  to  varymg  blanks. 

*  The  temperature  of  the  hot  plate  should  not  be  over  120°  C,  as  ZnCU  is  appre- 
ciably volatile  at  higher  temperatures. 

'  Any  oxidizing  asent  such  as  chlorine  or  chlorine  oxides  acts  on  the  ferrocyanide. 
*The  graduated  flasks  should  be  standardized  against  one  another,  i.e.,  the  500  cc. 
should  be  twice  the  volume  of  the  250  cc. 
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the  point  where  manganese  has  been  separated  and  250  cc.  of  the  clear  filtrate 
measured  out.  Add  25  cc.  1  :  1  sulphuric  acid  and  evaporate  to  strong  fumes, 
cool,  dilute  to  100  cc,  add  a  gram  or  two  of  20-mesh  zinc-free  aluminum.  Heat 
until  all  the  copper  separates,  filter,  wash  and  proceed  with  the  filtrate  as  in  the 
regular  method. 

Separatum  of  Capper  by  Hydrogen  StUphide.  After  separation  of  the  man- 
ganese with  chlorate,  sulphuric  acid  is  added  and  the  solution  taken  to  fumes, 
as  in  above.  Cool,  dilute  to  100  cc,  and  add  sulphuric  acid  so  that  12%  b 
present.  Warm  slightly  and  pass  hydrogen  sulphide  through  the  solution.  Filter 
off  the  copper  sulphide,  wash,  boil  HjS  out  of  the  filtrate,  and  titrate  as  usual, 
after  adding  ferric  nitrate  and  citric  acid. 

Material  Containing  Cadmium.  If  the  material  contains  cadmiinn  in 
quantities  sufficient  to  warrant  separation  (0.15%  or  more),  it  is  best  to  use  the 
titration  in  acid  solution,  separating  zinc  as  sulphide. 

Material  Containing  Carbonaceous  Matter.  If  the  material  under  examina- 
tion contains  carbonaceous  matter,  coal,  etc,  it  must  be  separated  by  taking  to 
dryness  with  hydrochloric  acid.  Take  up  in  acid  and  water,  filter  and  wash, 
and  evaporate  the  filtrate  to  dryness.  Take  up  in  nitric  acid  and  proceed  as  in 
the  regular  method. 

If  the  carbonaceous  material  is  not  removed,  the  manganese  does  not  sepa- 
rate cleanly,  due  to  the  reducing  action  of  carbonaceous  compounds. 

Procedure  for  Material  Containing  Metallics.  On  account  of  the  lack  of 
uniformity  in  the  case  of  metallic  zinciferous  material  containing  lead  and 
iron,  it  is  well  to  work  on  large  samples.  Five  or  10  grams  of  the  metallics 
reduced  to  as  fine  a  size  as  possible  are  weighed  out  and  dissolved  in  nitric 
acid.  The  nitrous  fumes  are  boiled  off  and  the  whole  made  up  to  500  cc.  or 
1000  cc  Fifty  or  100  cc  are  now  pipetted  off  into  a  600-cc  beaker  and  the 
zinc  titrated  as  usual.  In  case  the  metallic  portion  contains  manganese, 
which  is  unusual,  it  can  be  separated  by  the  regular  prodedure.  Copper 
is  separated  as  given  under  Copper-bearing  Ores.  Material  containing 
cadmium  should  be  analyzed  by  other  methods,  as  given  under  Standard  Pro- 
cedure. 

Solutions.  Potassium  Ferrocyanide.  34.8  grams  pure  salt  in  1000  cc. 
water.  One  cc.  =  approximately  0.010  Zn.  This  solution  should  be  allowed  to 
stand  about  four  weeks  before  using. 

Ferric  Nitrate.  One  part  salt  in  6  parts  water.  It  is  well  to  add  a  little 
nitric  acid  to  prevent  hydrolysis. 

Citric  Acid.  One  part  acid  in  3  parts  water.  One  hundred  cc.  of  nitric  acid 
should  be  added  to  each  liter  to  prevent  mould  growth. 

Standardization.  The  factor  for  the  standard  solution  varies  slightlvi 
as  would  be  expected,  with  the  amount  of  ferrocyanide  used,  so  that  it  is  best 
to  have  at  least  three  sets  of  factors,  one  at  40  cc,  one  at  20  cc,  and  one  at 
10  cc. 

Weigh  out  hito  600-cc  beakers  at  least  three  portions  of  C.P.  zinc  (Kahl- 
baum's  or  Merck's  stick,  or  J.  T.  Baker,  or  Baker  &  Adamson  20  mesh),  for  eacli 
set  of  factors.  When  using  20-mesh  zinc  each  sample  should  be  examined 
under  a  low-power  glass,  for  foreign  matter  or  oxidized  particles.  Dissolve  the 
metal  in  about  15  cc.  nitric  acid,  first  covering  with  water.    Boil  off  the  nitrous 
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fumes  and  dilute  to  250  cc.  with  distilled  water.  Add  10  cc.  of  ferric  nitrate  solu- 
tion, and  15  cc.  citric  acid  solution,  make  faintly  ammoniacal,  using  a  piece  of 
litmus  paper  as  indicator.  Then  add  a  measured  excess  of  ammonia,  as  follows: 
40  cc.  factor,  20  cc.  excess;  20  cc.  factor,  10  to  12  cc.  excess;  and  for  low  titra- 
tions make  only  faintly  anunoniacal.  Heat  the  solution  to  a  full  boil,  and  titrate 
inomediately  with  the  standard  ferrocyanide,  stirring  the  solution  thoroughly 
and  adding  ferrocyanide  not  too  rapidly.  The  titration  is  completed  when  a 
drop  of  solution  gives  a  bluish-green  coloration  vvdth  a  drop  of  50%  acetic  acid 
on  a  spot  plate.  To  prevent  passing  the  end-point,  or  until  the  operator  is  expe- 
rienced, a  portion  (50  cc.)  of  the  solution  may  be  held  back  in  a  small  beaker, 
the  end-point  passed,  and. the  titration  completed  after  adding  the  part  in  the 
small  beaker. 

General  Notes 

A  standard  zinc  solution  may  be  used  in  case  the  end-point  is  passed.  However, 
this  is  not  to  be  recommended  as  a  usual  practice.  In  any  caae  it  should  bQ  very 
dilute,  BO  that  1  cc.  =0.001  pam  zinc. 

The  ferrocvanide  should  be  added  gradually  and  the  solution  stirred  constantly, 
to  prevent  occlusion  of  ferrocyanide  or  zinc  solution  by  the  heavy  precipitate. 

A  moisture  sample  should  be  weighed  at  the  same  time  as  the  sample  for  analysis. 
The  variation  of  factor  with  amount  of  zinc  titrated  is  more  marked  in  this  method 
than  in  the  titration  in  acid  solution.  Hence,  it  is  necessary  that  standardls  be  run 
covering  the  whole  range  of  zincs  to  be  titrated.  It  will  be  found  that  the  factors 
from  30  to  50  cc.  are  a£)08t  the  same  and  from  15  to  30  cc.  slightly  lower,  from  5  to 
15  cc.  still  lower. 

The  zinc  used  as  a  standard  should  be  carefully  examined  for  foreign  particles 
and  oxidized  zinc.  In  case  stick  zinc  is  used,  the  surface  should  be  scraped  clean 
before  cutting.  Merck's  and  Kahlbaum's  stick  zinc,  as  well  as  Baker  &  Adaroson's, 
Joiner  A  Amend 's,  or  J.  T.  Baker's  pow^dered  zinc  answer  the  purpose  as  regards 
nnetallic  impurities.    It  is  desirable  to  check  the  factor  by  means  of  a  standard 


The  standard  of  the  ferrocyanide  solution  should  be  frequently  checked,  at  least 
»  every  ten  days.  A  solution  of  such  a  strength  that  1  cc.  equals  10  milhgrams  of 
^^c  has  in  glass  a  temperature  coefficient  sufficient  to  decrease  the  factor  0.2%  per 
^**  C.  rise  in  temperature,  so  care  should  be  taken  that  no  sharp  change  of  tem- 
perature occurs  between  standardization  and  titration. 

The  factors  in  alkaline  and  acid  solution  are  not  identical.     In  alkaline  solution 
JJ^  precipitate  closely  approaches  the  normal  ferrocyanide,  while  in  acid  solution 
is  formed  a  double  ferrocyanide  of  zinc  and  potassium. 


Standard  Method 

Titration  in  Add  Solution — Separating  of  Zinc  as  Sulphide 

OeneraL  The  method  of  separating  zinc  as  sulphide  in  a  solution  slightly  acid 
^th  sulphuric  acid  is  of  almost  universal  application,  and  can  be  used  on  any 
^lass  of  zinciferous  material  that  has  come  under  the  author's  observation.  The 
•feps  fit  together,  so  that  copper  and  cadmium  are  easily  separated  and  any  zinc 
^  the  insoluble  state,  e.g.,  spinels,  etc.,  can  readily  be  looked  for.  The  method 
^  decomposing  (takhig  to  fumes  of  sulphuric  acid)  tends  to  take  into  solution 
^^^aterial  that  would  be  overlooked  in  the  rapid  decompositions  effected  in  the 
l^eding  methods.  Moreover,  the  use  of  the  internal  indicator  gives  a  very 
^barp  end-point,  so  that  this  method  is  fully  as  accurate  as  any  gravimetric 
'^^ethod.    The  method  is  more  time  consuming  tlian  the  ones  already  given,  but 
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it  is  not  designed  for  rapid  routine  work,  but  rather  as  a  s^ndard  procedure 
that  will  give  absolutely  reliable  results  on  all  classes  of  niate<ial.  This  method 
is  also  recommended  for  routine  work  in  case  the  analyst  is  called  on  to  make 
only  occasional  zinc  analyses. 

Standardization  of  the  Ferrocyanide  Solution 

Note.  The  standardization  of  the  solution  is  given  first,  on  account  of  the 
method  of  titration. 

Weigh  into  tall  400-cc.  beakers  several  portions  of  C.P.  zinc,  using  about 
0.35  gram.  Cover  with  water  and  dissolve  in  10  cc.  hydrochloric  acid  (sp.gr. 
1.2).  Now  add  13  cc.  ammonia  (sp.gr.  0.9),  make  acid  with  hydrochloric  acid, 
and  add  3  cc.  excess.  Add  0.03  or  0.04  milligram  of  ferrous  iron  in  the  form  of 
a  ferrous  sulphate  solution  and  dilute  to  about  200  cc.  with  distilled  water.  Heat 
to  boiling  and  titrate  as  follows:  About  one-quarter  of  the  solution  is  reserved 
in  a  small  beaker  and  the  ferrocyanide  added  to  the  main  solution  with  vigorous 
stirring.  The  solution  takes  on  a  blue  color,  which  changes  to  a  creamy  white 
when  an  excess  of  ferrocyanide  is  added.  Now  add  a  few  cc.  more  and  pour  in  the 
reserved  portion  of  zinc  solution,  excepting  about  5  or  10  cc.  Add  ferrocyanide 
until  the  end-point  is  reached  and  add  about  J  cc.  more.  The  last  of  the  reser\*ed 
zinc  solution  is  then  poured  into  the  main  beaker,  washing  out  the  small  beaker 
with  a  portion  of  the  main  solution,  and  the  ferrocyanide  added  drop  by  drop 
until  the  blue  color  fades  sharply  to  a  pea  green  with  one  drop  of  ferrocyanide.' 
This  is  the  end-point.    Repeat  until  satisfactory  standards  are  obtained. 

Procedure.  Weigh  into  a  tall  150-cc.  beaker  an  amount  of  sample  so  that 
it  gives  a  titration  of  about  40  cc,  i.e.,  5  grams  for  a  10%  ore  to  J  gram  for  60% 
ore  and  over.  Moisten  with  water  and  add  10  cc.  of  hydrochloric  acid  (sp.gr. 
1.20),  cover  with  a  watch-glass.  In  case  of  sulphides  it  is  necessary  to  add 
nitric  acid.  Boil  moderately  on  a  hot  plate  for  half  hour  or  so.  Remove  and 
wash  down  cover-glass  and  sides  of  beaker,  add  10  cc.  of  1  :  1  HjSO*  and  evaporate 
to  strong  fumes  of  sulphuric  acid.  In  case  of  very  siliceous  material,  it  is  well  to 
break  up  the  silica  with  a  glass  rod  before  adding  the  sulphuric  acid.  After 
fuming,  the  solution  is  cooled  and  diluted  to  40  to  50  cc.  and  about  a  gram  of 
20-mesh  aluminum  added.  Cover  with  a  watch  crystal  and  boil  until  water  white 
(about  ten  to  fifteen  minutes).  This  will  reduce  the  iron  and  precipitate  all  the 
hydrogen  sulphide  metals,  except  cadmium.*  The  silica  and  precipitated  metals 
are  filtered  off  and  washed  with  hot  water. 

Add  5cc.  of  1  :  1  sulphuric  to  the  filtrate  and  dilute  to  100  cc.  Pass  a  rapid 
stream  of  hydrogen  sulphide  through  the  solution  for  fifteen  minutes.  Add 
dilute  ammonia,  a  drop  at  a  time  until  yellow  cadmium  sulphide  precipitates. 
Then  heat  the  solution  to  70  to  90°  C.  and  continue-  to  pass  hydrogen  sulphide 
for  a  few  minutes.  Filter  at  once  through  a  cloSe  paper  previously  packed  by 
washing  with  a  polysulphide,  an  acid  and  water.'  The  precipitate  is  washed  with 
cold  8  to  10%  sulphuric  acid  and  finally  with  hot  water.  The  filtrate  is  boiled 
to  remove  hydrogen  sulphide,  cooled,  neutralized  with  potassium  hydroxide 

^  It  is  only  by  adding  an  excess  of  ferrocyanide  that  one  is  assured  of  a  precipitate 
of  normal  composition. 

*  Cadmiimi  is  i)artially  precipitated,  but  goes  back  in  solution. 

*  All  the  cadmium  is  separated,  except  about  0.05%,  which  does  not  interfere 
with  the  titration  at  the  given  acidity. 
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solution,  and  finally  potassium  carbonate  solution,  to  within  an  acidity  of  a 
couple  of  drops  oi  20%  sulphuric  acid.  Methyl  orange  is  used  as  an  indicator. 
Add  from  2  to  4  cc.  of  5%  *  sulphuric  acid  per  100  cc.  of  solution  according  to 
the  amount  of  zinc  present.  Cool  thoroughly.*  A  rapid  stream  of  hydrogen 
sulphide  is  now  passed  through  the  solution  for  forty  minutes.'  Allow  the 
precipitate  to  settle  ten  or  fifteen  minutes,  filter  and  wash  with  cold  water.  A 
hole  is  punched  in  the  filter  paper  and  the  sulphide  washed  back  into  the  beaker 
in  which  it  was  precipitated.  The  filter  paper  and  glass  tube  are  then  washed 
with  10  cc.  of  hydrochloric  acid  in  hot  water,  catching  the  washings  in  the  same 
beaker.  Boil  off  the  hydrogen  sulphide,  add  13  cc.  of  ammonia  (sp.gr.  0.9), 
neutralize  with  hydrochloric  acid,  add  3  cc.  excess  and  dilute  to  200  cc.  Heat 
to  boiling  and  titrate  as  under  Standardization.  When  cadmium  is  absent  or 
present  in  quantities  less  than  0.05,  the  procedure  is  of  course  shortened  con- 
siderably. 

To  Separate  Cadmium  Electrolytically.  After  filtering  off  the  silica  and 
precipitated  hydrogen  sulphide  metals,  add  1  cc.  of  1  :  1  sulphuric  acid,  dilute 
to  125  cc.  and  electrolyze  with  0.8  to  1.0  ampere  per  100  sq.cm.  of  electrode  sur- 
face for  1^  hours  at  2.95  to  3.05  volts.  Proceed  with  the  residual  solution  as 
above.    As  in  all  electrolytic  separations  the  current  must  be  carefully  watched. 

Procedure  with  Material  Containing  Insoluble^  Zinc 

Proceed  as  usual  up  to  point  where  the  solution  is  to  be  reduced.  Filter 
off  the  silica  and  insoluble  material^  wash  with  hot  water  and  proceed  with  the 
filtrate  as  usual.  Bum  the  insoluble  residue  in  a  platinum  crucible,  taking  the 
usual  precautions  in  case  lead  is  present.  Fume  off  the  silica  with  hydrofluoric 
and  sulphuric  acids  and  fuse  with  acid  potassium  sulphate.  Dissolve  in  water 
and  sulphuric  acid  and  proceed  as  in  the  regular  method.  The  solution  may  be 
added  to  the  main  portion  or  analyzed  separately. 

Discussion  on  Separating  Zinc  as  Zinc  Sulphide  and  Titrating 

in  Acid  Solution 

Precipitation.  The  method  of  precipitating  zinc  as  sulphide  in  sulpnuric 
acid  solution  was  investigated  by  G.  Weiss  (Inaugural  Dissertation,  Mtinchen, 
1906),  and  the  work  confirmed  by  the  author.  The  main  points  of  Weiss'  paper 
are  as  follows: 

1.  "  Sulphate  solutions  are  preferable  to  chlorides."  A  N/10  chloride 
solution  is  not  completely  precipitated  by  HiS.  Furthermore,  the  precipitate  of 
sulphide  from  HCl  solution  when  quantitative  is  not  crystalline  and  easy  to 
filter  like  that  obtained  from  sulphate  solution. 

2.  "  The  concentration  of  a  sulphate  solution  is  without  influence  on  the 
completeness  of  precipitation  from  N/10  down.  That  is  for  solutions  containing 
at  most  400  milligrams  ZnO  per  100  cc.'' 

3.  "  Sulphate  solutions  of  400  milligrams  ZnO  per,  100  cc.  may  be  N/100  acid 
with  H1SO4  before  beginning  the  precipitation."    Even  at  acidity  N/20  before 

*  Bear  in  mind  at  this  point  the  acid  liberated  by  the  action  of  1X28  in  the  zinc 
sulphate.    See  Discussion  oelow. 

'In  cold  solution  the  precipitate  is  more  granular  and  easier  to  filter. 

•The  hydrogen  sulphide  should  pass  through  at  a  rate  of  at  least  eight  bubbles  i>er 
second. 
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precipitation  less  than  a  milligram  of  zinc  remains  unprecipitated.    According 
to  Weiss,  if  the  solution  were  diluted  to  200  cc.  1^  grams  of  HiSO*  could  be 
added  or  6^  cc.  of  20%  H2804,  and  still  have  the  precipitation  complete.    Even 
if  as  much  as  10  cc.  of  20%  acid  were  added  the  loss  would  still  be  only  a  little 
more  than  1  milligram.    Precipitating  300  milligrams  from  100  cc,  howoTr, 
only  100  milligrams  or  }  cc.  of  ^%  acid  could  be  added.    This  means  that  when 
tlie  solution  becomes  more  acid  than  550  milligrams  of  H2SO1  per  100  cc.  the 
precipitation  of  ZnS  ceases.    Knowing  approximately  the  zinc  content  of  a 
solution  one  can  easily  calculate  the  H1SO4,  freed  when  the  ZnSOi  is  converted 
into  ZnS,  and  the  difference  between  550  milligrams  and  this  calculated  H^i 
is  the  amount  of  acid  that  may  be  added  when  precipitating  from  100  cc.  of  solu- 
tion.   For  two  hundred  cc.  of  course  more  acid  can  be  added,  being  the  diffe^ 
ence  between  1.100  grams  and  the  calculated  H1SO4  freed  from  the   ZnSOi. 
One  and  one-half  times  the  amount  of  Zn  judged  to  be  present  is  close  enough 
for  the  H,S04  freed. 

4.  "  The  precipitation,  under  the  above  given  conditions,  is  incomplete  when 
a  slow  current  of  hydrogen  sulpliide  is  uschI  (alxiut  four  bubbles  i)er  second).  One 
must  work  with  as  fiist  a  stream  as  possible  without  causing  mechanical  losses 
(at  least  eight  bubbles  per  second)."  Weiss  is  the  first  one  to  discuss  this  all- 
imi)ortant  ciuestion  in  the  precipitation  of  ZnS.  His  explanation  of  the  efficacy 
of  the  rapid  stream  of  HjS  is  as  follows: 

The  precipitation  takes  j^lace  according  to  the  following  equation: 

ZnS04+IIoS  ±^  ZnS+H,S04. 

Equilibrium  is  reached,  i.e.,  the  velocity  becomes  equal  in  both  directions,  and 
precipitation  cejises  when  the  amount  of  H2SO4  per  100  cc.  reaches  a  certain 
l)()int,  under  a  'given  set  of  conditions.  Let  these  conditions  remain  exacth' 
the  same  with  the  exception  of  the  H28  and  have  the  active  mass  of  that  increased. 
The  equilibrium  will  be  displaced  from  left  to  right  and  as  a  consequence  ZnS 
will  come  down  hi  the  i)rosc!ice  of  more  acid  than  l)efore.  H2S  is  not  very  sol- 
uble in  water  iit  room  temperature,  but  if  one  increases  the  surface  of  contact 
between  the  two  the  HoS  is  dissolved  much  more  rapidly  and  consequently  the 
mass  of  H2S  active  at'jiny  time  greatly  increased.  This  Is  exactly  what  is  accom- 
plished when  th(»  zinc  solution  is  constantly  kept  full  of  bubbles  of  HjS.  One 
can  easily  see  how  ^rt^atly  increased  the  mass  of  HjS  would  be  in  the  extreme 
case,  when  the  solution  is  all  foam. 

5.  ^'  A  strong  current  of  gas,  like  that  called  for  above,  will  precipitate  the 
usual  amounts  of  zinc  used  hi  analytical  ojwrations  in  forty  minutes." 

(>.  "At  temperatun^s  above  50°  the  precipitation  is  incomplete;  furthe^ 
more,  at  room  temjx^rature  the  ZnS  comes  down  in  a  form  suitable  for  filtra- 
tion." 

W(»iss  found  that  not  only  were  the  precipitations  incomplete  at  high  tempera- 
tures, hut  the  precipitate  was  finer  and  nmch  more  difficult  to  filter. 

7.  "  Water  only  is  recjuired  for  washing  the  precipitates." 

End-point.  The  chanRe  of  color  from  blue  to*  pea  green  is  very  sharp.  It 
should  he  observed  by  looking  down  through  the  solution  and  not  from  the  side. 
The  chanKf*  in  color  may  be  explained  as  follows:  The  ferrocyanide,  having  stood 
for  three  or  four  wec^ks.  has  oxidized  slightly  to  ferricyanide,  due  to  dissolved 
oxygen  in  tlu*  water.  The  few  tenths  of  a  milUg^ram  of  ferrous  iron  added  aclB 
with  this  ferricyanide  giving  the  ferro-ferricyanide  blue  as  long  as  the  ferro- 


ZINC  487 

cyanide  is  not  in  excess.    When  it  is  in  excess,  the  blue  is  decomposed  and  gives 
the  colorless  ferro-ferricyanide. 

In  case  the  ferrocyanide  solution  is  freshly  prepared,  it  is  well  to  add  about 
300  milligrams  of  ferricyanide  to  each  liter. 

DETERMINATION  OF  SMALL  AMOUNTS  OF  ZINC 

The  following  method  is  applicable  to  samples  containing  0.05%  Zn  or  less.- 
Procedure.  A  large  sample,  10  or  20  grams,  is  brought  into  solution  by  the 
standard  procedure,  taken  to  fumes  of  sulphuric  acid  and  the  zinc  precipitated 
as  sulphide  after  separating  groups  5  and  6  by  the  procedures  given  under 
Standard  Method,  filtered  and  dissolved  in  hydrochloric  acid.  The  sample  is 
now  washed  into  a  100-cc.  Nessler  tube,  6  cc.  of  ferrocyanide  added  and  the 
whole  made  up  to  the  mark,  mixed  by  pouring  into  a  beaker  and  then  back  into 
the  tube.  A  standard  containing  the  same  amount  of  acid  is  made  up  and  a 
standard  zinc  chloride  solution  added  until  the  turbidity  of  standard  and  unknown 
are  the  same.  From  the  amount  of  zinc  added  to  the  standard  the  percentage 
can  be  calculated.  The  standard  zinc  solution  is  made  up  by  dissolving  C.P. 
zinc  in  hydrochloric  acid  and  diluting  so  that  1  cc.  is  equal  to  1  milligram  of 
zinc. 

SPECIAL  METHODS 

Determination  of  Metallic  Zinc  in  Zinc  Dust 

Discussion.  From  time  to  time,  there  have  been  proposed  various  methods 
for  determining  the  metallic  content  of  zinc  dust.  Most  of  these  are  based  on  the 
measure  of  its  reducing  power,  for  example,  on  potassium  bichromate,  iodate,  ferric 
sulphate  and  the  like.  However,  none  of  these  gives  as  consistently  accurate 
results  as  the  hydrogen  evolution  method.  The  apparatus  described  below  was 
proposed  by  Franz  Meyer  in  1894,  and  the  method  thoroughly  investigated  by 
Morse  and  Barnes,  de  Koninck  and  Grandry.  Their  conclusions  as  to  its  accu- 
racy have  been  confirmed  by  the  author. 

The  methods  based  on  the  precipitation  of  a  metal,  for  example,  silver  from 
a  solution  of  silver  cyanide  in  potassium  cyanide,  whil«  they  naay  give  informa- 
tion as  to  the  efficiency  of  the  zinc  dust  under  certain  conditions,  such  as  in 
cyanide  work,  they  do  not  give  the  metallic  zinc  content. 

The  determination  is  best  made  by  measuring  the  volume  of  hydrogen  evolved 
when  the  sample  is  treated  with  dilute  sulphuric  acid. 

The  apparatus,  which  is  similar  to  a  nitrometer,  consists  of  a  graduated  tube 
72  cm.  long,  having  a  bulb  at  the  top  capable  of  holding  260  cc,  the  total  capacity 
of  the  bulb  and  tube  being  400  cc.  The  tube  is  graduated  in  0.25  cc.  By  means 
of  ground-glass  joints  connection  is  made  with  a  special  three-way  stop-cock 
and  a  decomposing  flask  with  a  capacity  of  350  cc.  The  stop-cock  is  special 
in  that,  while  it  resembles  an  ordinary  three-way  cock  in  every  other  respect, 
it  has  an  extra  hole  at  right  angles  to  and  connecting  with  the  opening  leading 
to  aieveling  bottle.    Fig.  72  gives  a  sketch  of  the  apparatus. 

Procedure.  One  gram  of  zinc  dust  is  rapidly  weighed  and  transferred  to 
the  dry  decomposing  flask.*    Approximately  5  grams  of  C.P.  ferrous  sulphate 

1  The  sample  should  be  weighed  rapidly,  and  the  flask  be  perfectly  dry,  on  account 
of  the  ease  with  which  the  finely  divided  zinc  oxidizes. 
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and  a  piece  of  platinum  about  2  cm.  square  are  placed  in  the  flask.^  Water  is  n 
added  almost  up  to  the  neck,  the  connection  holding  the  stop-cock  is  put 
place  and  the  flask  completely  filled  with  water.  The  connection  is  now  nu 
with  the  measuring  tube  and  the  stop-cock  turned  to  position  1  (Fig.  73). 
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Fig.  73. 


Fig.  72. 


Fig.  74. 


means  of  the  leveling  bottle  the  tube  is  filled  with  dilute  sulphuric  acid  (1  :  10 
The  stop-cock  is  now  turned  to  position  2  (Fig.  74).  The  acid  descends  into  tl 
flask,  and  the  evolved  hydrogen  passes  up  into  the  measuring  tube.  The  app 
ratus  is  shiiken  from  time  to  time,  but  care  should  be  taken  not  to  allow  a  V 
vigorous  evolution  of  gas. 

1  The  ferrous  siilpluitc  and  platinum  act  as  catalytic  agents,  increasing  the  n 
of  evolution  of  hydrogen. 
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When  all  the  hydrogen  is  evolved,  which  takes  from  two  to  twelve  hours, 
depending  on  the  composition  of  the  zinc  dust,^  the  volume  is  measured,  tem- 
perature and  pressure  taken,  and  the  volume  reduced  to  0°  and  760  mm.  The 
volume  of  hydrogen  is  calculated  to  zinc  by  multiplying  by  the  factor  0.2914  and 
dividing  by  a  factor  to  correct  for  the  solubility  of  hydrogen  in  1  :  10  sulphuric 
acid.  This  factor  is  determined  by  running  samples  of  C.P.  zinc.  The  sulphuric 
acid  can  be  saturated  with  hydrogen  before  using,  in  which  case  the  correction 
factor  can  be  made  negligible.' 


DETERMINATION  OF  IMPURITIES  IN  SPELTER 

LEAD 

Electrolytic  Method.  The  sample  is  thoroughly  mixed  on  a  sheet  of 
paper,  and  pieces  showing  discoloration  are  discarded.*  The  pieces  are  removed 
from  the  paper  by  lifting,  not  pouring.  A  magnet  is  passed  over  the  sample  to 
remove  particles  of  iron. 

8.643  grams  *  are  weighed  into  a  250-cc.  beaker,  about  100  cc.  of  distilled 
water  added,  and  40  cc.  of  concentrated  nitric  acid  added  gradually  until  solu- 
tion is  complete.  The  solution  is  boiled  to  expel  all  nitrous  fumes  and  diluted 
to  200  cc.  with  distilled  water,  4  or  6  drops  of  6%  silver  nitrate  added  to  pre- 
cipitate any  traces  of  chlorine  present,  and  the  solution  electrolyzed  hot.  For  sam- 
ples low  in  lead,  as  high  grade,*^  a  current  of  0.25  ampere  is  used,  and  for  inter- 
mediate, brass  special  and  prime  western,  0.50  ampere.  The  anode  is  made  of 
sheet  platinum  and  is  sand  blasted.  It  has  a  suiface  of  135  sq.cm.  A  spiral 
of  platinum  wire  is  used  as  a  cathode.  The  time  required  is  from  one  and  one- 
half  to  two  hours.  The  solutions  are  tested  for  lead  before  shutting  off  the 
current,  by  raising  the  liquid  in  the  beaker,  allowing  to  continue  for  twenty 
minutes  and  if  there  is  no  fresh  deposit,  the  anode  is  washed  three  times  with 


^  It  is  a  well-known  fact  that  very  pure  zinc  is  only  slowly  dissolved  by  sulphuric 
ftcid. 

*  If  the  sample  contains  iron  in  sufficient  quantity  to  influence  the  result,  a  correc- 
tion should  he  made. 

*  The  sample  should  be  taken  by  pouring  the  molten  metal  into  water,  thxiB 
Kranulating  it.  or  by  sawing  or  drilling  the  slabs.  In  this  latter  case  the  slabs  should 
be  saw^  or  orilled  completely  through.  No  lubricant  should  be  used.  The  sample 
is  then  wash^  with  water,  dried  and  run  under  a  magnet. 

*  This  is  an  empirical  factor  weisht,  0-866  being  the  theoretical  factor  to  convert 
the  dioxide  to  lead.    See  E.  F.  Smith,  Electroanalysis. 

*  The  rejection  limits  for  spelter  of  the  American  Society  for  Testing  Materials 
consider  four  grades  as  follows: 


Deagoation. 


A  or  high  grade 

B  or  intermediate .  . 
C  or  brass  special . . 
D  or  prime  western 


Proportion 
of  Lead. 


0.07 
0.20 
0.75 
1.50 


Proportion 
of  Iron. 

Proportion 
of  Cadmium. 

Total 

Proportion  of 

Impurities. 

0.03 
0.03 
0.04 
0.08 

0.05 
0.05 
0.75 

0.10 

0.50 
1.20 

Each  grade  should  be  free  of  aluminum. 
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distilled  water,  and  once  with  alcohol,  dried  in  the  air  bath  at  210^  C.  for  one- 
half  hour  and  weighed. 

The  weight  of  PbOj  found  (in  milligrams)  divided  by  100  gives  the  percentage 
of  lead. 

'*  Lead  Acid  "  Method.  Add  1  gram  of  lead  acetate  in  300  cc.  of  water 
to  dilute  sulphuric  acid  (300  cc.  acid  to  1800  cc.  of  water).  Shake  well,  allow 
to  cool  and  settle.  Filter  off  the  precipitated  lead  sulphate.  By  the  use  of 
this  sulphuric  acid  saturated  with  lead,  the  solubility  of  lead  sulphate  need  not 
l)e  considered,  the  solution  being  brought  back  to  the  same  concentration  each 
time. 

Procedure.  Weigh  10  grams  of  the  sample  into  a  400-cc.  beaker  and  add 
120  cc.  of  "  lead  acid.",  When  all  but  about  10%  of  the  zinc  is  dissolved,  filter 
and  wash  with  lead  acid.  Retain  the  filtrate.  Wash  the  metallics  back  into  the 
beaker  and  dissolve  in  nitric  acid.  Add  40  cc.  of  **  lead  acid  "  and  evaporate  to 
strong  fumes.  Cool  and  add  35  cc.  of  water,  which  is  the  amount  evaporated 
from  the  "  lead  acid,"  and  heat  to  boiling.  Add  the  filtrate  containing  most 
of  the  zinc  and  a  little  lead  sulphate,  stir  and  allow  to  settle  over  night.  Filter 
on  a  Gooch  crucible,  wash  with  lead  acid,  a  mixture  of  alcohol  and  water  (1  1 1), 
finally  with  alcohol  and  ignite  inside  a  porcelain  crucible  and  weigh  as  lead 
sulphate. 

moN 

Hydrogen  Sulphide  Method.  Weigh  10  grams  of  sample  which  has  had 
any  metallic  iron  particles  or  iron  containing  dust  removed  with  a  magnet. 
Place  in  a  2r)0-cc.  beaker,  and  dissolve  "with  50  cc.  concentrated  hydrochloric  acid. 
I^t  stand  several  minutes  until  violent  action  has  ceased,  then  add  about  1  cc. 
ix)tassium  chlorate  solution  (50  grams  per  liter),  and  boil  until  the  chlorate  is  aD 
decomposed.  Cool,  add  50  cc.  of  water  and  neu^lize  the  solution  with  ammoda, 
adding  a  large  excess,  boil  for  two  or  three  minutes,  allow  the  precipitate  to 
settle,  filter  and  wiush  with  hot  dilute  aimnonia  water  and  finally  with  hot  water. 
Dissolve  the  precipitutt^d  hydroxide  of  iron  into  a  16-ounce  Erlenmeyer  flask, 
using  10  cc.  dilute  sulphuric  acid  (1  :  4).  Wash  the  paper  thoroughly  ^ith  hot 
water,  dilute  to  a  volume  of  about  300  cc.  and  reduce  the  iron  by  passing  hydrogen 
sulphide  throuj^h  the  solution  for  five  minutes,  boil  to  expel  excess  of  hydn^pn 
sulphide,  being  careful  to  exclude  the  air  by  means  of  a  Bunsen  valve.  Test 
for  hydrogen  sulphide  with  a  i)iece  of  moistened  lead  acetate  paper.  Cool  rapidly 
and  titrate  with  jxTnuuiKanatc,  1  cc.  of  which  is  equal  to  approximately  0.00034 
gram  of  iron.  Run  a  blank  dotxinuination  in  order  to  detennine  the  amount  of 
IK^nnanganate  necessary  to  show  the  j)ink  color  on  titration.  Standardize  the 
j)ermanganate  against  sodium  oxalate.     (Bureau  of  Standards.) 

Colorimetric  Method 

Solutions.    Ammonium  Sulphocyanate.    One  part  salt  to  2  parts  of  water. 

Potassium  Chlorate.     ( >nc  p:irt  salt  to  20  parts  of  water. 

Standard  Iron  Solution  /.  One  to  50  grams  of  granulated  zinc  of  low  iron 
content  are  dissolved  in  MK)  to  KKK)  cc.  of  hydrochloric  acid  and  oxidized  irith 
j)otjvssium  chlorate.  The  solution  is  l>oilcd  to  expel  chlorine  fumes,  and  made 
up  to  2")(X)  cc.  This  solution  is  standiutlized  by  measuring  off  50-oc.  portion?, 
corn^sponding  to  10  grauLs  of  zinc,  and  detennining  the  iron  content  by  the 
hydrogen  sulj^hide  motluKl. 
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Standard  Iron  Solution  IL  0.7  gram  of  ferrous  ammonium  sulphate  is 
dissolved  in  water,  10  cc.  dilute  sulphuric  acid  added,  and  the  iron  oxidized  with 
permanganate.  The  solution  is  now  diluted  to  1000  cc.  One  cc.  equals  0.0001 
gram  iron. 

Procedure.  Ten  grams  of  sample  are  dissolved  and  oxidized  as  given  under 
the  hydrogen  sulphide  method.  The  solution  is  cooled  and  diluted  to  about 
25  cc.  and  transferred  to  a  comparison  tube,^  2  cc.  of  the  sulphocyanate  solution 
are  added,  and  the  voliune  brought  up  to  100  cc.  and  mixed  by  pouring  into  the 
beaker  and  back  into  the  tube.  Compare  the  red  color  with  the  color  produced 
on  adding  2  cc.  of  sulphocyanate  to  50  cc.  of  standard  iron  solution  I,*  and 
diluting  to  100  cc.  Add  standard  iron  solution  II  until  the  colors  are  the  same, 
and  calculate  the  iron  present  in  the  unknown.  In  case  the  iron  is  over  0.030, 
it  should  be  determined  by  the  hydrogen  sulphide  method. 

CADMIUM 

Sulphide  Method.  Twenty-five  or  50  grams  are  weighed  in  a  liter  flask,  200 
cc.  water  are  added  followed  by  25  cc.  of  (1  :  1)  sulphuric  acid.  (In  case  of  high- 
grade  spelter,  add  a  piece  of  platinum  to  accelerate  the  action.)  Add  more  acid 
from  time  to  time,  or,  if  the  action  is  too  violent,  add  water.*  When  the  greater 
part  of  the  zinc  is  in  solution,  filter  off  the  metallics,  leaving  the  greater  portion 
in  the  flask,  and  wash  with  hot  water.  Wash  the  metallics  on  the  filter  paper 
back  into  the  flask,  add  nitric  acid  and  heat  until  all  is  in  solution,  then  add 
25  cc.  (1  :  1)  sulphuric  acid  and  take  down  to  dense  white  fumes  and  cool.  Care- 
fully add  water  and  heat  until  soluble  salts  are  in  solution,  allow  to  cool  and  let 
the  PbS04  settle.  Filter  and  wash,  dilute  to  200  cc.  and  pass  hydrogen  sulphide 
through  the  solution  fifteen  or  twenty  minutes,  then  add  a  few  drops  (4  to  5)  of 
anunonia  and  pass  hydrogen  sulphide  about  ten  minutes  more.  If  no  precipi- 
tate appears,  add  a  drop  or  two  more  of  ammonia  and  repeat  in  about  five  min- 
utes. Continue  until  a  precipitate  of  CdS  and  ZnS  is  obtained.  Filter,  wash 
with  cold  water,  and  dissolve  in  (1  :  1)  hydrochloric  acid,  wash  and  add  12  to  15 
cc.  of  1  I  1  sulphuric  acid  and  evaporate  to  fumes,  dilute  to  100  cc.  and  pass 
hydrogen  sulphide.  Add  ammonia  as  before  but  not  so  much  at  a  time. 
Finally,  1  or  2  drops  will  give  a  clean  yellow  precipitate.  In  case  a  large  amount 
of  cadmium  is  present,  a  third  precipitation  is  necessary.  (This  is  usually 
desirable  in  any  case.)  Filter  at  once  on  a  weighed  Gooch,  wash  with  cold 
water,  alcohol,  carbon  bisulphide  and  alcohol.  Dry  at  110°,  and  weigh  as 
cadmium  sulphide. 

The  cadmium  may  also  be  weighed  as  cadmium  sulphate  or  as  phosphate. 

Slectrolytic  Method.  The  same  procedure  is  followed  as  given  in  the  pre- 
ceding method.  After  the  lead  sulphate  is  filtered  off,  enough  water  is  added 
to  make  the  sulphuric  acid  content  5  to  7%;  about  5  grams  of  potassium  sul- 
phate are  then  added  and  the  solution  electrolyzed  for  an  hour  to  an  hour  and 
a  half  with  0.20  to  0.35  ampere  at  2.75  volts  at  the  beginning  to  2.95  to  3 

^  Clear  glajss  test-tubes  f  in.  in  diameter,  and  holding  110  cc.  make  good  com- 
parison tubes. 

*  The  zinc  content  of  the  ertandard  and  unknown  must  be  approximately  the  same. 
(See  references.  Bureau  of  Standards  Bulletin.) 

*  Care  should  be  taken  that  the  solution  does  not  proceed  too  rapidly.  The  metallics 
should  contain  about  5%  of  zinc. 
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volts  at  the  end.  The  electrode  is  of  platinum  and  is  coated  with  cadmium.^ 
It  has  a  surface  of  75  sq.cm. 

The  cathode  is  washed  three  times  with  water,  dipped  into  alcohol  and 
burned  off  carefully,  or  it  may  be  dipped  into  ether  and  dried  in  an  oven. 

Discussion.  Lead  can  be  more  rapidly  determined  by  using  higher  cur- 
rents, e.g.,  up  to  5  amperes,  by  rotating  the  electrode,  or  by  means  of  the  sole- 
noid of  Frary.'  However,  where  a  great  number  of  determinations  are  made, 
the  slower  electrolysis  is  to  be  preferred. 

In  cases  where  only  an  occasional  analysis  is  made,  the  lead  acid  method 
should  be  used. 


Determination  of  Impurities  in  Zinc  Oxide 

See  chapter  on  analysis  of  paint  pigments,  page  627. 
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ZIRCONIUM 

R.  Stuart  Owens.* 
Zr»  at.wt,  90.6;  sp.ffr.  4.15;  m.p.  1700'' d=€.;  oxides  ZrOt»  ZlOf 

DETECTION 

The  zirconium  having  been  brought  into  solution  by  one  of  the  methods 
outlined  below  may  be  distinguished: 

(1)  By  the  addition  of  sodium  phosphate  to  a  slightly  acid  solution.  A  white 
precipitate  which  is  difficultly  soluble  in  hydrochloric  acid  is  characteristic  d 
zirconium. 

(2)  By  its  solution  in  hydrochloric  acid  coloring  turmeric  pi^r  orange. 
Titanium,  however,  colors  it  brown,  and  is  apt  to  mask  the  color  due  to  titanium 
when  both  are  present,  hence  it  is  necessary  to  reduce  the  titanium  by  the  addi- 
tion of  a  few  pieces  of  zinc.  Reduced  titanium  does  not  color  turmeric  paper,  but 
it  oxidizes  rapidly,  hence  the  t«st  should  be  made  as  quickly  as  possible.  Boric 
acid  also  produces  a  yellow  color  with  turmeric  paper,  but  both  elements  are 
met  with  in  the  same  sample  on  very  rare  occasions  only. 

(3)  From  alumina  by  the  solubility  of  its  carbonate  in  an  excess  of  an  alkali 
carbonate.  The  solution  from  ammonium  carbonate  if  boiled  precipitates  or- 
conia. 

(4)  From  glucinum  by  the  insolubility  of  its  hydroxide  in  ammonium 
chloride.    Glucinum  hydroxide  dissolves  readily  in  the  reagent. 

(5)  By  spectroscopic  methods.  Zirconium  shows  lines  of  greatest  intensity 
in  the  arc  spectrum  at  4687.9,  4739.6,  4772.5,  4815.8,  and  in  the  spark  spectrum 
at  3999.1,  4149.4,  4209.4,  4380.1.* 

ESTIMATION 

The  determination  of  zirconium  is  required  in  minerals,  artificial  genus 
incandescent  gaslight  mantles,  firebrick,  enamels,  glass  and  various  salts  of  the 
mineral  acids.  The  chief  source  of  zirconium  is  the  mineral  zircon  (ZiSiOJ 
and  its  valuable  modifications  as  hyacinth.  Zircon  contains  from  60  to  67% 
of  ZrO,. 

Preparation  and  Solution  of  the  Sample 

A.  Materials  Containing  a  Large  Amount  of  Silica 

Decomposition  by  Hydrofluoric  Acid.  Five  grams  of  the  finely  powdered 
sample  are  treated  in  a  large  platinum  dish  with  50  cc.  HF  and  50  cc.  of  HiSOi. 
When  the  violent  action  has  ceased  the  solution  is  evaporated  first  on  the  steam 
bath  to  expel  the  HF  and  then  on  a  sand  bath  till  fumes  of  SOj  are  given  off.    The 

*  Research  Chemist,  New  York  City. 
2  All  of  these  lines  are  in  the  visible  spectrum. 
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residue  is  taken  up  with  water.  This  usually  effects  complete  solution  of  the 
sample.  If,  however,  an  insoluble  residue  still  remains,  it  is  filtered  off,  washed 
with  cold  water,  ignited  in  platinum,  and  fused  with  10  parts  by  weight  of  potas- 
sium acid  sulphate.  The  cooled  fusion  is  dissolved  by  boiling  with  20%  HCl. 
All  the  zirconium  will  now  be  in  solution  and  may  be  determined  as  detailed 
below.    Barium  if  present  will  remain  insoluble  and  should  be  filtered  off. 

Notes.  Heating  the  mineral  to  dull  redness  and  suddenly  plunging  into  cold 
water  enables  zircon  to  be  easily  pulverized. 

If  the  KHSO4  fusion  is  extracted  with  dilute  H2SO4  and  boiled,  the  white  basic 
sidphate,  3Zr02-SOs,  is  apt  to  form  and  remain  in  the  residue. 

B.  General  Method  for  Minerals,  Oxides,  etc. 

Decomposition  by  Fusion  with  an  Alkali  Carbonate.  Two  grams  of 
the  finely  pulverized  sample  are  fused  with  10  grams  of  NaiCOi  (free  of  sulphur) 
and  i  gram  of  KNO3  in  a  large  platinum  dish.^  The  melt  is  taken  up  in  water 
and  if  manganese  is  present  a  few  drops  of  alcohol  are  added  to  reduce  the  man- 
ganate  to  the  manganous  condition.  The  solution  is  filtered  and  the  residue 
washed  vnth  dilute  NaOH  solution.  The  filtrate  then  contains  all  the  silica  as 
sodium  silicate,  while  the  residue  contains  all  the  zirconium,  barium,  etc.  The 
residue  is  dissolved  in  dilute  H2SO4  and  the  zirconium  present  determined  as 
detailed  below. 

C.  Other  Methods  of  Decomposition  which  are  Sometimes  Used 

Fusion  with  acid  potassium  fluoride. 

Fusion  with  caustic  soda  and  sodium  fluoride. 

By  long  boiling  with  concentrated  hydrochloric  acid. 

SEPARATIONS 

From  Iron  by  the  volatilization  of  the  iron  as  chloride  in  the  presence  of 
strong  hydrochloric  acid  and  chlorine  at  a  temperature  of  200  to  300°  C.* 

From  Iron.    Zirconium  is  precipitated  free  from  iron  by  phenylhydrazine.* 

From  Titanium  by  precipitating  the  titanium  from  dilute  sulphuric  acid 
solution  by  boiUng  in  the  presence  of  acetic  acid.* 

From  thorimn  by  precipitation  of  both  metals  as  oxalates  by  ammonium 
oxalate  and  then  adding  an  excess  of  oxalic  acid  when  the  zirconium  oxalate 
dissolves  completely.' 

From  cerium  and  the  iron  groups  by  boiling  the  hydrochloric  acid  solu- 
tion with  sodium  thioslilphate.  The  zirconium  is  precipitated  as  thiosulphate, 
which  may,  after  filtering  and  washing,  be  ignited  to  the  oxide.^ 

Tartaric  acid  prevents  the  precipitation  of  zirconium  hydroxide. 

^  A  nickel  dish  should  be  used  in  place  of  platinimi  if  sulphur,  lead  or  phosphorus 
is  presert. 

«  Havens  and  Wav,  A.  J.  C,  (4),  7,  217. 
»  Allen,  J.  A.  C.  S!,  26,  426. 

•  Streit  and  Franz,  J.  pr.  Chem.,  108,  75;  Streit  and  Franz,  Zeitsch,  anal,  chem., 
9,  «>S8. 

•  Koscoe  and  Schorleromeyer,  Vol.  II,  Part  II,  p.  276. 

•  Ibid.,  p.  272. 
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GRAVIMETRIC    METHODS   FOR  THE    DETERMINATION    OF 

ZIRCONIUM 

Salts  of  Zirconium 

"  A  "  solutions  containing  zirconiom  are  treated  with  5  cc.  of  HsSOi  and 
evaporated  to  fumes;  taken  up  with  cold  water  and  diluted  to  400  cc. 

"  B  "  dry  salts  are  treated  with  5  cc.  of  H2S04  and  heated  to  fumes  of  SOi 
on  a  sand  bath.    The  residue  is  taken  up  with  cold  water  and  diluted. 

Minerals,  Silicates,  etc. 

The  sample  having  been  decomposed  by  one  of  the  methods  outlined  and 
the  zirconium  being  present  in  solution  as  sulphate  the  liquid  is  diluted  so  as  to 
contain  about  1%  of  free  HaSO^. 

Determination  as  Phosphate 

To  the  acid  solution  sufficient  HsOa  is  added  to  oxidize  the  titanium  which 
may  be  present.  (The  solution  is  colored  yellow  by  HjOi  when  titanium  is 
present.)  A  sufficient  quantity  of  ortho-phosphate  (as  (NH4)tHP04  or  NaiHPOJ 
is  added  to  precipitate  all  the  zirconium  as  phosphate  (altuninum  and  iron 
are  not  precipitated  in  the  presence  of  free  acid).  If  titanium  is  present  and  the 
color  bleaches  after  a  time,  more  HsOs  is  added  until  the  color  is  restored.  (Any 
reduced  titanium  is  carried  down  with  the  zirconium  phosphate.)  The  precipi- 
tate is  filtered  off,  washed  well  with  water  containing  some  HiOs,  ignited  and 
weighed  as  zirconium  phosphate,  which  contains  61.8%  of  ZrOi.  The  solution 
after  precipitation  should  be  allowed  to  stand  several  hours.  Traces  require 
ten  to  fifteen  hours,  while  considerable  amounts  of  zirconium  require  only  from 
thirty  minutes  to  one  hour  of  settling  on  the  steam  bath  for  complete  preciiH- 
tation. 

Determination  as  Zirconium  Oxide 

With  pure  salts  the  zirconium  may  be  precipitated  completely  as  the  hydroxide 
by  the  addition  of  omnioiiia,  settling  and  finally  igniting  and  weighing  as  the 
oxide,  ZrOj. 

Determination  as  Zirconium  Oxide  in  the  Presence  of  Iron  Oxide  ^ 

The  aciueous  solution  of  zirconium  and  iron  free  from  other  metals  is  treated 
with  a  slight  excess  of  ammonia  water  and  then  boiled  to  remove  the  excess. 
The  precipitated  hydroxides  are  filtered  off,  washed  with  water,  and  dried  at 
105°  C.  The  filtrate  is  evaporated  to  dryness,  the  residue  taken  up  in  hydro- 
chloric acid  and  the  solution  again  precipitated  as  before.  The  combined  pre- 
cipitates whic'h  have  been  dried  to  constant  weight  in  a  porcelain  crucible  aw 
cooled  and  weighed  as  Zr02'Fe203.  The  oxides  are  then  ground  in  a  mortar, 
weighed  into  a  platinum  crucible  and  ignited  to  constant  weight  in  a  current 
of  hydrogen.  Only  the  iron  is  reduced  to  the  metallic  state,  hence  data  are  al 
hand  for  calculating  the  percentages  of  iron  and  zirconium. 

^  Method  of  Gutbier  and  Hiiller,  Zeit.  anorg.  Chem.,  32,  92. 
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ACIDS 

Wilfred  W.  Scott 

To  determine  the  amount  of  free  acid  present  in  a  given  solution,  an  alkaline 
reagent  of  known  strength  is  required,  since  acids  are  most  accurately  estimated 
by  titration.  Under  certain  conditions,  not  only  the  free  acid  but  also  the  com- 
bined is  determined  by  titration,  e.g.,  H1SO4  in  Al2(S04)s,  (see  Aluminum),  when 
caustic  is  added  to  a  hot  solution  with  phenolphthalein  as  indicator.  When  an 
equivalent  amount  of  caustic  has  been  added  to  the  acid  present  the  solution  be- 
comes neutral,  a  condition  spoken  of  as  the  "  end-point,"  which  is  recognized  by 
means  of  certain  compounds  known  as  indicators.  The  accuracy  of  the  results 
depends  largely  upon  the  choice  of  the  indicator  used. 


INDICATORS 

Indicators  are  usually  dyestuffs,  or  organic  compounds,  which  impart  a 
different  color  to  an  acid  solution  than  to  one  which  is  alkaline.  This  color 
is  attributed  to  a  particular  arrangement  of  atoms  in  the  compound  called 
a  chromophor.  It  is  thought  that  the  change  of  color  is  caused  by  a  slight 
rearrangement  of  the  atoms  in  the  molecule,  or  is  due  to  the  fact  that  in  certain 
cases  the  ions  have  a  different  color  from  the  undissociated  molecules.  A  large 
number  of  indicators  are  known,  but  for  general  purposes  the  following  will  cover 
the  requirement  of  acidimetry  and  alkalimetry — methyl  orange,  methyl  red, 
phenolphthalein,  litmus,  lacmoid. 


Indicator 


Condition  of  Solution 


General  Use  in  Titration 


Methyl  orange, 
acids  =red 
alkalies -yellow. 

Methyl  red. 
As  above. 

Phenolphthalein. 
acids -colorless 
alkalies  =  red. 


Cold  solution 
only. 


Cold  solution 

only. 
Cold  solutions. 


Hot  solutions. 


Hydrates,  carbonates,  bicarbonates,  sul- 
phides, arsenites,  silicates,  borates  of  sodium 
potassium,  ammonium,  calcium,  magne- 
sium, barium,  etc. 

Especially  adapted  for  titration  of  weak 
bases  such  as  NH4OH. 

Alkaline  hydrates,  the  mineral  acids, 
organic  acids,  e.g.,  oxalic,  citric,  tartaric, 
acetic.  The  indicator  very  sensitive  to 
acids  and  adapted  to  titration  of  weak  acids 
— carbonic  acid,  etc. 

The  indicator  is  sensitive  in  hot  solu- 
tions to  the  above.    It  is  generally  used  in 
hot  solutions  for  titration  of  acids  com- 
bined with  comparatively  weak  bases. 
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ACIDS 


Lacmoid. 

In  alcohol 
acids  =  red 
alkalies  =:  blue. 


Indicator        Condition  op  Solution  General  Use  in  Titration 

Litmus.  Cold  solutions.        Hydrates  of  Na,  K,  NHj,  Ga,  Ba,  etc. 

acids » red  Silicates    and    arsenates    of    Na    and   E, 

alkalies  =  blue.  HNO„  H^O*,  HCl  and  H^CA. 

Hot  solutions.  In  addition  to  above  neutral  and  add 

carbonates  of  K,  Na,  Mg;  the  sulphides 
and  silicates  of  Na,  K. 

Cold  solutions.         The  alkaline  and  alkaline  earth  hydrates, 

the  arsenates,  borates,  mineral  acids,  many 
salts  of  metals  which  are  acid  to  litmus  and 
neutral  to  lacmoid,  e.g.,  sulphates  and 
chlorides  of  iron,  copper  and  zinc,  hence  of 
value  in  determining  free  acids  in  their 
presence. 

Hot  solutions.  In  addition  to  the  above,  carbonates 

and  bicarbonates  of  K,  Na,  Ca,  Sr,  Ba,  etc. 

In  general,  methyl  orange,  methyl  red  and  lacmoid  are  especially  sensitive  to 
bases,  but  not  so  sensitive  to  acids  and  are  not  used  for  weak  acids.  Phenolphth&- 
lein  is  especially  sensitive  to  acids  and  is  of  value  in  titrating  weak  acids.  lAtnam 
is  commonly  used  as  a  test  indicator  (litmus  paper)  though  with  careful  prepara- 
tion, it  is  valuable  for  general  acid  and  alkali  titration. 

The  following  table  compiled  by  Thomson,*  refers  to  the  number  of  atoms  of 
hydrogen  displaced  by  monatomic  metals,  such  as  sodium  or  potassium  in  solution 
as  hydroxides.* 


Acids 


Name 


Sulphuric. .  . . 
Hydrochloric. 

Nitric 

Thiosulphuric. 

Carbonic 

Sulphurous .... 
Hydrosulphuric 
Phosphoric.  .  .  . 

Arsenic 

Arsenious 

Nitrous 


Silicic.  . 
Boric.  .  . 
Chromic 
Oxalic. . . 
Acetic. .  . 
Butyric . 
Succinic . 
Lactic. . . 
Tartaric. 
Citric . . . 


Formula 


H2CO, 
H,SO, 


H3PO4 
H3ASO4 
HaAsO, 
HNO2 

H4Si04 
HsBO, 
H,Cr04 
H2C2O4 
HCjHaOj 
HC4H7a 

H2C4H404 

HCsHsO, 
H2C4H4O6 
HjCeHftO? 


Methyl  Orange 
a)ld 


Phenolphthalein 


Cold 


2 

2 

1 

1 

1 

1 

2 

2 

0 

Idil 

1 

2 

0 

Idil 

1 

2 

1 

2 

0 

•   ■  •   ■ 

indicator 

1 

destroyed 

0 

■   «   ■   ■ 

0 

•  •   •   • 

1 

2 

2 

1 

1 

2 

1 

2 

3 

Hot 


2 
1 
1 
2 
0 

b 


2 
2 


litmus 


Cold 


2 
1 
1 
2 


0 
1 

0 


2 
1  nearly 
1  nearly 

2 

1 

2 


Hot 


2 
1 
1 
2 
0 

b 


0 
0 


^Volumetric  Analysis,  Sutton,  Tenth  Edition,  page  44.     R.  T.  Thomson,  J.S.C., 
1.,  12,  432. 
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In  general)  the  acid  in  the  indicator  must  be  weaker  than  the  acid  which  it  is 
required  to  determine  by  its  means.  Methyl-orange,  for  example,  is  a  fairly  strong 
acid,  hence  it  is  not  used  for  titration  of  organic  acids  as  the  end  reaction  is  uncer- 
tain; it  is  not  sensitive  to  carbonic,  hydrocyanic,  boric,  oleic  acids;  on  the 
other  hand,  phenolphthalein,  being  an  extremely  weak  acid,  is  decomposed  by 
organic  acids,  H1CO3,  etc.,  hence  is  of  value  in  determination  of  these  acids. 

ULTIMATE  STANDARDS 

Sulphuric  and  hydrochloric  acids  are  generally  used  as  the  ultimate  standard 
acids.     Benzoic  acid  may  also  be  used. 

Sodium  carbonate  is  the  best  of  the  alkali  standards.  This  salt  may  be  pre- 
pared in  exceedingly  pure  form.  It  is  frequently  used  as  the  basic  material  for  the 
volumetric  standardization  of  the  standard  acid. 


Preparation  of  Pure  Sodium  Carbonate 

Bicarbonate  of  Soda  made  by  the  Ammonia-Soda  process  may  be  obtained  in 
exceedingly  pure  form.  The  impurities  that  may  be  present  are  silica,  ammonia, 
lime,  arsenic,  sodium  chloride  and  sodium  sulphate.  With  the  exception  of  silica 
And  lime  the  impurities  may  be  readily  removed  by  washing  the  bicarbonate  of 
soda  several  times  with  cold  water  and  decanting  off  the  supernatant  solution  of 
e&ch  washing  from  the  difficultly  soluble  bicarbonate.  The  washing  is  continued 
until  the  material  is  free  from  chlorine,  as  sodium  chloride  is  the  principal  im- 
I>urity,  and  its  removal  leaves  an  exceedingly  pure  product.  The  bicarbonate  is 
dried  between  large  filter  papers  in  the  hot  air  oven  (100°  C). 

Standard  Sodium  Carbonate  is  made  from  this  pure  sodium  bicarbonate  by 
Ideating  at  290**  C.  to  300**  C.  in  an  electric  oven.  If  a  constant- 
temperature  oven  is  not  available  a  simple'  oven  may  be  impro- 
'vised  by  use  of  a  sand  bath  and  a  large  beaker  or  a  sheet-iron 
cylinder  covered  at  the  upper  end  as  shown  in  Fig.  75.  A  ther- 
^^ometer  passing  through  this  shield  registers  the  temperature 
^  the  material,  within  a  large  platinum  crucible.  This  crucible 
''"^«t8  upon  a  triangle,  so  that  the  bicarbonate  is  entirely  sur- 
*^unded  by  an  atmosphere  of  comparatively  even  temperature. 

The  sodium  bicarbonate  is  converted  to  the  carbonate.  Con- 
^^nt  weight  will  be  obtained  in  about  five  or  six  hours.  When 
^*^  material  no  longer  loses  weight  it  is  cooled  in  a  desiccator 
?^d  bottled  for  use,  preferably  in  several  small,  glass-stoppered 
^ttles.  For  exceedingly  accurate  work  the  material  is  analyzed 
^^  allowance  made  for  the  impurities  that  may  still  remain, 
-^lie  error  caused  by  any  such  impurities  is  so  small  that  for  all 
t^ractical  purposes  it  may  be  neglected. 

This  purified  sodium  carbonate  is  the  ultimate  standard  for  acidimetric  and 
\Ikalimetric  volumetric  analysis. 
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PREPARATION  OF  STANDARD  ACID 
Standard  Sulphuric  Acid 

Fifty-two  per  cent  sulphuric  acid  is  iu  equilibrium  with  the  average  moisture 
present  in  the  air  of  the  laboratory;  acid  of  this  concentration  is  recommended 
for  the  standard  stock  solution.' 

Pure  94  to  97%  HSO,  ia  diluted  with  sufficient  water  so  that  its  gravity  is 
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Specific  Gravity  Charts— Sulphi 


H,Sa.<3H^      H,SQ,iTH^    H^'SM/I  HM>4U^  HjSll,t}1IJ   H^.tlVO  H^H^t^' 
J7.7  417  S^^        S7.6  64.S  75.1        ».S 

PerefiH  HtSO* 


'  N'incly-three  thousand  [hhiikIs  of  sulphuric  acid,  with  tn  i  xpos.'d  surface  of  1260 
sq.  ft.  and  depth  of  10  in.,  hud  decreased  in  strength  from  86  p;r  rent  to  52.12  percent 
KiiSOi,  after  standing  in  a  load  pan,  protected  from  the  rain,  for  42  days  (Sept.  6th 
tn  Oct.  21st,  1<JI6).  Air  was  1)umiled  thruufch  a  two-liter  gam|Je  of  this  acid  for  aevvn 
consecutive  days,  when  thi;  solution  was  Icsted  and  found  to  contain  52.18  per  cent 
IIiHOi.  The  average  temperature  of  the  laboratory  was  74°  F.,  the  average  vapor  o* 
the  uir  (7  tests)  was  0.2223  gram  HjO  per  standard  cubic  foot.  The  average  humidity 
for  ScpteBil>er  and  October  was  68  per  cent;  the  average  temperature  62°  F.  The 
average  humidity  Cor  the  past  33  years  was  72  i>er  cent;  average  temperature  57°  F. 
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about  1.4200  (42.7°  B^.).  The  acid  is  well  mixed  and  poured  into  small  clean  and 
dry  glass-stoppered  sample  bottles  of  about  200-cc.  capacity.  The  bottles  are 
carefully  sealed  and  placed  aside  for  use  as  desired.  To  determine  the  exact 
strength  of  this  standard  acid  a  portion  is  standardized  against  the  sodium  car- 
bonate^ prepared  according  to  directions  given. 

Method  of  Standardization.  Procedure.  A  catch  weight  of  about  10  grams 
of  the  acid  is  weighed  out  in  a  weighing  bottle  or  100-cc.  beaker  (10  cc.  =  approxi- 
mately 13  ferams)  and  placed  aside  for  titration.  The  amount  of  sulphuric  acid  in 
the  sample  (weight  of  sample  multiplied  by  per  cent  divided  by  100)  is  neutralized 
by  1.0808  times  its  weight  of  sodium  carbonate.  As  an  excess  of  acid  is  necessarj' 
to  drive  out  all  the  carbonic  acid  the  following  formula  is  used — (grams  H.SO4 
-0.05)  X  1.0808= weight  of  Na,CO,  required. 

The  required  amount  of  sodium  carbonate  is  weighed  and  transferred  to  a 
600-cc.  Erlenmeyer  flask  and  100  cc.  of  water  added.  The  acid  is  carefully  poured 
into  the  flask  and  the  rinsings  of  the  weighing  bottle  or  beaker  added.  The  solu- 
tion is  boiled  for  15  minutes  to  expel  CO^  A  small  filtering  funnel  inserted  in  the 
neck  of  the  flask  prevents  loss  during  the  boiling  of  the  acid  and  carbonate  mixture. 
The  excess  of  acid  is  titrated  with  N/5  NaOH,  using  phenolphthalein  indicator, 
the  caustic  being  added  drop  by  drop  until  a  faint  permanent  pink  color  is  obtained. 

(The  sulphuric  equivalent  to  the  NaOH  added)  +  (weight  of  Na^COiX  0.9252) 
=  weight  of  pure  H»S04  present  in  the  sample. 

Notes.  COr-free  water  should  be  taken  in  all  titrations  with  phenolphthalein. 
The  indicator  contains  1  ^am  of  the  compound  per  liter  of  95%  alcohol.  One  cc.  of 
indicator  of  this  strength  is  reauired  for  each  titration. 

Results  should  agree  to  within  0.05%. 

The  temperature  of  the  acid  shduld  be  observed  at  the  time  of  standardization  and 
this  noted  with  results  on  the  bottles  containing  the  standard  samples.  The  coefficient 
of  expansion  is  .00016-1-  per  degree  F.  risen  in  temperature  or  .000293  per  degree  C.  per 
cc.  of  solution. 

Normal  Sulphuric  acid^  contains  49.043  grams  of  H^SOi  per  liter  of  solution. 

To  make  a  Hter  of  the  normal  acid  the  amount  of  the  standard  acid  required  is 

100x49.043 

calculated   by   the   foroiula rTr^r\~' — ^  "Tj — 3  =  grams   standard  acid 

per  cent  H2SO4  m  standard 

necessary.    The  acid  is  weighed  out  in  a  small  beaker,  a  slight  excess  being  taken 

(0. 1  gram) .    The  acid  is  washed  into  a  liter  flask  and  made  to  volume.    An  aliquot 

portion  is  standardized  against  the  standard  sodium  carbonate.    The  solution 

may  now  be  adjusted  to  the  exact  strength  required. 

Example.  ^  If  25  cc.  of  the  acid  is  found  to  contain  1 .25  grams  H3SO4  we  find  the 

amount  of  dilution  required  as  follows:  25  cc.  of  N/1  H2SO4  should  contain  1 .226075 

25X1  25 
gran.s,  therefore  1 .226075  :  25 : :  1 .25  :  x,  and  x  =  Tl^wj:^'    Then  x  minus  25  =  the 

amount  of  water  required  for  25  cc.  Total  dilution  ==  dilution  for  25  multiplied 
by  the  volume  of  acid  remaining  in  the  flask  divided  by  25  =  cc.  water  required 
to  make  a  normal  acid  solution. 

Fifth  normal  and  tenth  normal  acids  ^  may  be  prepared  by  diluting  the 
normal  acid  to  five  or  ten  volumes  as  the  case  requires. 

Gravimetric  Methods.  Precipitation  as  BaS04.  Sulphuric  acid  may  be 
standardized  by  precipitating  as  BaSO*  according  to  the  procedure  given  for  sul- 
phur.   BaSO4X0.4202  =  H,SO4. 

^  See  formula:  on  page  525. 
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Detennination  as  (NH4)2S04*  To  10  cc.  of  the  acid  diluted  to  50  cc.  in  a  large 
platinum  dish  is  added  NH4OH  until  the  acid  is  neutralized  and  a  faint  odor  of 
ammonia  is  perceptible.  The  solution  is  evaporated  to  dryness  on  the  water  bath 
and  dried  at  lOO''  C.  for  half  an  hour.  The  residue  is  weighed  as  (NH4)iS04. 
(NH4)«S04  X  0.7422  =  gram  HiSO^. 


Standard  Hydrochloric  Acid 

This  acid  is  occasionally  preferred  by  chemists  to  sulphuric  acid  as  a  standard. 
At  the  constant  boiling-point,  with  pressure  of  760  mm.,  hydrochloric  acid  has  a 
definite  composition  of  20.242%  HCl.  For  every  10  mm.  increase  in  pressure  the 
percentage  drops  .024  and  for  every  10  mm.  decrease  in  pressure  the  percentage 
rises  .024%  HCl.  Advantage  is  taken  of  this  fact  in  the  preparation  of  standard 
hydrochloric  acid.  Strong,  pure  HCl  is  distilled,  the  first  25  or  30  cc.  being 
rejected.  The  distillate  is  bottled  in  200-cc.  glass-stoppered  bottles  and  sealed,  a 
portion  being  reserved  for  standardization.  The  acid  is  best  standardized  against 
sodium  carbonate,  using  the  formula,  Weight  of  HCl  weighed  for  analysis  minus 
0.05)  X 1 .4533  »  NasCOs  required.  As  in  case  of  HsS04  the  NajCOa  is  weighed  out, 
placed  in  an  Erlenmeyer  flask  with  the  acid  and  boiled  to  expel  COs.  The  excess  of 
HCl  is  titrated  with  standard  caustic.    N/5  NaOH  =0.0072836  gram  HCl  per  cc. 

The  exact  weight  of  NajCOsXO.SSSl  =HCl.  To  this  add  HCl  obtained  by 
NaOH  titration  » total  HCl  in  the  sample  taken. 

The  exact  amount  of  HCl  being  known,  normal  acid  containing  36.468  grams 
HCl  per  liter  may  be  made,  and  by  diluting  further,  fifth  normal  and  tenth  normal 
acids  obtained.^ 

Gravimetric  Determination  of  Hydrochloric  Acid  by  Precipitation  as  AgCL 
Hydrochloric  acid  may  be  standardized  by  precipitation  with  silver  nitrate 
solution  by  the  procedure  for  determination  of  chlorine.  AgClX  0.2544=  HCl. 
It  is  advisable  to  heat  the  sample,  diluted  to  a  convenient  volume,  and  add  the 
hot  silver  nitrate  in  slight  excess  of  that  required  by  HCl,  the  amount  of  the 
reagent  being  calculated,  e.g.,  mol.  wt.  HCl :  mol.  wt.  AgNOi::Wt.  HCl  in 
sample  :  x. 


Benzoic  Acid  Standard 

Benzoic  acid  may  be  obtained  in  exceedingly  pure  form  by  melting  the  resub- 
limed  acid  in  a  covered  platinum  dish  in  a  constant-temperature  oven,  at  a  temper- 
ature of  140°  C.  The  acid  is  poured  into  test-tubes,  cooled,  and  the  sticks  bottled 
for  use.  The  acid  does  not  take  up  moisture  to  any  appreciable  extent,  even 
when  exposed  to  the  air  for  some  time,  so  that  it  may  be  weighed  without 
danger  of  absorption  of  moisture. 

Standard  Caustic  Solution 

Standard  normal  sodium  hydroxide  is  made  by  dissolving  approximately  50 
grams  of  NaOH  sticks  with  1  to  2  grams  of  Ba(OH)t  in  200  to  300  cc.  of  water  and 

^  See  f  onnuls  on  page  525. 
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For  accurate  titration  of  acids  or 
alkalies  it  is  advisable  to  have  a  titra- 
tion of  75  to  100  cc.  Since  the  straight 
100-cc.  burette  if  graduated  to  twenti- 
eths of  a  cc.  would  be  too  long  for  con- 
venient handling,  the  chamber  burette 
is  used.  The  chamber  located  in  the  c 
upp>er  portion  of  the  apparatus  holds 
75  cc,  the  lower  portion  drawn  out  into 
a  uniform-bore  tube  is  graduated  in 
twentieths  of  a  cc.  Each  tenth  of  a 
cc.  has  a  mark  passing  entirely  around 
the  tube  so  that  there  will  be  no  error 
in  reading,  the  eye  being  held  so  that 
the  mark  appears  to  be  a  straight  line 
drawn  across  the  tube.  The  burette  is 
enclosed  in  a  large  tube  filled  with  dis- 
tilled water  and  canying  a  thermom- 
eter. The  burette  is  connected,  by 
means  of  an  arm  at  the  base,  with  a 
reservoir  of  standard  acid.  The  cut, 
Fig.  79,  shows  the  apparatus  connected 
ready  for  use.   • 

If  vapor  is  lost  from  the  standard  re- 
agents and  this  replaced  by  dry  air,  as 
in  the  common  practice,  the  solution 
gradually    changes  in  strength.    A  sim- 

Sle  and  ingenious  device,  designed  by 
[.  W.  Hemff  (Gen.  Chem.  Co.)f  is  shown 
at  the  top  of  ^g.  79,  which  overcomes  this 
difficulty.  The  air  drawn  into  the 
reaffent  bottle  is  purified  and  saturated  with  moisture  by  passing  it  through  sodium 
h3rdroxide.  A  mercury  valve  relieves  the  pressure  if  expansion  of  air  in  the  reagent 
bottle  occurs  due  to  rise  of  temperature. 


diluting  to  1000  cc.  The  caustic  is  standardized  against  normal  HsS04,  using 
phenolphthalein  indicator.  The  solution  is  adjusted  to  the  exact  strength  desired 
by  addition  of  distilled  water.  ^^ 

Note.  The  addition  of  Ba(OH),  is 
made  to  precipitate  the  carbonate  in  the 
caustic,  as  this  would  interfere  with  titra- 
tions in  presence  of  phenolphthalein.  As 
the  presence  of  banum  would  produce  a 
cloudiness  with  HsS04  it  is  advisable  to 
add  only  an  amount  sufficient  to  precipi- 
tate the  carbonate. 
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Fig.  79. 


HiSOt,  we  must  weigh  between  '^,i  to    „„„;  grama  of  the  acid;  to  get  this  w? 


METHODS  OF  WEIQHINQ  ACIDS 
Dilute  Acids  Non-Volatile  under  Ordinary  Conditions 

Dilute  acids  may  be  weighed  directly  in  a  beaker,  weighing  bottle  or  ordinary 
pipette  (see  directions  given  later)  by  measuring  out  the  approximate  amount 
desired.  Since  a  burette  reading  from  75-ro.  to  lOO-cc.  should  be  used  for  this 
"work  it  will  be  necessary  to  take  such  an  amount  of  the  acid  as  will  require  ■ 
titration  between  these  extremes.  This  may  be  accomplished  by  taking  the 
specific  gravity  of  the  acid  and  referring  to  the  table  for  the  approximate  strength. 
From  this  the  volume  neccs.sary  may  readily  be  calculated. 

Example.  The  case  will  be  taken  where  a  75-cc.  to  100-cc.  burette  is  being  used 
and  the  titration  is  to  be  made  with  normal  caustic  solution,  the  acid  titrated  is 
sulphuric  acid.  The  capacity  of  the  burette  is  75X0.049-3.675  grams  H^,  to 
100X0.049=4.9  grams  H,SO..  (For  HCI  the  capacity  would  be  2.74  to  3.65 
grams  HCI  and  for  HNO,  it  would  be  4.73  to  6.3  gramK  HNO.). 

Suppose  the  sulphuric  acid  hasasp.gr.  of  1.1600.    From  the  table  for  HpSO,  we 

find  that  this  acid  is  22.25%  HiSO,,  then  1  cc,  contains  1.16X22.25  divided  by 

100  =  0.2581  gram  H^0(.     Since  the  capacity  of  the  burette  is  3.675  to  4.9  grams 

_  3 . 675         -  - 

'2225       .2225  ' 

3  675  4  9 

should  take    „      ■  to  -    .       cc,  that  is  to  say,   14.5  to  18.5  cc.  of  the  acid, 

which  will  weigh  16. S  grams  to  21 .5  grams. 

Weighing  Strong  Acids,  Fuming  or  Volatile  under  Ordinary 
Conditions 

The  acid  must  be  confined  during  weighing  and  until  it  is  mixed  with  water 
or  standard  caustic.  The  best  forma  of  apparatus  include  the  follow- 
ing: 

Lunge-Ray  Pipette.  The  pipette  is  shown  in  Fig.  80.  Two 
glass  stop-cocks  confine  the  aci<i  in  a  bulb.  The  lower  part  of  the 
pipette  is  protected  by  a  ground-on  test-tube.  The  dry  pipette  is 
weighed.  Cock  2  is  closed  and  1  opened  and  a  vacuum  produced 
in  the  bulb  by  applying  suction  at  the  upper  end  of  pipette  and 
closing  stop-cock  1  with  suction  still  on.  The  sample  may  now  be 
drawn  into  the  pipette  by  immersing  the  low^r  end  in  the  sample 
and  opening  the  stop-cock  2,  the  vacuum  producing  the  suction. 
The  increased  weight  =  acid  drawn  in.  The  pipette  is  emptied  by 
running  the  acid  under  water. 

Dely  Weighing  Tube.'  This  form  of  weighingtube  has  proven 
to  be  of  exceptional  value,  to  the  busy  works-chemist,  in  the  analy- 
sis of  oleum  and  mixed  acids.  Both  speed  and  accuracy  are  gained 
by  its  use.  The  apparatus,  shown  in  the  cut  on  page  507,  consists 
of  a  long  gloss  tube  of  small  bore,  wound  in  a  spiral  coil.     Fig.  M. 

The  sample  of  acid  is  drawn  into  the  weighed  coil  by  applyini; 

suction  through  a  rubber    tube  attached   to  A  and    drawing  b 

the  required  amount  of  acid,  a  mark,  ascertained  by  a  previous  run 

being  made  to  indicate  the  point  to  which  the  acid  is  drawn.    The 

■J.  G.  Dely,  Chemist,  Gen.  Chem.  Co. 
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tip  B  is  carefully  wiped  off   with  tissue  paper  and  the  tube  and  sample 

weighed.    The  weight  of  the  tube  deducted  gives  the  weight  of  the  sample. 
The  apparatus  is  now  inclined  so  that  the  acid  runs  back  into  the  crook  at 

C  to  a  point  marked  on  the  wall  of  the  tube,  in  order  to  expel  as  much  air  as 

possible  from  this  end.    A  rubber  tube  filled 

with  water  is  attached  to  A,  the  other  end 

of  the  rubber  tube  being  connected  to  a  bottle 

containing  distilled  water.    A  glass  bead,  such 

as  is  used  in   rubber-tipped  burettes,  fitting 

snugly  in  this  tube,  regulates  the  flow  of  water. 

The  Dely  tube  is  now  inverted,  the  tip  being 

immersed  in  150  cc.  to  200  cc.  of  distilled 

water  in  a  4-in.  casserole — Fig.  81.    By  pressing 

gently  on  the  bead,  water  is  slowly  admitted 

in  the  tube,  forcing  the  acid  before  it.    The 

acid  and  water  are  separated  by  a  bubble  of 

air.    Before  forcing  out  the  last  half-inch  of 

acid,  the  tube  connected  to  the  water  supply 

is  disconnected  and  the  weak  acid  from  the 

casserole  drawn  back  into  the  Dely  tube  for 

two   or  three  inches,  then  again   the  acid  is    Dely  Weighing  Tube  in  Operation. 

almost  entirely  expelled  by  water  from  the 

reservoir  and  the  procedure  repeated.    This  is  to  absorb  the  SO,  gas  that  invari- 
ably is  present  in  the  bubble  of  air  above  mentioned,  which  would  be  lost  if 

forced  out  directly  by  the  water  column.    In  order  to  facilitate  this  last  step  it 

is  well  to  have  a  short  rubber  tube  attached  to  the  Dely  tube,  and  a  glass  tip  in 

the  tube  connected  with  the  reservoir  of  water.    The  acid  in  the  casserole,  upon 

washing  out  the  Dely  tube,  is  titrated  with  standard  caustic  according  to  the 

procedure  for  titration  of  acids. 

The  tube  is  dried  after  washing  with  alcohol,  followed  by  ether,  by  heating 

on  an  asbestos  mat  on  a  hot  plate,  dry  air  being  aspirated  t^hrough. 

Snake  Weighing  Tube.  The  snake  tube  is  a  simple  device  that  may  be  easily 
made  by  an  amateur  glass-blower.  It  is  made  out  of  a  glass  tube 
8-10  ins.  long,  shghtly  thinner  than  a  lead  pencil.  One  end 
of  the  tube  is  drawn  out  to  capillarity.  The  tube  has  a  double 
bend,  as  shown  in  the  illustration.  It  is  so  made  that  it  rests 
on  the  double  bend  with  the  ends  inclined  upward  to  prevent  the 
outflow  of  the  acid.    Fig.  82. 

The  tube  is  dried  with  alcohol,  ether  and  air  treatment,  as  in 
case  of  the  Dely  tube.  After  weighing  the  empty  tube,  acid  is 
drawn  into  it  by  suction  through  an  attached  rubber  tube.  The 
capillary  end  that  has  dipped  into  the  sample  is  wiped  dry  with 
tissue  paper.  The  acid  and  tube  are  weighed  and  the  acid  esti- 
mated by  difference. 

The  acid  is  run  into  150  cc.  of  water  in  a  casserole,  the  flow 
being  regulated  by  the  index  finger  pressed  against  the  larger  end 
of  the  tube.  With  careful  regulation  of  the  flow,  practically  no 
bumping  occurs.  With  a  small  capillary  opening  it  is  not  neces- 
sary to  place  the  finger  over  the  larger  end  of  the  tube  as  the 

acid  flow  will  be  slow.  The  tube  should  be  kept  in  motion  to  prevent  bumping  from 


Fig.  82. 
Snake  Tube. 
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overheating  any  one  portion.  Kicking  back  of  the  acid  indicates  that  the  capHl- 
lary  end  of  the  tube  is  too  large.  When  the  contents  of  the  tube  have  run  out. 
the  tube  is  rinsed  by  sucking  up  some  acid  from  the  casserole  and  allowing  it 
to  run  out,  repeating  several  times.  Suction  may  be  applied  by  means  of  a 
rubber  bulb  attached  to  the  tube.  The  acid  is  now  titrated  with  standard  caustic, 
using  phenol  phthalein  indicator. 

Blay-Burkhard  Graduated  Weighing  Burette.  This  apparatus,  designed  by  V. 

L.  Blay  and  W.  E.  Burkhard,  General  Chem- 
ical Company,  is  used  for  weighing  acids  or 
other  liquids.  The  form  for  general  use  is 
shown  in  Fig.  83.  The  burette  is  graduatai 
in  half  cc.  divisions,  from  0  to  20  cc.  An 
apparatus  half  this  size  is  used  for  oleum, 
where  a  2-cc.  sample  is  sufficient  for  a  deter- 
mination. For  the  purpose  of  running  the 
sample  under  water  a  capillary  tube  (E, 
Fig.  83)  with  ground  joint,  is  attached  to 
the  burette.  This  tube  is  placed  in  the  solu- 
tion during  titration.  The  burette  is  pro- 
vided with  a  glass  vented  stopper  (-4)  on 
the  top,  and  a  glass  cap  for  the  tip,  both 
having  ground  joints,  to  prevent  escape  of 
fumes  from  the  sample. 

The  Editor  has  modified  the  apparatus 
by  replacing  the  fragile  cap  {A)  by  a  tube 
stopper  with  capillary  vent  (see  A\  Fig.  83). 
The  vent  to  the  air  is  opened  or  closed  by  a 
slight  turn  of  this  stopper.  By  means  of  this 
tube  acid  may  be  drawn  into  the  burette 
according  to  the  Lunge-Ray  pipette  pro- 
cedure. With  these  burettes  a  man  can 
control  his  work  very  accurately  and  save  a 
great  amount  of  time,  both  in  weighing  and 
manipulation. 

In  the  analysis  of  strong  oleums,  Burkhard  recommends  addition  of  the  acid  to 
a  saturated  solution  of  neutral  Glauber  salt  in  place  of  pure  water,  the  reaction 
being  less  violent. 

The  glass-bulb  method  is  still  used  for  analysis  of  strong  oleum.  The  acid 
weighed  in  a  sealed  tube  of  known  weight  is  mixed  with  water  by  breaking  the 
bulb  in  a  stoppered  bottle  containing  water,  the  acid  is  cooled  and  titrated  as  usual. 


Dnp 
'Bottle 


Fig.  83.— Blay-Burkhard  Graduated 
Weighing  Burette. 
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Titration  of  Acids  and  Alkalies 

In  the  acid  titration  the  sample  is  conveniently  titrated  in  a  white  porcelain 
casserole.  This  gives  a  white  background  that  enables  the  analyst  to  see  the  end- 
ix)int.  The  caustic  is  run  into  the  acid,  to  within  a  few  cc.  of  the  end-point, 
rapidly  and  then  cautiously  to  a  faint  change  of  color — faint  pink  with  phenol- 
phthalein  or  an  orange-yellow  with  methyl-orange.  PhenolphthaJein  is  generaUy 
preferred  to  acid  titrations.    COr-free  caustic  and  water  should  always  be  used. 
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ANALYSIS  OF  MURIATIC  ACID 

(Commercial  Hydrochloric  Acid) 
Total  Acidity  and  Hydrochloric  Acid 

The  usual  titration  with  standard  caustic  gives  the  total  acidity,  including, 
in  addition  to  hydrochloric  acid,  nitric  and  sulphuric  acids  which  may  occur  in  the 
coininercial  product.  The  acidity  due  to  these  acids  is  deducted  from  the  total 
acidity  to  find  the  actual  HCl  in  the  muriatic  acid. 

A  catch  weight,  10  to  15  grams  of  the  acid,  is  weighed  in  a  weighing  bottle,  or  a 
large  snake  tube,  or  the  Dely  tube,  as  in  case  of  oleum  analysis,  and  the  acid  allowed 
to  mix  with  water  in  a  casserole;  methyl-orange  indicator  is  added  and  the  acid 
titrated  with  standard  normal  caustic  solution,  the  red  color  fading  to  a  lemon- 
yellow.  A  fraction  of  a  drop  of  the  alkali  will  cause  the  change  when  the  end-point 
has  been  reached. 

One  cc.  N/1  NaOH  =0.03647  g.  HCl. 

Note.  Hydrochloric  acid  may  be  determined  gravimetrically  by  precipitating 
the  chloride  with  silver  nitrate — HCl-|-AgNOj=AgCl-|-HNOi,  or  by  the  volumetric 
methods  for  the  determination  of  chlorine.    See  Chlorine. 

Determination  of  Impurities    in  Commercial  Hydrochloric  Acid. 

Free  Chlorine 

Five  cc.  of  the  acid  are  diluted  to  10  cc,  about  5  cc.  of  fresh  starch  solution 
added  and  a  few  drop®  of  5%  KI  solution  together  with  about  1  cc.  of  dilute 
HjS04.  A  blue  color  indicates  free  chlorine.  This  color  may  be  matched  in  a 
Nessler  tube  with  a  standard.  It  is  possible  to  determine  .0001%  chlorine  on  a 
5-cc.  sample. 

Nitric  Acid  or  Nitrates  in  Hydrochloric  Acid 

About  5  cc.  of  the  hydrochloric  acid  is  cautiously  added  to  75  cc.  of  95% 
HaSO«,  the  HCl  being  introduced  under  the  surface  of  the  sulphuric  acid.  The 
nitric  acid  may  now  be  titrated  with  standard  ferrous  sulphate  by  the  procedure 
for  the  direct  determination  of  nitric  acid  and  nitrates.  (Method  of  Scott  and 
Bowman.)  The  ferrous  sulphate  test  for  nitric  is  delicate.  Traces  of  nitric  acid 
produce  a  pink  coloration;  larger  amounts  a  reddish  brown  to  dark  brown.  The 
color  is  p>ermanent  when  an  excess  of  ferrous  sulphate  has  been  added.  See 
page  515. 

Sulphuric  Acid  and  Sulphates  in  Hydrochloric  Acid 

Free  HjSOi.  Fifty  cc.  of  the  sample  is  evap)orated  in  a  platinum  dish  (steam 
bath)  to  dryness  or  until  the  HCl  has  been  expelled.  A  few  drops  of  water  are 
added  and  the  material  again  taken  to  dryness  (steam  bath).  The  residue  is 
taken  up  with  water  and  titrated  with  N/10  NaOH,  usmg  methyl-orange  indica- 
tor.   One  cc.  =0.0049043  gram  H2SO4. 

Total  Sulphates.  Fifty  cc.  of  the  muriatic  acid  is  evaporated  to  about  5  to  10  cc. 
and  then  diluted  to  about  200  cc.  and  heated  to  boiling.  Total  SO3  is  now  precipi- 
tated by  adding  BaCls  solution  as  in  case  of  determination  of  total  sulphur.  The 
precipitated  BaSOi  includes  the  free  H^SO*  and  the  combined  SO,.  BaSO*  X  0.4202 
=H,SO«. 
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Arsenic  in  HydrDchloric  Add 

Conunercial  muriatic  acid  may  contain  arsenic.  This  is  best  determined  by  ik 
Gutxeit  Method  given  in  detaO  under  Arsenic.  10  cc.  of  sample  is  usually  soft- 
cient  for  this  determination.  If  much  arsenic  is  present  the  distillation  method 
may  l^e  followed,  u^ing  a  25  to  50-cc.  sample.  The  distillate  is  titrated  with  stand- 
ard  iodine  according  to  procedure  given  for  arsenic  by  the  iodine  titratioii 
page  39. 

Barium  Chloride  in  Hydrochloric  Acid 

Fifty  cc.  is  evaporated  to  dr>^es8  and  then  over  a  low  flame  to  expel  SOj.  Tte 
reftidue  is  taken  up  with  1  cc.  of  1  : 1  HCl  and  50  cc.  of  water.  1  cc.  H^«  is 
added  and  the  precipitated  BaS04  filtered  off  and  weighed.  If  silica  is  present 
in  the  sample  its  weight  should  be  deducted.    BaSO«X0.8d23  ^BaCU. 

Total  Solids  and  Silica 

One  hundred  cc.  of  the  HCl  in  a  platinum  dish  is  evaporated  to  dryness  and  the 
residue  ignited  and  weighed.  5  cc.  of  HF  is  added  with  a  few  drops  of  HjSOi 
and  the  solution  again  evaporated  and  ignited.  The  first  xoeighi  =^total  solidi. 
The  loss  of  weight  in  the  second  ignition  ^SiOt, 


ANALYSIS  OF  HYDROFLUORIC  ACID 

The  following  constituents — ^hydrofluosilicic  sulphuric  and  sulphurous  acids— 
commonly  occurring  with  hydrofluoric  acid,  are  determined  in  the  analysis, 
along  with  the  hydrofluoric  acid,  by  titration.  Generally  the  acid  contains  a 
slight  residue  upon  ignition.  The  titrations  are  made  in  presence  of  KNOs,  first 
ice  cold,  and  then  completed  at  80°  C.  or  more.  The  cold  titration  gives  the 
hydrofluoric,  sulphuric  and  sulphurous  acids  and  one-third  of  the  hydrofluosilicic 
acid  and  upon  heating  the  titration  gives  the  remaining  two-thirds  of  the  HjSiFe, 
the  following  reactions  taking  place.  Titration  cold,  HjSiF6+2KNO,=KjSiF« 
+2HN0,(  =1  HiSiFe).  The  liberated  2HNO3  requiring  2NaOH.  Titration  hot. 
K,SiF4+4XaOH  =4NaF-h2KF+SiO,+2H,0(J  H^iFe). 

The  sulphuric  acid  is  determined  by  titration  with  NaOH,  upon  escpulsion  of 
the  accompanying  more  volatile  acids.  Sulphurous  acid  is  determined  by  titration 
with  standard  iodine. 

Special  Apparatus.  Chamber  burette  graduated  from  75  to  100  cc.  in  ^  cc. 
as  described  under  the  determination  of  sulphuric  acid,  oleum,  nuxed  acids,  et^r. 

Platinum  weighing  tube.  Length  about  5  cm.,  diameter  L4  cm.  The  tube 
fitted  with  a  platinum  cap  with  a  loop  top  to  facilitate  removal  by  means  of  a 
platinum  wire. 

Lead  thief  for  sampling. 

Special  Reagents. 

vnrmii/  9olution  of  NaOH.    1  cc.  =  .04903  gram  H,SO«. 


N  10  Iodine  Bolutiotu    1  cc.  =  .0041  gram  HjSO,. 
Phenolphthalein  indicator,  and  Starch  Bolution. 
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Details  of  Procedure.    Total  Acidity  and  Hydrofluosilicic  Acid 

A  catch  weight  of  the  acid  is  taken  by  pouring  the  acid  by  means  of  the  thief 
or  directly  from  the  paraffine  bottle  into  the  platinum  weighing  bottle,  such  a 
weight  being  taken  as  will  require  a  titration  of  from  75  to  100  cc.  of  the  normal 
caustic  solution.  (This  may  be  judged  by  a  preliminary  run  if  the  approximate 
value  is  not  known.) 

About  10  cc.  of  a  saturated  solution  of  KNOs  is  poured  into  a  large  platinum 

dish  (capacity  about  125  cc),  and  chipped  ice  added.    About  60  cc.  of  N/1  NaOH 

solution  is  run  in  from  a  burette  and  three  drops  of  the  strong  phenolphthalein 

added.    The  platinum  weighing  bottle  containing  the  sample  is  inverted  beneath 

the  surface  of  the  caustic,  the  cover  cautiously  removed  from  the  bottle  by  means 

of  a  heavy  platinum  wire,  so  as  to  allow  the  acid  to  mix  very  gradually  with  the 

standard  NaOH  (rapid  addition  is  apt  to  cause  loss  of  acid  by  fumes).     Standard 

N/1  NaOH  is  added  from  the  burette  until  the  first  permanent  pink  color  is 

obtained.     (The  end-point  will  be  uncertain  and  fading  unless  the  solution  is  kept 

N/1  NaOH 

cold — 0°C.)     The   reading   of  the   burette   is  noted — total  ,-rr- — r r^A. 

Wt.  of  sample 

The  dish   is  now  placed  on  a  hot   plate  and  the  solution  warmed  to  about 

80®  C.  and  the  titration  completed  with  the  N/1  NaOH  solution  to  a  permanent 

pink.    Additional  cc.  required  divided  by  weight  of  sample  =B.     (See  calculation 

u,t  close  of  procedure.) 

Sulphuric  Acid  in  Hydrofluoric  Acid 

About  5  grams  of  the  sample  are  weighed  in  the  platinum  capsule  and  trans- 
ferred to  a  large  platinum  dish,  the  capsule  being  rinsed  out  into  the  dish  with 
'^^ater.     The    solution  is  evaporated  on  the  steam  bath  to  small  volume  (the 
Evaporation  is  assisted  by  passing  a  hot  current  of  pure  dry  air  over  the  sample, 
see  procedure  for  oleum),  a  few  drops  of  wat^er  are  added  and  the  evaporation 
*>epeated;  no  odor  should  be  perceptible,  all  the  hydrofluoric,  hydrofluosilicic  and 
Bulphurous  acids  being  expelled.    The  sulphuric  acid  is  cooled,  taken  up  with 
100  CO.  of  COi-free  water,  three  drops  of  strong  phenolphthalein  added  and  the 
acid  titrated  with  N/1  NaOH  solution  in  a  50-cc.  burette.    The  cc.  titration 
divided  by  the  weight  of  the  sample  is  noted  as  C.     (See  calculations  at  the 
doae  of  the  procedure.) 

Sulphurous  Acid  in  Hydrofluoric  Acid 

Ten  grams  of  the  sample  are  weighed  in  a  tared  platinum  capsule  with  cover 
and  washed  into  a  large  platinum  dish  with  about  75  cc.  of  water.  N/10  Iodine 
solution  is  added  to  a  faint  yellow.  The  end  point  is  made  more  distinct  by  addi- 
tion of  a  little  starch  solution  near  the  end  of  the  reaction. 

One  cc.  of  N/10  I  =0.0041  g.  H,SO,.    cc.  N/10  1-5- wt.  of  sample  =D. 
Calciilatioii  of  Results. 
Factors.  HjSO*  X  0.4904 = H^iF.. 

H,SO4X0.4080  =  HF. 

One  cc.  N/10  1=0.0041  g.  HaSO«. 
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cc.  NaOH  for  total  acidity  (cold) 


Symbols.  A» 


B  = 


Weight  of  sample 
cc.  of  NaOH  additional  for  H,SiF.  (hot) 


C  = 


D- 


Weight  of  sample 
cc.  NaOH  for  H^SO* 


Weight  of  sample 

cc.  N/10  iodine. 
Weight  of  sample' 


Fonnuls  for  Calculatioii.    If  E»  value  of  1  cc.  of  the  standard  N/1  caustic 
in  terms  of  HSOa  then 

PercentHF  =  |A-^  -C)xEX0.408X100-0.2D: 


-(-1-) 


Per  cent  H2SiF6=-BXEX0.4904Xl00; 

Per  cent  H2SO4=CXEXl00; 
Per  cent  H,SO,  =DX0.0041  X 100. 

Residue.  This  is  determined  by  evaporation  of  15  to  20  grams  of  the  acid 
in  a  platinum  dish^  and  gentle  ignition  of  the  dry  residue. 

Notes  and  Precautions.  Weighings  should  be  made  quickly  in  covered  platinum 
wei^ng  bottles. 

The  end-point  in  the  cold  titration  is  the  first  pink  that  persists  for  15  seconds. 

It  is  advisable  to  weigh  out  the  sample  for  the  sulphuric  acid  determination  first 
and  start  the  evaporation  to  facilitate  more  rapid  results. 

Iodine  is  preferred  to  permanganate  for  titration  of  H|SOi  as  the  latter  also  titrates 
organic  matter  that  is  apt  to  occur  in  the  acid. 

The  residue  contains  FesOs,  AlaOs,  CaSOi,  CaF,  Alkalies,  etc. 


COMPLETE  ANALYSIS  OF  NITRIC  ACID 

The  acidity  of  nitric  acid  obtained  by  titration  with  standard  caustic  may  be 
due  not  only  to  HNOs  but  to  impurities  H2SO4,  HCl  and  lower  oxides  of  nitrogen, 
hence  for  extremely  accurate  analysis  it  is  essential  to  look  for  these  impurities 
and  make  allowances  accordingly  if  they  are  found  to  be  present.  Nitric  acid  may 
be  determined  directly  by  titration  with  ferrous  sulphate  according  to  the  pro- 
cedure given  in  detail,  page  515;  this  titration  will  include  combined  nitrates  as 
well  as  the  free  acid,  whereas  the  titration  with  caustic  includes  only  free  acids. 
In  addition  to  the  above-mentioned  impurities,  commercial  nitric  acid  frequently 
contains  free  chlorine,  chlorides,  chlorates,  iodine,  iodides,  iodates,  silica,  and 
suspended  solids;  the  last  is  reported  as  insoluble  residue.  In  an  analysis  of 
nitric  acid  the  impurities,  which  are  known  to  be  injurious  to  the  art  for  which  the 
acid  is  used,  are  looked  for  and  determined  if  present. 
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Determination  of  Total  Acidity 

As  in  case  of  mixed  acids  and,  in  fact,  all  accurate  determinations  of  acids  with 
caustic,  such  an  amount  of  the  sample  should  be  taken  as  will  require  a  titration 
within  the  limits  of  the  standard  chamber  burette — 75  to  100  cc.  For  normal 
caustic  this  would  require  4.726  to  6.3  grams  of  100%  HNOj  or  a  fifth  or  tenth  of 
thi  amount  for  N/5  or  N/10  NaOH.  From  the  specific  gravity  of  the  acid  its 
approximate  strength  can  be  obtained  by  referring  to  the  table  for  nitric  acid  and 
calculating  the  volume  and  approximate  weight  required  for  analysis  (see  example 
under  Methods  of  Weighing  Acids — Dilute  Acids — Non- Volatile  under  Ordinary 
Conditions,  page  506).    . 

The  acid  is  weighed  in  a  weighing  bottle,  or  in  the  Dely  weighing  tube  or  Lunge- 
Kay  pipette  if  it  is  a  fuming  acid.  The  titration  is  made  in  a  casserole,  the  acid 
being  mixed  with  150  to  200  cc.  of  COj  free  water  and  titrated  in  presence  of 
phenolphthalein  indicator.  (Methyl-orange  is  destroyed  by  nitrous  acid.)  The 
total  acidity  is  expressed  in  terms  of  HsSOa  if  other  acids  are  present. 

cc.  X/1  NaOH X. 049043X100  ^  „  ^^         .     ,     ,    TjcnNxioQr     xrvn 

-r—  .J.    i-^i \ =  per  cent  H2SO4  equivalent.  HjSO*  X 1 .285  =  HNOi. 

W  eight  of  the  sample 

T^-      .     1    1  .•     .   TTx.r^   cc.N/lNaOHX0.063018Xl00  .  xtxt^. 

Direct  calculation  to  HNOa ^^  .  , , — t—. -. =per  cent  HNOj. 

Weight  of  the  sample 

Determination  of  Sulphuric  Acid  in  Nitric  Acid 

About  10  grams  of  the  acid  are  evaporated  to  dryness  on  the  steam  bath.  The 
residue  is  taken  up  with  about  10  cc.  of  water  and  the  evaporation  repeated  until 
free  from  nitric  fumes,  the  residue  finally  diluted  to  100  cc.  and  the  sulphuric  acid 
titrated  with  N/5  NaOH/  using  phenolphthalein  or  methyl-orange  indicator. 
Gravimetrically  the  acid  may  be  precipitated  from  a  hot  solution  as  BaSO*  by 
addition  of  barium  chloride  reagent  according  to  the  method  for  determining 
sulphur. 

One  cc.  N/5  NaOH  =0.009809  gram  HjSO*. 

BaS04X  0.4202  =H,S04.  Per  cent  =  100  divided  by  weight  of  sample  XHjSO* 
obtained. 

Determination  of  Hydrochloric  Acid  in  Nitric  Acid 

A  5-  to  50-gram  sample  is  taken,  that  is  to  say,  a  sufficient  amount  of  the  acid 
so  that  a  weighable  amount  of  AgCl  may  be  obtained.  The  sample  is  nearly 
neutralized  with  NH4OH  (it  should  be  slightly  acid  with  HNO»)  and  a  slight 
excess  of  silver  nitrate  reagent  added  to  the  hot  solution;  the  mixture  is  stirred 
thoroughly,  then  allowed  to  settle  for  one  or  two  hours.  The  AgCl  is  filtered 
through  a  weighed  Gooch  crucible  containing  an  asbestos  mat,  then  washed, 
dried  and  ignited  at  a  low  red  heat.  (See  general  method  for  the  determination  of 
chlorine.) 

Factora.  AgClXO.2474   =C1.    AgCl X 0.2544  =HCL 

AgClXO.34212  =equivalent  HjSOi. 

Find  the  per  cent  HCl  and  the  per  cent  equivalent  HsSOi. 
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Lower  Oxides.    Determined  as  Nitrous  Acid 

For  practical  purposes  the  lower  oxides  of  nitrogen  that  may  be  present  ii 
nitric  acid  are  calculated  to  NjOs  or  HXOf.     If  it  is  desired  to  report  these  as  NA" 
the  conversion  factor  given  below  may  be  used.    The  lower  oxides  may  be  obtained 
by  titration  with  standard  permanganate,  other  reducing  agents  bcin^g  absent ; 
In  presence  of  organic  matter  titration  with  standard  iodine  solution  should  be ! 
made.     (See  general  procedure  for  determination  of  nitrous  acid,  etc.) 

It  makes  but  little  difference  whether  the  permanganate  is  added  to  the  sample 
containing  nitrite  or  the  sample  added  to  a  measured  amount  of  permanganate, 
provided  in  the  first  method  the  titration  be  made  as  rapidly  as  possible  to  prevent 
oxidation  taking  place  due  to  dilution  of  the  sample  with  water.  The  end-poiot 
in  the  first  procedure  is  quicker  and  sharper. 

Potassium  permanganate  oxidizes  nitrous  acid  to  nitric  according  to  the 
reaction  2KMn04-h5HN02+3H2S04  =K,S04+2MnS04+5HN0,+3H,O.  Tber^ 
fore  1  cc.  of  N/1  KMnO*  =0.02351  gram  HNO,  or  0.019  gram  NaOa. 

Twenty-five  cc.  of  the  acid  are  diluted  in  a  casserole  to  about  300  cc.  with  cold 
water,  and  25  cc.  of  dilute  H2SO4,  1  :  4  added.  The  solution  is  titrated  imme- 
diately with  N/5  KMn()4,  the  reagent  being  added  rapidly  at  first  and  finally 
drop  by  drop  as  the  end-point  is  approached.  The  reaction  near  the  end  is  apt 
to  be  slow,  so  that  time  must  be  allowed  for  complete  oxidation.  The  titration 
is  completed  when  a  pink  color  is  obtained,  that  i^ersists  for  three  minutes. 

cc.  N/5  KMn04X 0.004702=  gram  HNO,. 

100 
The  result  multiplied  by  -  —  -=  per  cent. 

wt.  sample 

HNOsX  1.0431  =  equivalent  HjSO*. 

Nitric  Acid 

From  the  total  acidity  expressed  as  H2SO4  is  subtracted  the  acidity  due  to  HCl 
and  HNO2  (lower  oxides  of  nitrogen)  expressed  in  terms  of  H2SO4.  The  remainder 
is  due  to  nitric  acid,  in  terms  of  sulphuric  acid. 

H,S04X  1.285  =HNO,. 

Determination  of  Iodine  in  Nitric  Add 

Fifty  cc.  of  the  acid  in  an  Erlenmcyer  flask  is  neutralized  with  caustic,  the  mix- 
ture being  cooled  in  running  water  during  the  operation.  The  solution,  poured  into 
a  separatorj"-  funnel,  is  made  acid  with  dilute  H2SO4  and  a  few  drops  of  1%  solution 
of  KN()2  added,  followed  by  al:)out  25  cc.  of  CS2  or  CCI4.  The  mixture  is  shaken 
to  extract  the  free  iodine  and  the  CSs  or  CCI4  drawn  off  and  the  extraction  repeated 
by  addition  of  KXOj  and  CSj  or  CCU  until  all  the  iodine  has  been  extracted. 
Iodine  present  as  iodide  is  extracted  by  this  method.  To  obtain  the  iodine  from 
iodate,  H2S  water  is  added  and  the  extraction  with  addition  of  NaNOa  and  CSa 
repeated. 

The  combined  extracts  are  washed  in  a  separatory  funnel  until  free  of  acid. 
The  iodine  is  now  titrated  with  standard  sodium  thiosulphate  by  adding  25  to 
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30  cc.  of  water  together  with  5  cc.  of  1%  sodium  bicarbonate  solution  (10  grams 
NaHCO,  per  liter+I  cc.  HCl). 

One  cc.  N/10  Na,S,03  =0.01269  gram  I. 

Reactions, 

2HI+2KNO,+H,S04  =  K,S04+2H20-|-I,+2NO; 

2Na2S,Oa+I, =2NaI-|-Na2S40e. 

Determination  of  Free  Chlorine  in  Nitric  Acid 

When  a  current  of  pure  air  is  passed  into  nitric  acid  containing  free  chlorine 
the  air  blows  out  the  chlorine.  If  air  aspirated  through  a  sample  of  nitric  acid  is 
passed  through  a  solution  of  potassium  iodide  the  free  chlorine  will  displace  the 
iodine.  The  liberated  iodine  may  now  be  titrated  with  standard  sodium  thio- 
sulphate  and  the  equivalent  chlorine  calculated. 

Total  Non-Volatile  Solids 

These  may  be  determined  by  evaporating  a  large  sample  of  100  to  200  cc.  of 
the  nitric  acid  to  dryness.  The  residue  is  heated  gently  to  expel  the  last  traces 
of  nitric  acid  and  then  washed  into  a  platinum  dish,  again  evaporated  to  dryness 
and  ignited  to  a  dull  red  heat.    The  residue  is  due  to  non-volatile  solids. 


FERROUS  SULPHATE  METHOD  FOR  THE  DIRECT  DETERMl- 

NATION  OF  NITRIC  ACID^ 

Although  the  test  for  nitric  acid  by  ferrous  sulphate  in  presence  of  strong  sul- 
phuric acid  has  long  been  known,  the  reagent  has  not  been  used  for  an  accurate 
quantitative  method  until  F.  C.  Bowman  and  W,  W.  Scott,  General  Chemical 
Company,  developed  the  procedure  herein  given.  Nitric  acid  may  be  determined 
quantitatively  in  arsenic  acid  by  titration  with  ferrous  sulphate  containing  free 
sulphuric  acid.  The  method  is  also  applicable  to  the  determination  of  nitric  acid 
in  phosphoric  acid  and  in  sulphuric  acid,  including  oleums  and  mixed  acids. 
The  reaction  in  phosphoric  acid  and  arsenic  acid  goes  further  than  it  does  in 
sulphuric  acid.    The  following  equations  represent  the  reactions  taking  place: 

Reaction  in  Arsenic  or  Phosphoric  Acids: 

6FeS04-h2HNO,+3H2S04  =3Fe,(S04),+2NO-h4H,0. 
Reaction  in  Sulphuric  Acid: 

4FeS04-h2HN03-h2H,S04  =  2Fe,(S04)3-hN,Oa-h3H,0. 

Oxidizing  agents  such  as  chlorates,  iodates,  bromates,  etc.,  interfere,  owing  to 
their  oxidizing  action  on  ferrous  sulphate,  hence  these  should  be  absent  from  the 
sample  or  allowance  made,  if  appreciable  amounts  are  present.  NaCl  up  to 
.002  gram  does  not  interfere;  larger  amounts  tend  to  lower  results.  KI  and  KBr 
react  in  a  similar  manner  to  NaCl,  0.002  gram  causing  no  interference.    KNOs 

»  The  Jour.  Ind.  Eng.  Chem.,  7,  766,  1915. 
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present  in  amounts  up  to  50%  of  the  HNOs  does  not  interfere.  The  sample 
should  not  contain  over  25%  water,  nor  should  the  temperature  exceed  60®  C. 
during  titration.    0.1  to  0.8  gram  HNOs  are  accurately  titrated,  in  sulphuric  acid. 

Special  Reagents  Required.    Standard  Ferrous  Sulphate. 

A.  Reagent  to  be  Used  in  Titration  of  Nitric  Acid  in  Sulphurie  AeUt 
Oleum,  etc.  170.5  grams  of  FeS04*  7HjO  are  di^5Solved  in  about  400  cc.  of  water, 
and  500  cc.  of  about  60%  H,S04  (1  vol.  66**  B6.  acid  per  1  vol.  H,0)  are  added 
with  constant  stirring,  and  the  solution  (cooled  if  necessary)  made  up  to  1000  oe. 
1  cc.  will  be  equivalent  to  0.02 ±  gram  HNOs,  the  exact  value  being  determined  by 
standardization. 

B,  Reagent  for  Titration  of  Nitric  in  Phosphoric  or  Arsenic  Acid.  Fe^ 
rous  sulphate  to  be  used,  should  be  made  up  as  follows:  264.7  grains  of  FeS0«. 
7H,0  is  dissolved  in  500  cc.  of  water,  50  cc.  of  66^  B^.  HjSO*  (93.2%),  added  and 
the  solution  made  up  to  1000  cc.  1  cc.  will  l)e  equal  to  approximately  0.02  gram 
HNOj.  The  exact  strength  is  ascertained  by  titrating  a  known  amount  of  nitik 
acid  in  phosphoric  or  arsenic  acid  upon  warming  to  40®  or  50®  C. 

Standard  Nitric  Acid.  The  acid  should  contain  about  40  grams  of  ESOi 
(100%)  per  liter  of  solution,  e.g.,  41  cc.  of  the  desk  reagent  (sp.gr.  1.42)  per  liter 
will  give  the  strength  desired,  the  exact  value  being  determined  by  titration  of  tbe 
acid  against  standard  caustic. 

Potassium  Bichromate,  N/2  KtCrtOi  Solution.  The  exact  value  in  tenns 
of  iron  should  be  known. 

Standardization  of  Ferrous  Sulphate  Reagent 

1.  Titration  against  standard  nitric  acid. 

A.  Reagent  to  be  Used  for  Determiruition  of  Nitric  in  Sulphurie  A^ 

10  cc.  of  the  standard  IINO3=0.4zt  g.  (the  exact  amount  having  been  aaccr* 
taincd),  is  run  into  100  cc.  of  66®  M.  (93.2%)  H,S04,  free  from  oxidizing  agents 
(HNO3,  etc.)  and  tlie  resulting  mixture  titrated  with  the  standard  FeSOi  solution     ^ 
according  to  the  directions  given  under  the  General  Procedure  f or  detenninioS 
UNO,  in  II2SO4,  page  517. 

Weiglit  of  HXOa  taken  divided  by  cc.  of  FeSO*  minus  0.2  cc.  "  ^grams  HNOi 
cc.  FeS()4. 

B.  Standardization  of  the  Reagent  Used  in  the  Determiruition  of  Nitric  i^ 
Arsenic  and  Phosphoric  Acids.  10  cc.  of  the  standard  HNOj  =0.4±  gram  (tl* 
exact  amount  having  boon  ascortain(\i)  is  run  into  100  cc.  of  HiAsO«,  or  HjPOfc 
according  to  tlic  product  to  be  titrated,  the  mixture  warmed  and  titrated  w^* 
cording  to  directions  given  under  Procedure  for  determination  of  HNOj  in  arsenic 
or  phosphoric  acid. 

Weight  of  HXO3  taken,  divided  by  cc.  FeS04  =  grams  HXOs  per  cc.  FeSO*. 

2.  Standardizing  Ferrous  Sulphate  with  Standard  Potassium  Dichrofliit^ 

A.  Reagent  to  be  Used  in  Determination  of  Nitric   in  Sulphurie  Adi» 

25  cc.  of  X,  2  K.Cr.O;  (or  125  cc.  X/10  KjCrjOr),  are  accurately  measured  cat 

*An  excess  of  0.2  oe.  FeSOi  is  requiriHl  to  prtxluce  the  desired  color  reactioo  in 
100  cc.  of  ])ure  H2S()4.  A  larper  blank  is  frequently  required,  as  HNOs  occurs  tftf 
iinpiiritv  in  H2SC)4.  100  ee.  should  be  tested  for  HNOj  and,  if  present,  the  blank  sot^ 
stituted  for  the  constant  0.2  cc.  The  burette  should  be  allowed  to  drain  three  minuttf 
before  taking  the  reading. 
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into  a  25G-CC.  beaker  and  the  solution  titrated  with  the  FeS04  reagent,  until  the 
first  fraction  of  a  drop  of  excess  produces  a  blue  color  with  potassium  ferricyanide 
indicator  on  a  spot  plate.  Usually  between  19  to  20  cc.  are  required.  The  iron 
value  of  the  dichromate  multiplied  by  0.6543=  gram  HNOi  for  the  total  cc.  of 
FeSOi  required  in  the  titration. 
Calculation. 

Since  N/2  KiCr^OT  =0.024517  gram  salt,  1  gram  K,Cr,07  =  1.13882  Fe,  there- 
fore 25  cc.  =0.024517X1.13882X0.5643X25=0.3939  gram  HNO,  equivalent. 

0.3939  divided  by  cc.  FeSO^  required  in  the  titration  =  grams  HNOj  equiv- 
alent per  cc. 

B.  Reagent  to  be  Used  in  Determination  of  HNOt  in  HiAsOa  or  H1PO4.  38 
cc.  of  KjCrjOz  solution  are  titrated  with  FeSOi  according  to  directions  given  in 
"  A  ".    The  Fe  value  multiplied  by  0.3762  =  gram  HNO,. 

CalcuUtioii.  38  cc.  of  KjCr^Oz =0.024517  XI. 13882X0.3762X38  =0.3991  gram 
HNOj  equivalent.  0.3991  divided  by  cc.  FeSO*  required  in  the  titration  » grams 
HNOs  equivalent  per  cc. 

Factors. 

K,Cr,07  to  Fe  =  1 .13882,  reciprocal  =  0.8781 . 

2Fe  to  HNO, =0.5643,  recip.  =  1 .  7722.    3Fe  to  HNO, =0.3762,  recip.  =  2.6582. 

HNO,  to  2FeS04.7H,0 =8.8235  recip.  =0.1 133. 

HNO,  to  3FeS04.7H,0  =  13.2348,  recip.  =0.07556. 

KjCr.a  to  HNO, = 0.6426,  recip.  =  1 .5562.     (Titration  of  A  reagent.) 

K,Cr,07  to  HNO, =0.4284,  recip.  =2.3342.     (Titration  of  B  reagent.) 


Note.  The  two  procedures  for  standardization  agree  closely.  The  following  results 
obtained  on  a  check  standardization  by  the  two  procedures: 

HNO,  as  Standard  — HNO,  equivalent  =  0.02068,  average  of  4  closely  agreeing 
titrations. 

KjCriO?  as  Standard  — HNO,  equivalent =0.02073,  average  of  4  closely  agreeing 
titrations. 

Runs  by  two  men  working  independently  checked  within  0.1  cc. 


General  Procedure.    Determination  of  Nitric  Acid  in 

Sulphuric  Acid 

The  procedure  is  applicable  to  the  determination  of  nitric  acid,  free  or  combined 
as  nitrate,  sulphuric  acid  being  used  as  the  medium  in  which  the  titration  is  made. 
Although  0.1  to  0.8  gram  HNOi  may  be  accurately  titrated,  it  is  a  general  practice 
to  have  the  nitric  acid  content  of  the  sample  taken  for  the  titration  about  the 
tune  as  the  amount  taken  in  standardization  of  the  FcSO^  reagent.  A  preliminary 
fun  on  the  original  material  is  made,  if  the  approximate  nitric  acid  content  is  not 
known.  Solids  are  dissolved  in  water  and  made  to  the  desired  volume,  strong 
5[NO»  is  diluted  with  water,  in  either  case  the  dilution  should  be  such  that  10  cc. 
of  the  solution  will  contain  approximately  0.4  gram  HNO,.  Mixed  acids  and  oleum 
Containing  over  10%  HNO,  should  be  mixed  with  additional  66"*  B6.  (93-hper  cent 
B^O«)  and  made  to  a  definite  volume,  an  aliquot  part  being  taken  for  titration. 


Evaluation  of  Nitric  Ai 

If  the  nitric  acid  is  knowD  to  be  free  of  oi  . 
with  caustic;  combined  nitrate  cannot  bo  titral. 
rately  determined  by  the  ferrous  sulphate  mel 
of  the  HNO)  or  salt  havlnR  been  determii  led  on 
terial  is  a  Bolid),  the  requiwitc  amount  i^  wdgili 
of  which  should  contain  not  more  than  O.S  crant. 
erably  about  0.4  gram. 

Example.  Suppose  1  cc.  required  a  titratit 
require  a  titration  of  438  cr. ,  whcnuts  20 
imatcly  22,  e.g.,  the  dilution  should  be  to  22  voh 
to  500  cc.  will  pvc  a  mixture  of  the  ilesirnl 
weighe<l  in  ik  weighinK  bottle,  the  aeid  wnsliei)  ii 
the  Kraduat^d  500-fc.  flask  and  made  to  \-oIum«.' 
made  in  two  or  three  minut«s. 

Titration.     A  250-cc.  beaker  containing  100 
(93+%)  is  placed  in  a  large  casserole  or  deep  poi 
10  cr.  of  the  sample  are  measured  out  ii 
to  contain  exactly  10  cc.    The  solution 
add,  the  delivcrj-  tip  of  the  pipette  being  kept  in 
vent  too  much  local  heating.     Since  the  sides  o' 
the  pipett«  should  be  kept  against  the  sides  in 
livery.    By  this  proce<lure  loss  of  nitric  acid  is 

Tlie  ferrous  sulphate  solution  is  now  added  fi 
the  yellow  color  that  first  forms  takes  on  a  faint'' 
The  pipette  in  now  rinsed  out  by  sucking  up  the  n^j 
the  beaker.     The  titration  is  now  completed,  addiu] 
drop  until  the  yoUiiwish  brown  color  ^aiii  up]>ci 
an  appreciabU-  darkening  of  the  solution.     A  In 
red  color.    With  small  amounts  of  HNOj  a  pink 
the  yellowish  brown.    The  end-ponit  once  rocoKni; 

Calculation.    The  cc.  titration  minus  the  cdiiataof 

the  factor  for  FoSO.=weight  of  HNOi 

per  cent  IINOj. 

Example.   SupiKise  10  cc.  equivalent  to  1/5Q  of  a 

22  cc.  FeSO,  whose  value  =  0.02  g.  HNO.  per 


Determination  of   Nitric  Acid   in    Oleum 

Ferrous  Sulphate   Meth 

The  rapidity  and  accuracy  of  the  metliiHl  for  cUt,  , 

acid  makes  it  valunlile  for  determining  nitric  a(■i^ 

Nitrated  oleums  may  be  weighed  and  titmieU  without 

'  The  author  (W.  W.  ScolO  found  this  method  exceac 

iivnihetic  nitric  acid  made  by  himself,  during  hia  invwiS 

tnix  acid  from  its  clementK.  ^ 

'See  Correction  Factor,  page  519. 
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^^  lining  large  percentages  of  nitric  acid,  however,  require  dilution 

'^ted  under  General  Procedure. 

ic^r  4  ;,  -  -  The  sample  may  be  weighed  in  a  Dely  weighing  tube  (see  analysis  of 

a--:  X—     1  acids) ,  or  in  a  standard  pipette  (5  cc.  generally  taken =9.61  grams). 

fc-":  .1   7!  f^f  the  sample  is  sucked  into  the  pipette,  a  rubber  tube,  with  glass 

r  :  -  r  rk  attached  to  the  upper  end,  to  which  suction  is  applied  without 

jr.--  _..  /  fcg  SO»  fumes  into  the  mouth,    A  little  vaseline  placed  on  the  tip 

I  r  r^  -    I  prevents  loss  of  acid  during  the  weighing.    In  routine  analysis, 

"  <  number  of  daily  samples  of  oleum  are  analyzed,  and  the  specific 

e  /  ^  »    -I  oleum  does  not  vary  appreciably,  5-  to  10-cc.  samples  may  be  drawn 

p..    . ,    IB  of  a  pipette,  and  titrated  without  weighing,  the  weight  being  cal- 

^*    ►      I  the  gravity. 

^- J^      *i8  run  under  cold  concentrated  H2SO4  (93%),  and  titrated  according 

"T  /i  under  General  Procedure  for  Nitric  acid.  A  blank  of  0.2  cc.^  having 
^'^^  led,  cc.  FeS04XHN0,  factor  for  FeSO4X100  divided  by  wt.  taken 
'-'  '  BXO,. 

r  <r  V  Jbn  Factor.    In  making  a  number  of  runs  with  varying  amounts  of  HNOs, 

r  .,-     ii  that  small  quantities  of  nitric  acid  required  a  proportional  greater  amount 

1^~    fcn  larger  quantities  of  HNOj.     For  example,  0.07392  gram  HNO»  required 

"— ^"^"  ID4,  four  times  the  amount  of  HNOi  required  15  cc.  FeSOi,  in  place  of  15.6, 

>  -.-  fed  six  times  0.07392  gram  HNOi  required  22.5  cc.  FeSO*  in  place  of  23.4.     It 

_:-  .-  Ired  that  even  traces  of  HNOi  required  a  titration  of  over  0.2  cc.     It  is  evi- 

--'  *  i^  deduction  of  0.2  cc.  makes  the  titrations  multiples  of  the  lowest,  e.g.,  3.7. 

'^'^  1  p2.3.     Again  it  was  found  that  standardization  of  FeS04  with  HNOj  checked 

-^  ^'  RXnate  factor  when  0.2  cc.  was  deducted  from  the  first  series  of  titrations.     This 

\' '-«  conclusion  that  a  constant  blank  of  0.2  cc.  should  be  deducted  from  the  ferrous 

titrations  of  nitric  acid  in  presence  of  100  cc.  of  nitric  free  sulphuric  acid, 

~*  Apanson  of  results: 

^4  value  by  HNOs  corrected =0.02067  gram.    Uncorrected  =  0.02045  gram  HNOg. 

'  |04  value  by  K,Crs07  titration  =0.02083  gram  UNO,. 

'.  4eimu7  of  the  Ferrous  Sulphate  Method.    Results  obtained  by  the  ferrous  sul- 

J  method  agree  closely  with  those  obtained  by  the  nitrometer.     The  following 

were  obtained  by  Mr.  B.  S.  Clark,*  bv  the  FCSO4  method,  on  nitrated  oleums. 

Ii|(ures  below  the  first  row  are  checks  obtained  on  these  samples  by  purchasers  of 

ieid,  the  nitrometer  method  being  used. 

JO4  method.  2.40;  2.82;  3.23;  3.35;  3.52;  3.50;  3.48;  3.57;  3.53;  3.56. 

jometcr  method.  2.35;  2.79;  3.26;  3.39;  3.57;  3.53;  3.50;  3.58;  3.57;  3.56. 

ference.  0.05;  0.03;  0.03;  0.04;  0.05;  0.03;  0.02;  0.01;  0.04;  0.00. 

termination  of  Nitric  Acid  in  Arsenic  and  Phosphoric  Acids 

by  the  Ferrous  Sulphate  Method 

A  direct  procedure  for  the  determination  of  nitric  acid  in  arsenic  acid  or  phos- 
>ric  acid  has  been  sought  on  account  of  the  inaccuracy  of  the  evaporation 
thod,  since  it  is  difficult  to  completely  expel  HNOa  from  these  acids.    Ferrous 

*  Back  titrations  of  the  excess  of  FeS04  may  be  made  with  standard  K2Cri07,  using 
ferricyanide  spot  test  for  ferrous  iron. 

Sp.gr.  of  twelve  average  samples  of  oleum  had  a  difference  of  only  0.01.  5cc. 
gns  9.61  grams.  This  is  found  convenient  for  analysis.  10  cc.  =s  19.22  grams  will 
aUy  give  a  titration  of  about  20+cc.  on  the  usual  nitrated  oleum. 

*  formerly  Chemist  U.  S.  Works,  G.C.C.,  Camden,  N.  J. 
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sulphate,  in  presence  of  sulphuric  acid,  quantitatively  titrates  nitric  in  arsauc 
acid,  the  following  reaction  taking  place: 

6FeS04+2HN0,+3H^04+xH,As04-3Fe,(S04)s+2N0+4H,0+xH,AsO4. 

The  procedure  is  applicable  to  the  determination  of  nitric  acid  in  phosphoric 
acid,  the  end-point  being  sharper  in  this  acid  than  in  arsenic.  The  procedure  gives 
very  excellent  results  in  either  acid  and  is  reconunended  for  accuracy  and 
rapidity. 

Standardization  of  Ferrous  Sulphate  has  already  been  given  under  special 
reagents.  It  must  be  remembered  that  the  arsenic  or  phosphoric  acid  diluents 
should  be  free  from  nitric  acid  or  the  blank  on  100  cc.  be  ascertained  and  de- 
ducted from  titrations  made  in  this  diluent. 

Procedure.  The  amount  of  the  sample  to  be  taken  is  governed  by  the  nitric 
acid  present  as  an  impiu-ity.  This  may  be  quickly  determined  by  a  preliminary 
run  on  a  10-cc.  sample,  the  diluent  being  the  same  acid  (HNOs  free)  as  the  acid 
titrated. 

Example.  Suppose  10  cc.  require  a  titration  of  4.5  cc.  of  FeS04,  whereas  a 
titration  of  20  cc.  is  desired,  then  20X10-7-4.5  ==44.44  cc.  of  the  sample  required. 

The  required  amount  of  the  acid  is  measured  out  and  weighed,  if  its  sp.gr.  is 
not  known.  The  acid  is  poured  into  a  4-in.  casserole  and  diluted  with  100  cc. 
of  nitric  free  acid  of  the  same  kind  as  that  being  titrated.  The  mixture  is  gently 
warmed  to  40  to  50^  C.  and  titrated  with  standard  ferrous  sulphate  reagent  to  a 
permanent  yellowish  brown.  Towards  the  end  of  the  titration  the  acid  will  boil 
with  each  addition  of  the  FeS04  and  the  characteristic  reddish  yellow  fumes  will 
be  given  off.     (This  does  not  occur  in  titrations  of  HNOs  in  H1SO4.) 

When  very  small  amounts  of  nitric  acid  are  present  it  is  often  necessary'  to 
add  a  known  amount  of  HNOs  to  start  the  reaction.  The  titration  in  excess  of 
that  required  by  the  added  HNOs  is  due  to  the  nitric  acid  in  the  sample.  Very 
small  amounts  of  HNOj  produce  a  pink  color. 

Calculation  cc.  FeS04XHN08  factor  for  FeSO4X100  divided  by  weight  taken 
=per  cent  HNO3. 

Factors.    Fe  to  HNO,  =  0.3762.    Reciprocal  =  2,6582. 

Note.    In  a  20-gram  sample  1  cc.  0.02  reagent  =0.1%  per  cc. 


DETERMINATION  OF  NITROUS  ACID  OR  NITRITE 

PERMANGANATE  METHOD 

Principle.  Potassium  permanganate  reacts  with  nitrous  acid  or  a  nitrite  as 
follows: 

5N20,+4KMn04+6H2S04=5NA+2K,S04+4MnS04+6H,0. 

5HN02+2KMn04+3H2S04=5HNO,+K,S04+2MnS04+3H,0. 

Since  2KMn04  in  acid  solution  has  five  available  oxygens  for  oxidation  of  sub- 
stances (e.g.,2KMn04  =  Kj0.2MnO+50  equivalent  to  lOH)  the  molecular  weights 
of  the  constituents  divided  by  20  in  the  first  equation  and  by  10  in  the  second  would 
represent  the  normal  weights  per  liter,  e.g.,  SNaOj  divided  by  20=76  divided  by 
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4  =  19  grams  N,0,  per  liter.  4KMn04  divided  by  20  or  2KMn04  divided  by  10 
==158.03  divided  by  5=31.61  grams  of  KMnO*  per  liter  for  a  normal  solution. 
In  the  second  equation  if  Na  represents  the  univalent  element  we  would  have 
5NaN0j  divided  by  10  or  69  divided  by  2  =34.5  grams  per  liter.  Hence  1  cc.  of 
a  normal  KMnOi  solution  would  oxidize  0.019  gram  NjOj  or  0.0345  gram  NaNOi 
to  form  NaOft  and  NaNOa  respectively. 

Organic  matter  is  also  oxidized  by  KMnO*  hence  will  interfere  if  present. 

Special  Reagents. 

N/5  Potassium  Permanganate.  The  solution  contains  (i322  grams  KMnOi 
per  liter.  i 

N/5  Sodium  Oxalate.    Na2Cj04  reacts  with  KMn04  as  follows: 
5Na2C,04+2KMn04+8H,S04  =  K2S04+2MnS04+5Na,S04+  lOCOj+SHjO. 

Hence  5Na2C204  divided  by  10  or  134  divided  by  2=67  giams  per  liter  =  a 
normal  sodium  oxalate  solution.  A  N/5  solution  requires  13.4  grams  NaiCj04 
per  liter. 

Preparation  of  the  Sample. 

Soluble  Nitrites.  Ten  grams  of  the  nitrite  are  dissolved  in  water  and  made 
to  1000  cc;  10  cc.  contain  0.1  gram  of  the  sample. 

Water-insoluble  Nitrites.  0.5  to  1.0  gram  of  the  nitrite  according  to  the 
amount  of  nitrous  acid  present  is  taken  for  analysis.  An  excess  of  KMnOi  solu- 
tion is  added,  followed  by  dilute  H2SO4  and  the  excess  standard  permanganate 
titrated  with  sodium  oxalate  according  to  directions  given  under  Procedure. 

Nitrous  Acid  in  Nitric  Acid  and  Mixed  Acids.  This  is  present  generally  in 
"Very  small  amounts  so  that  a  large  sample  is  taken.  The  amount  and  details  of 
the  procedures  are  given  under  the  special  subject. 

Procedure.  For  accurate  work  a  chamber  burette  is  recommended,  as  in  case 
^f  titration  of  acids,  graduated  from  50  cc.  to  100  cc.  Since  the  readings  will  fall 
l>etwecn  these  extremes  the  sample  should  contain  an  equivalent  of  0.19  to  0.38 
KTam  N2O3,  or  0.345  to  0.69  gram  NaNOj  or  0.426  to  0.85  gram  KNOa.  In  soluble 
*^nimercial  nitrites,  NaNd  or  KNO2,  50  cc.  of  the  above  solution  (0.5  gram)  are 
S^nerally  sufficient  for  titration.  A  preliminary  run  will  show  approximately  the 
^'^ount  of  nitrite  present  and  the  amount  of  sample  taken  is  governed  accordingly. 
Por  routine  work  where  a  number  of  daily  determinations  are  made,  a  50-cc. 
^Urette  Is  generally  preferred.    Half  the  above  samples  must  then  be  taken. 

Trial  Rua.  If  the  approximate  strength  of  the  salt  is  not  known  the  following 
*^t  may  be  quickly  made  to  ascertain  whether  more  than  50  cc.  of  solution  is 
^^<i»Bary  and  the  approximate  amount  of  KMn04  required  for  oxidation. 

Ten  cc.  of  the  solution  together  with  100  cc.  of  water  are  placed  in  a  4-in. 

^^sserole  and  about  10  cc.  of  dilute  H2SO4,  1:1,  added.    Standard  KMn04  from 

^Jj50-cc.  burette  is  now  run  into  the  sample  until  a  permanent  pink  color  is  obtained. 

*he  cc.  of  KMnO*  multiplied  by  5  =  the  approximate  amount  of  permanganate 

^lution  required  for  oxidation  of  50  cc.  of  sample.    An  excess  of  5  to  10  cc.  should 

^  taken  in  the  regular  run. 

Titration  of  Nitrite.  Fifty  cc.  of  the  solution  (or  more  or  less  as  the  case 
^y  require)  are  placed  in  a  4-in.  ca.sserole  and  standard  KMn04  added  in  quantity 
Sufficient  to  completely  oxidize  the  nitrite  together  with  5  to  10  cc.  in  excess,  as 
ascertained  by  the  trial  run.    Ten  cc.  of  dilute  H2SO4  are  added  and  the  sample 
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placed  on  the  hot  plate  until  the  mixture  reaches  a  temperature  of  70**  to  80**  C. 
About  25  cc.  more  of  the  dilute  acid  are  now  added  and  the  excess  permanganate 
titrated  in  a  hot  (approx.  80°  C.)  solution  with  N/5  sodium  oxalate.  The  XaiCjOi 
solution  should  be  a<lded,  from  a  25-cc.  burette,  cautiously  allowing  time  for 
reaction  with  each  addition.  When  the  pink  color  fades  the  reading  is  taken.  A 
drop  of  N/5  KMn04  should  restore  the  t)ink  color.  Total  permanganate  taken 
minus  the  back  titration  with  oxalate  -cc.  KMn04  required  by  the  nitrite. 

One  cc.  N/5  KMnO*  =0.0038  g.  N,Oa,  or  0.0069  g.  NaNO,,  or  0.0085  g.  KNO^ 


THE  ANALYSES  OF  OLEUM  OR  FUMINQ  SULPHURIC  ACID 

AND  OF  MIXED  ACID 

The  analyses  of  fuming  sulphuric  acid  and  mixed  acid  are  placed  under  one 
general  scheme  as  the  procedure  for  oleum  is  included  in  that  of  mixed  acid.  The 
term  oleum  is  given  to  strong  sulphuric  acid  containing  free  S0»,  the  ambined 


Fig.  84. — Method  for  Rapid  Evaporation  of  Liquids. 

water  in  the  ])rodu('t  decreasing  (along  with  sulphuric  acid)  with  the  increase  of 
free  SO3  or  sulphuric  anhydride.  Mixed  acid  is  the  technical  name  for  the  mixture 
of  strong  sulphuric  acid  and  nitric  acid  or  of  oleum  and  nitric  anhydride,  the 
product  ])cing  commonly  used  in  nitrating  glycerine,  cotton  and  other  materials. 
The  analysis  includes  the  determinations  of  H2SO4,  HNO,,  NjOt,  NjOs  and  in  the 
case  of  oleum,  the  determination  of  SOj.  In  the  presence  of  the  latter,  HNOj  is 
assumed  to  lose  its  combined  water  according  to  the  reaction: 

2HN(),-hS0a  =  H,S04+N,06 

In  absence  of  nitric  acid  8O2  may  be  present.  It  is  assumed  that  if  HNOj  is 
present  tlic  SOj  is  oxidized  to  SO3  witli  formation  of  HjSO*  and  the  anhydrides 
SO3  and  N2O3  according  to  the  reaction. 

X20,+H2()-h2SO,  =N20,-hSO,+H,S04 

Some  dicmists  ])rcfcr  to  express  the  reaction: 

2HXO3+8O2  =H^04+N,04. 

The  analysis  is  carried  out  by  tliree  titrations — (a)  determination  of  total 
acidity,  {b)  dotorniination  of  sulphuric  acid  including  SOs  free  in  case  of  oleum, 
(c)  determination  of  lower  oxides. 
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For  economy  of  time  the  following  order  should  be  observed:  The  sample 
for  the  determination  of  sulphuric  acid  and  free  SOt  (oleum)  should  be  weighed, 
dilut^Kl  with  water  according  to  the  detailed  procedure  and  placed'  on  the  steam 
bath  for  evaporation.  During  the  evaporation  the  titration  for  total  acidity  of 
the  sample  and  the  titration  for  the  lower  oxides  are  made  and  finally  that  of  oleum 
on  the  evaporated  sample. 

Special  Reagents. 

Normal  Sodium  Hydroxide.    One  cc.  =0.04904  gram  H1SO4. 

Tenth  Normal  Potassium,  Permanganate.  3.16  grams  KMn04  per  liter. 
Standardized  against  N/10  solution  of  Sorensen^s  Sodium  Oxalate.  (See  Prepara- 
tion of  Standard  Reagents.)    One  cc.  =0.0019  gram  X2O3,  or  0.002351  gram  HNO2. 

Procedure.    Total  Acids 

The  sample  is  accurately  weighed  by  one  of  the  procedures  recommended  for 
strong  acids.  The  Dely  weighing  tube  is  excellent  for  this  purpose.  Such  a  weight 
being  taken  as  will  require  a  titration  between  75  and  100  cc,  e.g.,  containing  an 
equivalent  of  3.675  grams  to  4.9  grams  HjS04.  The  acid  is  now  run  under  cold 
CO2  free  water  according  to  directions  (above  reference),  and  the  acid  titrated 
with  N/1  solution  of  NaOH. 

n  XT  r^u     i^nAai^A      xi  en       r-  1     w    *  .  CC.  NaOH X. 04904X1 00 

One  cc.  NaOH = 0.04904  g.  H1SO4.    Calculate  to  per  cent  ,.7-7- ;-—  7-r  t  rTfTi • 

Weight  of  Acid  Taken 

Lower  Oxides 

Ten  cc.  of  the  sample,  weighed  in  a  pipette  with  capillary  delivery  tip,  are 
cautiously  run  into  about  400  cc.  of  cold  water,  keeping  the  delivery  tip  well  under 
the  water  and  in  rapid  motion  to  prevent  overheating  through  local  action.  The 
mixture  is  titrated  with  N/10  KMn04  until  a  pink  tint  is  obtained  that  does  not 
fade  in  three  minutes. 

1  cc.  N/10  KMnO4  =  0.0019  g.  N2O3.  (N,0,  to  N2O4  factor  =2.42.) 

1  cc.  N/10  KMn04= 0.0046  g.  NA. 

1  cc.  N/10  KMnO4=0.00235  g.  HNO2.        Equivalent  H2SO4  =0.0049043  g.  per  cc. 

1  cc.  N/10  KMn04  =  0.0032035  g.  SO2. 

1  cc.  N/10  KMn04  =  0.004 1043  g.  H.SO,. 

Note.    With  exactly  N/10  KMn()4  on  a  19-gram  sample  1  cc.  =0.01%  NjO|. 

Sulphuric  Acid  and  Free  SO3 

The  sample  is  weighed  in  a  Dely  tube  and  run  under  cold  water,  as  in  case 
of  total  acids,  using  in  this  case  about  45  to  50  cc.  of  water  in  a  4-in.  casserole. 
•Xbe  s<jlution  is  evaporated  on  the  steam  bath  to  expel  the  volatile  acids,  lower 
oxides  and  nitric.  The  evaporation  is  hastened  by  blowing  a  current  of  hot,  dry, 
pure  air  over  the  sample.  (Air  purified  by  passing  through  a  glass  wool  or  asbestos 
dust  filter.    It  is  heated  by  passing  it  through  a  coil  kept  in  the  steam  bath — see 
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cut.)    About  5  cc.  of  water  are  added  and  this  again  evaporated  off.     The  acid 
thus  obtained  is  HjS04+S0a. 

The  acid  is  taken  up  with  water  and  titrated  with  standard  caustic,  using  COi 
free  water  and  phenolphthalein  indicator. 

One  cc.  N/1  NaOH  « 0.004904  gram  HjSO*. 

Nitric  Acid 

This  may  be  obtained  from  the  above  determinations  according  to  calculations 
following.  It  may  be  obtained  by  direct  titration  with  standard  ferrous  sulphate, 
by  running  a  weighed  amount  of  mixed  acid  into  100  cc.  of  cold  sulphuric  acid  and 
titrating  to  a  yellowish  red  tint.  For  the  detailed  procedure  see  Nitric  Acid, 
page  515. 

Calculation  of  Results. 

A.  Nitric  Acid  and  SOt  being  Absent, 

The  total  acidity  is  calculated  to  S0».  Reference  is  made  to  the  table  for 
Oleum  from  which  the  per  cent  H2SO4  and  free  S0»  arc  obtained. 

Example.  Suppose  the  total  acidity  in  terms  of  SOs  was  found  to  be  S4.2. 
The  acid  contains  86%  H2SO4  and  14%  free  SO,. 

B.  Nitric  Acid  Absent,  SOt  is  Present  in  the  Mixture. 

Total  SO3.  From  total  acidity  as  SO,  subtract  SOiXl.25  (i.e.,  equivalent 
SO,). 

Combined  water.    100  -  (total  SO,+SO,)  =  H,0. 

Combined  SO3.    H2OX  4.4445  =  SO,  equivalent  or  combined  SOi. 

Free  SO3.    Total  SO,  -  combined  SO, = free  SO,. 

Sulphuric  acid.     Combined  SO3+H2O. 

Example.  If  SOt  was  found  to  be  2%  and  the  total  acidity  in  terms  of  SOi 
«83.5% 

Total  SO,  =83.5  -(2  X  1.25)  =81%. 

Water  =  100  -  (81  -f  2)  =  17%.  RepoH 

Combined  SO,  =  17  X 4.4445  =  75.56%.  Sulphuric  acid  =  92.56%. 

Free  SO,  =81  -75.50  =5.44%.  Free  SO,  =5.44. 

Sulphuric  acid  =75.56+17  =92.56%.  SO,  =2.00.     Total  100. 

C.  Nitric  Acid  Present  and  SO2  Absent. 

Nitric  acid  in  presence  of  free  SO,  is  assumed  to  be  the  anhydride  N,0*. 
N20rj.     From  the  total  acidity  is  subtracted  the  acidity  after  evaporation,  both 
being  calculated  to  equivalent  SO,.    The  difference  multiplied  by  1 .349  =  per  cmt 

NA. 

H2O.    Total  SO,  (after  evaporation)-!- NjO^  subtracted  from  100= H,0. 
Combined  SO3.     11 .0 X  4.4445  =  SO,  equivalent  to  H,0. 
Free  SO3.    Combined  SO,  subtracted  from  total  SO,=free  SO,. 
Sulphuric  acid.    Conibhied  SO, + HjO = HjSOi. 

Example.  If  total  acidity  =  84%  in  terms  of  SO,  and  the  total  SO,  (after 
evaporation)  =  82%.  then  the  difference  2X  1.349  =  2.698%  N,0». 
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Water=  100-  (82+2.698)  =  15.302%.  RepoH 

:k)mbined  80,=  15.302X4.4445  =  68.01%.  H,S04= 83.312%. 

Free  SO,  =  82  -  68.01  =  13.99%.  Free  SO,  =  13.980%. 

H2S04= 68.01 +15.302 =83.312%.  N,06=  2.698%. 

Total  100. 
D.  NiOi  Required  to  be  Reported  as  HNOi,  96%.^ 
HNO3,   96%  =  SO,   equivalent    (acid   expelled  by  evaporation)  X  1.64.     100 

-  per  cent  HNO,  (96%)  =  Oleum.    Total  SO,  in  oleum  =  ^^^^,^^!^^'. 

per  cent  oleum 

Reference  to  the  oleum  table  will  give  the  per  cent  free  SOa  in  the  oleum. 

Example.  Suppose  total  acidity  in  terms  of  SO,  =  84%  and  the  SO,  after 
evaporation  =  82%,  then  HNO,,  96%  =  the  difference =2X1.64 =3.28%  HNO, 
96%). 

Oleum  =  100 -3.28  =96.72%. 

Total  SO,  in  oleum  =  100X82  divided  by  96.72  =84.78. 

From  the  oleum  table  84.78  gives  17.10%  free  SO,. 

Report 

Nitric  acid,  96%  =  3.28% 
Oleum  =96.72% 

Free  SO,  =17.10% 

Total  SO,  =84.78% 

The  nitric  acid  and  oleum  make  a  total  of  100. 

FomiulcB  for  Diluting  or  Strengthening  Solutions,* 
To  dilute  a  solution  with  water: 

(a)^=X;  F=Z-X;       or        (b)  ^^=Y. 

To  dilute  a  strong  with  a  weaker  liquid: 

(a)^^=K;  X-Z=Y;  or  (b)  ^^^Y. 
To  strengthen  a  weak  with  a  stronger  liquid : 

(a)|^=X;        y=Z-X;        or        (6)  |^=X. 

A  =  actual  concentration  of  the  solution  that  is  to  be  corrected; 

^= concentration  of  the  diluting  solution; 

C  =  concentration  of  the  strengthening  solution; 

Z>  =  desired  concentration; 

X= amount  of  the  stronger  solution  to  be  added,  taken  or  prepared; 

y  =  amount  of  weaker  solution  to  be  added  or  taken; 

Z= amount  of  solution  desired  or  given. 

All  data  are  in  terms  of  weight  of  the  constituents. 

1  This  is  the  usual  strength  of  the  commercial  concentrated  acid. 
'Compiled  by  J.  B.  Bamitt. 
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FUMING  SULPHURIC  ACID  EQUIVALENTS 


TciUl 

Equivalent 

P«T  Cent 

Per  Cent 

Total 

1  Equivalent 

Per  Cent 

1 

!  Ptf  cm 

80s 

Ht80« 

Vn  e  BOs 

SOs 

HdB04 

Hf804 

1 

!  FmSOk 

81. (V^ 

100.00 

100 

0 

90.82 

111.25 

50 

f        50 

81 .82 

100.23 

99 

1 

91.00 

111.48 

49 

;        51 

82  (K) 

100.45 

98 

2 

91.18 

111.70 

48 

i       52 
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ANALYSIS  OF  ACETIC  ACID 

The  acidity  of  acetic  acid  may  be  determined  by  titration  with  standard  caustic^ 
using  phenolphthalein  as  indicator. 

About  4  to  5  grams  of  glacial  acetic  acid  or  a  corresponding  amount  of  dilute 

acid  are  taken  for  analysis,  being  weighed  out  in  a  weighing  bottle  or  other  suitable 

,  container  used  for  strong  and  weak  acids.    The  acid  is  mixed  with  about  250  cc. 

of  water  and  titrated  in  the  presence  of  phenolphthalein  indicator  with  normal 

caustic. 

One  cc.  N/1  NaOH  =0.06003  gram  CH,COOH. 

Impurities  in  Acetic  Acid 

The  more  important  impurities  that  are  looked  for  in  commercial  acetic  acid 
are  formic  acid,  furfurol,  acetone,  sulphuric  acid,  sulphurous  acid,  hydrochloric 
acid,  metals. 

In  the  examination  of  the  acid  the  physical  appearance — turbidity  and  color 
are  noted. 

Formic  Acid  in  Acetic 

Qualitatiye.  Ten  cc.  of  the  acid  (glacial  diluted  1  :  10)  are  heated  with  1  gram 
of  sodium  acetate  and  5  cc.  of  5  per  cent  mercuric  chloride  solution.  A  turbidity 
indicates  formic  acid. 

Quantitative.  Five  grams  of  glacial  acetic  acid  or  corresponding  quantity  of 
dilute  acid  are  treated  with  5  grams  of  sodium  acetate  and  40  cc.  of  mercuric 
chloride  solution  (5  per  cent)  and  30  cc.  of  water  added.  The  mixture  is  heated 
in  a  flask  with  a  return  condenser,  the  flask  being  surrounded  by  steam.  The 
precipitated  mercurous  chloride,  HgCl,  is  filtered  off,  dried  and  weighed. 

Weight  of  HgClX  0.0977  =:^  formic  acid  equivalent. 

Furfurol  in  Acetic  Acid 

Qualitative.  Aniline  dissolved  in  pure  glacial  acetic  acid  (5  cc.  aniline  in  2  cc. 
glacial  acetic  acid)  and  added  to  100  cc.  of  the  sample  will  produce  a  red  color  in 
presence  of  furfurol. 

Quantitative.  The  test  may  be  made  quantitative  by  comparing  the  color 
produced  with  standard  solutions  containing  known  amounts  of  furfurol.  One 
gram  of  redistilled  furfurol  is  dissolved  in  100  cc.  of  95  per  cent  alcohol.  1  cc.  of 
this  solution  is  diluted  to  100  cc.  with  95  per  cent  alcohol.  1  cc.  =0.001  gram 
of  the  reagent. 

Test  for  furfurol  in  vinegar.  Fifty  cc.  of  the  vinegar  is  neutralized  with 
sodium  hydroxide,  and  15  to  20  cc.  are  distilled.  Two  cc.  of  colorless  aniline  and 
0.5  cc.  of  hydrochloric  acid  (1 :  12)  added.  The  mixture  is  warmed  to  about  15** 
C.  for  a  few  minutes  and  the  color  compared  with  standards  prepared  in  the  same 
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Gravimetric  Method  with  Phloroglucid 

Place  a  (]uantity  of  the  material,  chosen  so  that  the  weight  of  phloro^ucid 
obtained  shall  not  exceed  0.300  gram,  in  a  flask,  together  with  100  ec.  of  12  per 
cent  hydrochloric  acid  (specific  gravity,  1.06),  and  several  pieces  of  recently 
heated  pumice  stone.    Place  the  flask  on  a  wire  gauze,  connect  with  a  condenser, 
and  heat,  rather  gently  at  first,  and  so  regulate  as  to  distill  over  30  cc.  in  about 
ten  minutes,  the  distillate  passing  through  a  small  filter  paper.     Replace  the 
30  cc.  driven  over  by  a  like  quantity  of  the  dilute  acid  added  by  means  of  a  separa- 
tory  funnel  in  such  a  manner  as  to  wash  down  the  particles  adhering  to  the  sides 
of  the  flask,  and  continue  the  process  until  the  distillate  amounts  to  360  cc.    To 
the  completed  distillate  gradually  add  a  quantity  of  phloroglucol  (purified  if  neces- 
sary) dissolved  in  1 2  pc^r  cent  hydrochloric  acid  and  thoroughly  stir  the  resultios 
mixture.    The  amount  of  phloroglucol  used  should  be  about  double  that  of  the  fur- 
fural cxpcct<^d.    The  solution  first  turns  yellow,  then  green,  and  very  soon  an 
amorphous  greenish  i)recipitate  appears,  which  grows  rapidly  darker,  till  it  finally 
becomes  almost  black.     Make  the  solution  up  to  400  cc.  with  12  per  cent  hydro- 
chloric acid,  and  allow  to  stand  overnight. 

Filter  the  amorphous  black  precipitate  into  a  tared  Gooch  crucible  through 
an  asbestos  felt,  wash  carefully  with  150  cc.  of  water  in  such  a  way  that  the  water 
is  not  entirely  removed  from  the  crucible  until  the  ver>'  last,  then  dry  for  four 
hours  at  the  tomporature  of  boiling  water,  cool  and  weigh,  in  a  weighing  bottle, 
the  increase  in  weight  being  reckoned  as  phloroglucid.  To  calculate  the  furfural 
pentose,  or  jKjntosan  from  the  phloroglucid,  use  the  following  formulas  given  by 
Krober: 

(«)  For  weight  of  phloroglucid  "  a  "  under  0.03  gram. 

Furfural  =  (a + 0.0052)  X  0.5 170. 
Pentoses  =  (a-f  0.0052)  X  1.0170. 
IVntosiius  =  (a  4-0.0052)  X0.8049. 

(6)  For  weight  of  ])hlon)ghu'id  **  a  "  over  0.300  gram. 

Furfural  =  (a  4-0.0052)  X  0.51 80. 
P(Mitosi^  =  (a  4-0.(K)52)  X 1 .0026. 
IVntosiins  =  (a4-0.(K)52)  X0.8824. 

For  weight  of  ]ihKm)gUu'id  "a  "  from  0.03  to  0.300  gram  use  Kr6l>er's  table 
or  the  f(>lU>wing  formulas: 

Furfural  =  la4-0.0052)  X0.5185. 
lViitos«»s  =  (a4-0.(K)52)  X 1 .0075. 
lVuti»siuis  -  Ui  4- 0.(X)52)X 0.8866. 

Tho  }>hlon)cluiH)l  is  j^uritiod  by  nxTv^tallization  fwm  hydrochloric  acid.  For 
dotails  oi  the  pnuvilun*  siv  Rullotin  107,  U.  8.  Dept.  of  Agriculture,  Bureau  (rf 
Cheinistry.     O'^l*-.  pagi*  54.^ 

.\cetone  in  .Acetic  Acid 

Fiftivn  gnims  of  glacial  acetic  acid,  or  a  corresponding  amount  of  weak  acid, is 
treat^Hi  with  70  oc.  iH»tassium  hydn^xide  {\0  per  cent  solution),  or  sufficient  caustie 
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to  make  the  solution  slightly  alkaline.  The  solution  is  cooled  and  25  cc.  N/5 
iodine  solution  added  and  sufficient  hydrochloric  acid  to  make  the  mixture  faintly 
acid.  The  excess  of  iodine  is  titrated  with  N/5  sodium  thiosulphate,  using  starch 
indicator.  The  total  iodine  solution  taken  minus  the  equivalent  cc.  of  thiosulphate 
=  the  iodine  combined  with  the  acetone,  then  the  weight  of  iodine  in  grams  mul- 
tiplied by  0.07612  -grams  acetone  in  the  sample. 

Sulphuric  Acid  in  Acetic  Acid 

This  is  best  determined  by  the  turbidity  test.  About  5  cc.  of  the  sample  are 
taken  and  1  drop  of  hydrochloric  acid  and  half  a  cc.  of  10  per  cent  barium  chloride. 
The  turbidity  is  now  compared  with  a  standard  pure  acetic  acid  solution  containing 
a  known  quantity  of  BaS04,  the  standard  being  added  to  a  comparison  cylinder 
until  the  turbidity  is  the  same  as  that  of  the  sample,  which  has  been  diluted  to  a 
convenient  volume  in  a  Nessler  tube  or  similar  comparison  cylinder.  The  appara- 
tus used  in  determining  small  amounts  of  titanium,  lead,  etc.,  is  suitable  for  this 
test.  In  this  case  the  glowing  wire  or  filament  of  an  incandescent  light  is  viewed 
through  the  solutions,  the  brightness  of  the  wire  acting  as  a  guide  in  matching  the 
solutions. 

Sulphurous  Acid  in  Acetic  Acid 

This  is  best  detected  by  placing  in  a  small  flask  about  20  cc.  of  the  sample, 
adding  5  cc.  of  strong  hydrochloric  acid  and  about  3  grams  of  zinc  and  covering 
with  a  filter  paper  saturated  with  lead  acetate.  The  blackening  of  the  paper 
indicates  SOi  in  the  sample  (e.g.,  reduced  to  HjS  by  the  hydrogen  generated  by 
the  zinc). 

The  sulphurous  acid  is  best  titrated  with  N/10  iodine  solution,  using  starch 
indicator. 

Hydrochloric  Acid  in  Acetic  Acid 

Determined  by  the  turbidity  test  as  in  case  of  sulphuric  acid,  silver  nitrate 
solution  being  used  to  precipitate  AgCl,  and  nitric  acid  substituted  for  hydrochloric 
acid. 

Metals  in  Acetic  Acid 

Total  Solids.  Ten  to  100  grams  of  the  acid  is  evaporated  to  dr3mess  in  a 
platinum  dish.    The  residue  contains  the  non-volatile  solids. 


ACETATES 

Two  to  5  grams  of  the  material  is  placed  in  a  Kjeldahl  flask  connected  by  means 
of  a  condenser  to  a  receiving  flask  containing  half  normal  caustic.  About  20  cc. 
of  85  per  cent  phosphoric  acid  are  added  and  about  150  cc.  of  water.  Gentle  heat 
is  applied  and  gradually  increased.  About  100  cc.  of  the  solution  is  distilled  into 
the  caustic.  Additional  hot  water  is  added  to  the  residue  in  the  Kjeldahl  flask 
and  the  distillation  continued.  This  is  repeated  until  about  800  cc.  of  solution 
has  been  distilled  over.  The  COj  is  boiled  out  of  the  distillate,  a  reflux  condenser 
being  used  to  prevent  loss  of  the  acetic  acid.    If  the  solution  is  alkaline,  a  known 
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amount  of  acid  Ls  added  and  the  COs  boiled  out.    The  excess  acid  is  now  titrated 
and  the  amount  of  acetic  acid  in  the  distillate  calculated. 

One  cc.  N72  NaOH  =0.030015  gram  CH,COOH. 

CHsCOOHX  1.3169  =Ca(CH3C0,),,  or  X  1.1.3663  =CH,COONa. 

Acetates  of  the  Alkalies  and  Alkaline  Earths.  In  absence  of  other  organic 
acids,  nitrates,  etc.,  a  quick  method  is  suggested  by  Sutton  (Vol.  Anal]^.,  X.  Ed., 
p.  91).  The  salts  are  converted  into  carbonates  by  ignition  and  the  residae 
titrated  with  normal  acid. 

One  cc.  N/1  acid -0.06003  gram  CHaCOOH. 


CITRIC  ACID 

The  free  acid  may  he  titrated  with  sodium  hydroxide,  using  phenolphthaleiD 
indicator.    One  cc.  N/1  alkali  =0.07  gram  cr>'atallized  citric  acid. 


VOLUMETRIC  ESTIMATION  OF  FREE  ACTD  IN  PRESENCE  OF 

IRON  SALTS 

The  red  precipitate  formed  when  solutions  containing  iron  are  titrated  with 
caustic  makes  it  difficult  to  detect  the  end-iK)int  of  neutralization;  the  method  8U|5- 
gested  by  C.  A.  Ahlum^  takes  advantage  of  the  white  compound  formed  by  fw- 
cipitating  the  iron  as  a  phosphate  and  the  fact  that  monosodiiim  pho^hate  is 
neutral  to  methyl-orange  indicator. 

Reactions 

Foo(S04')3+2NaH2P04+  x  free  acid  =2FeP044-Na,S04+x  free  acid+2H,S04, 
or  2FeCl3+2NaHoP04+  x  free  acid=2FeP04+2NaCl+  x  free  acid+4HCL 

The  acid  equivalent  to  ferric  iron  Ls  deducted  from  the  total  acid  found,  the 
excess  acid  being  due  to  the  free  acid  in  the  solution. 

Procedure.  To  the  solution  containing  the  iron  and  free  acid  is  added  an  excess 
of  C.P.  solution  of  monosodium  phosphate  (neutral  to  methyl-orange),  and  then 
a  few  droj)s  of  the  indicator.  The  acidity  of  the  solution  is  now  detennined  by 
titration  with  standard  caustic  in  the  usual  way,  the  solution  being  cold.  FrMD 
this  titraticm  the  total  free  and  combined  acid  are  calculated. 

Iron  is  now  determined  in  a  separate  portion  by  titration  with  stannous  chlcwide 
or  dichroniate. 

Calculation. 

(A)  Fe2( )3X  1.2285  =  g.  H.SO4  (com])ined).    Fe2O,X0.9135  =g.  HCl  (combined). 

(B)  Olio  cc.  N  /')  NaOH  =  .00981  gram  H^SO*  or  .00729  gram  HCl. 

Total  acid  (B)  minus  combined  acid  (A)  =/rcc  acid, 

1  C.  A.  Ahlum,  The  Analyst,  81,  168,  1906. 
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ESTIMATION    OF   THE    CARBONATES    AND    HYDRATES    OF 
POTASSIUM  AND  SODIUM  WHEN  TOGETHER  IN  SOLUTION  ^ 

Procedure.  A  measured  volume  of  the  solution  is  titrated,  using  phenolphtha- 
lein  as  indicator.  The  acid  used  is  equivalent  to  all  of  the  hydrate  and  half  the 
carbonate ;  methyl  orange  is  now  added  and  the  titration  completed ;  the  additional 
amount  of  the  acid  used  is  equivalent  to  half  the  carbonate,  therefore  the  amount 
of  acid  required  for  the  carbonates  and  for  the  hydrates  can  be  calculated  from 
these  figures. 

The  fully  neutralized  solution  is  evaporated  to  dryness  and  the  residue  weighed. 
The  result  is  the  weight  of  the  mixed  sulphates,  due  to  the  carbonates  and  hydrates 
of  potassium  and  soda  in  the  solution. 

Calculate  the  total  acid  required  to  its  equivalent  of  potassium  sulphate,  sub- 
tract from  this  result  the  weight  of  the  mixed  sulphates,  and  the  difference  is  due 
to  the  sodium  sulphate  in  the  mixed  sulphates,  owing  to  the  difference  in  the  molecu- 
lar weights  of  potassium  sulphate  and  sodium  sulphate.  The  whole  of  the  acid 
used  has  been  calculated  to  potassium  sulphate,  and  as  the  acid  was  neutralized 
by  carbonates  and  hydrates,  it  is  evident  the  proportion  of  total  sulphate,  due  to 
the  carbonates  and  hydrates,  is  equivalent  to  the  amount  of  the  acid  used  for  each 
respectively;  therefore  the  proportion  of  the  above  obtained  difference  due  to  the 
carbonates  and  the  hydrates  respectively  is  also  proportional  to  the  amount  of 
acid  used  for  each. 

Example.  A  solution  of  the  mixed  carbonates  and  hydrates  of  potassium  and 
sodium  required : 

(40  cc.  XaOH  :  40  cc.  KOH)  80  cc.  of  acid  to  neutralize  the  hydrates. 
(10  cc.  NasCOa  :  10  cc.  K2CO3)  20  cc.  of  acid  to  neutralize  the  carbonates. 
100  cc.  total  acid  required  to  neutralize  the  solution. 

Total  acid  100  cc.  calculated  to  K2SO4  =0.87  gram. 

Total  neutralized  solution  evaporated  to  dryness  (K2S04+Na2S04)  =0.79  gram. 
Difference  due  to  NajS04  in  weighed  sulphates  =0.08  gram. 

(K,S04-Na,S04)  :  Na,S04  :  :  Diff  : 

32  :     142     :  :  0.08  :  0.355  Na2S04  present  in  the  mixed  sul- 

fates. 

And  the  mixed  sulphates  0.79  gram  —0.355  =0.435  K2SO4  present  in  the  mixed 
sulphates. 

Therefore  the  mixed  sulphates  consist  of  Na2S04  0.355  gram,  K2SO4  0.435  gram. 

The  proportion  of  the  acid  used  for  the  hydrates  is  80/100  and  for  the  car- 
bonates is  20/100. 

Therefore  the  proportion  of  the  difference  (0.08)  due  to  Na2S04  from  the  hydrate 
NaOH  Is  0.08X80/100  =0.064.     For  the  carbonates  =0.08X20/100  =0.016. 

Bv  the  above  ratios  32  :  142  :  :  0.064  :  0.284  Na2S04  from  NaOH  =40  cc. 
N/10  acid.    32  :  142  :  :  0.016  :  0.071  Na^SO*  from  Xa^CO  =10  cc.  acid. 

» W.  A.  Bradbury  and  F.  Owen.    C.  X.,  107,  2778,  85  (Feb.  21,  1913). 
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SO  cc.  acid  used  for  the  hydrates     =0.696    KjSO*. 

0.284  Na^04  from  the  NaOH         =0.348    KtSO*. 

Difiference  =  KSOa  from  KOH        =  0.348  =  40  cc.  N/10  acid, 

20  cc.  acid  used  for  the  carbonates  =0.174. 

0.071  Na,S04  from  the  Na,CO,       =0.087. 

Difference  =  K2SO4  from  K,CO,       =  0.087  =  10  cc.  acid. 

The  figures  correspond  with  the  quantities  taken. 

* 

80  cc.  of  acid  to  neutralize  the  hydrates. 
20  cc.  of  acid  to  neutralize  the  carbonates. 

f  NaOH  0.284  =40  cc.  acid  ] 
NaiSO*  =0.355  i    ^    _^  .,     80  cc.  acid. 

[  Na,CO,  0.071  =10cc.  acid  J 


K2SO4  =0.435 
Totals      0.790 


KOH     0.348  =40  cc.  acid 
^  KjCOi  0.087  =  10  cc.  acid  ^ 

0.790(a)  100 


20  cc.  acid 


Calculate  these  sulphates  to  the  corresponding  hydrates  and  carbonates. 

The  author  uckiiowledges  the  assistance  rendered  by  Mr.  J.  P.  Kelly  and  B.» 
Clark  by  review  and  criticism  of  this  chapter. 
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Probably  at  no  other  time  has  the  importance  of  a  water  supply,  either  for 
domestic  or  industrial  purposes,  been  so  great,  as  in  these  early  years  of  the  twen- 
tieth century.  The  increasing  realization  of  the  effect  of  contaminating  materials, 
both  organic  and  inorganic,  on  a  municipal  or  private  drinking  supply — and 
history's  record  of  the  devastating  nature  of  epidemics  due  to  water-borne  disease 
organisms,  have  led  to  the  careful  investigation  of  water  for  its  sanitary  value 
and  the  development  of  materials  and  equipment  to  fight  and  eliminate  such 
contamination,  and  have  increased  many  hundreds  of  per  cent  the  factor  of  safety 
to  the  public  health.  In  like  manner,  and  even  to  a  greater  extent,  has  the  value 
of  water  for  industrial  uses  been  a  matter  for  careful  consideration.  It  is 
hard  for  the  public  to  realize  the  immense  quantities  of  water  used  for  industrial 
purposes,  not  only  for  the  development  of  steam  and  electric  power,  but  also  for 
purposes  of  manufacture. 

From  the  standpoint  of  power  development  we  are  familiar  with  the  heat 
losses  and  the  increased  operating  expenses  due  to  scale  formation  in  the  steam 
or  locomotive  boiler,  and  also  to  the  continued  rapid  decrease  in  valuation  of 
boiler  property,  or  of  power  plant  property,  due  to  corrosion  or  rusting.  Another 
element  of  trouble  which  is  noticed  not  so  much  in  stationary  boiler  practice  as 
in  locomotive  boiler  practice,  is  the  element  of  foaming  and  priming  of  a  water, 
^hich  results  in  much  more  rapidly  putting  the  steam  raiser  out  of  active  service 
:han  either  of  the  other  types  of  trouble. 

From  the  standpoint  of  plant  deterioration  due  to  rusting  and  corrosion  one 
las  only  to  look  to  the  great  mass  of  works  on  the  corrosion  of  iron  and  steel  which 
ire  largely  results  of  the  growing  need  for  some  information  as  to  the  cause  and 
>ossible  prevention  of  this  particular  phase  of  trouble. 

Little  work  has  been  done  so  far  on  the  actual  theory  of  foaming  troubles  in 
vater,  although  Mr.  Stabler  of  the  United  States  Geological  Survey  considers  it 
luite  thoroughly  in  several  Government  bulletins  with  which  he  has  been  con- 
nected.* 

In  the  world  of  industry  the  action  of  a  hard  water  upon  soap  consumption 
las  been  known  for  centuries,  and  for  a  considerable  period  of  time  the  value  of 
t  water  was  determined  largely  by  the  amount  of  soap  that  it  would  consume 
end  render  insoluble.  This  same  hardness  has  a  noticeable  effect  in  the  textile 
ndiistry,  in  bleaching  and  dyeing,  in  the  canning  industry,  especially  when  the 
vater  supply  contains  such  substances  in  large  quantities.  In  the  photo- 
3^phic  industry  the  presence  of  chlorides  in  water  and  certain  alkalies  is  a  source 
t{  considerable  trouble,  and  in  every  case,  before  any  intelligent  effort  can  be  made 
o  overcome  these  troubles,  a  complete  analysis  of  the  water  is  necessary. 

It  shall  be  our  purpose  in  the  methods  which  follow  to  give,  where  it  is  possible, 
irst  a  system  of  analysis  whereby  a  complete  analysis  can  be  made,  and  to  follow 

» Water  Supply  Paper  274  and  254  (Supplement). 
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SO  cc.  acid  used  for  the  hydrates    =0.696    KjSO*. 

0.284  Na,S04  from  the  NaOH         =0.348    K^O*. 

Difference  =K2S04  from  KOH         =0.348  =40  cc.  N/10  acid. 

20  cc.  acid  used  for  the  carbonates  =0.174. 

0.071  Na,S04  from  the  Na,CO,       =0.087. 

Difference  =  KjSO*  from  K,CO,       =  0.087  =  1 0  cc.  acid. 

The  figures  correspond  with  the  quantities  taken. 

80  cc.  of  acid  to  neutrahze  the  hydrates. 
20  cc.  of  acid  to  neutralize  the  carbonates. 


NatSO*  =0.355 


'  NaOH  0.284  =40  cc.  acid 
NaaCO,  0.071  =  10  cc.  acid 


80  cc.  acid. 


KOH     0.348  =  40  cc.  acid 
K,S04  =0.435  20  cc.  acid 

1  KaCO,  0.087  =  10  cc.  acid  J 


Totals     0.790 


0.790(a)  100 


Calculate  these  sulphates  to  the  corresponding  hydrates  and  carbonates. 

The  author  acknowledges  the  assistance  rendered  by  Mr.  J.  P.  Kelly  and  BA 
Clark  by  review  and  criticism  of  this  chapter. 
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1.246  grams  potassium  platinic  chloride  (PtCl42KCl)*  containing  0.5  gram 
of  platinum  and  1  gram  crystallized  cobalt  chloride  (C0CI26H1O)  containing  0.25 
gram  cobalt  (Co),  are  dissolved  in  water  with  100  cc.  hydrochloric  acid  and  made 
to  one  liter  with  distilled  water.  This  solution  is  diluted  with  distilled  water  for 
comparative  purposes,  but  a  water  with  a  color  greater  than  70  should  be  diluted 
prior  to  comparison.  The  standards  for  observation  should  be  in  100-cc.  Nessler 
tubes  with  the  mark  20-25  cm.  above  the  bottom  and  should  be  viewed  vertically 
downwards  to  a  white  reflective  surface. 

Standard  glass  disks  are  used  by  the  United  States  Geological  Survey  *  in  place 
of  the  above  standard. 

Odor.  Observations  should  be  made  both  on  cold  and  hot  samples.  Note 
should  be  made  immediately  on  opening  containers  as  some  odors  are  very  tran- 
sient and  rapidly  disappear. 

Cold.  Shake  sample  violently  in  collecting  bottle,  same  to  be  about  half  full. 
Remove  glass  stopper  and  smell  at  neck  of  bottle. 

Hot.  Use  either  open  beaker,  400  cc,  containing  150  cc.  sample  well  covered 
and  heated  nearly  to  boiling,  or  sealed  glass  stoppered  bottle  or  saponification 
flask,  heating  fifteen  minutes  just  under  boiling.  Allow  to  cool  slightly,  remove 
stopper,  shake  and  smell.  Designate  odor  as  aromatic,  grassy,  earthy,  musty, 
fishy,  putrid,  disagreeable,  peaty,  sweetish,  etc.  The  following  table  expressing 
intensity  of  odor  is  copied  from  the  American  Public  Health  Association  Standard 
Methods,  1913,  p.  12: 


Numerical 
Value. 

Term. 

Approximate  Definition. 

0 

None. 

No  odor  perceptible. 

1 

Very  Faint. 

An  odor  that  would  not  be  detected  ordinarily  by  the  average 
consumer,  but  that  could  be  detected  in  the  laboratory  by 
an  experienced  observer. 

2 

Faint. 

An  odor  that  the  consumer  might  detect  if  his  attention  were 
called  to  it,  but  that  would  net  attract  attention  otherwise. 

3 

Distinct. 

An  odor  that  would  be  detected  ret*dily  and  that  might  cause 
the  water  to  be  regarded  with  disfavor. 

4 

Decided. 

An  odor  that  would  force  itself  upon  the  attention  that  might 
make  the  water  unpalatable. 

£ 

Very  Strong. 

An  odor  of  such  intensity  that  the  water  would  be  absolutely 
unfit  to  drink.  A  term  to  be  used  only  in  extreme 
cases. 

Taste.  May  be  made  on  hot  and  cold  samples.  A  simple  statement  following 
largely  the  terms  applied  to  odor  in  expressing  results,  brackish,  astringent,  salty, 
sweetish,  etc. 

^  Care  should  be  taken  that  this  be  the  bright  yellow  platinic  salt,  and  not  con- 
taminated with  the  reddish  platinous  salt. 

«  App.  made  by  Builders  Iron  Foundry,  Providence,  R.  I. 
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CHEMICAL  TESTS 

Free  Ammonia 

Apparatus.     The  apparatus  for  this  determination  should  be  as  far  as  pi 
sibic  free  from  joints  or  connectious  that  are  subject  in  any  way  to  outn 


contamination  or  to  decomposiljon.  The  apparatus  is  composed  of  a  distiUatk 
flask  and  a  concicnscr,  with  posuibly  a  safety  tube  located  somewhere  near  the  fla! 
to  avoid  tlie  possible  carrying  over  of  impurities  in  connection  with  the  steal 
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Reagents.    1.  Ammonia-free  Water. 

2.  Standard  Ammonium  Chloride  Solution.  Dissolve  3.82  grams  of  ammo- 
nium chloride  in  1  liter  of  distilled  water.  Dilute  10  cc.  of  this  to  1  liter  with 
ammonia-free  water.     1  cc.  =0.00001  gram  of  nitrogen. 

3.  Nessler's  Solution.  Dissolve  50  grams  of  potassium  iodide  in  the  smallest 
possible  quantity  of  cold  water.  Add  a  saturated  solution  of  mercuric  chloride 
until  a  faint  show  of  excess  is  indicated.  Add  400  cc.  of  50%  solution  of  potassium 
hydrate.  After  same  has  clarified  by  sedimentation,  make  up  to  1  liter  with 
water,  allow  to  settle  and  decant. 

Optional  Method.  Dissolve  61.75  grams  of  potassium  iodide  in  250  cc.  of  redis- 
tilled water,  and  add  a  cold  solution  of  mercuric  chloride  which  has  been  saturated 
by  boiling  with  excess  of  salt.  Pour  in  the  mercury  solution  cautiously,  and  add  an 
amount  just  sufficient  to  make  the  color  a  permanent  bright  red.  With  a  little 
practice  the  exact  depth  of  color  can  be  easily  duplicated.  It  will  take  a  little  over 
400  cc.  of  the  mercuric  chloride  solution  to  reach  this  end-point.  Dissolve  the  red 
precipitate  by  adding  exactly  .75  gram  of  potassium  iodide.  Then  add  150  grams 
of  i)otassium  hydrate  dissolved  in  250  cc.  of  water.  Make  up  to  1  liter.  Mix 
thoroughly  and  allow  the  precipitate  formed  to  settle.  Pour  off  the  supernatant 
liquid.    Mercuric  chloride  increases  the  sensitiveness  and  potassium  iodide  decreases  it. 

Operation.    Clean  apparatus  thoroughly  as  follows: 

Fill  a  flask,  which  for  most  satisfactory  results  should  be  an  800-cc.  Kjeldahl 
flask,  with  500  cc.  of  distilled  water.  Add  a  pinch  of  c.p.  sodium  carbonate  and 
distill  first  of  all  with  no  running  water  in  the  condenser  jacket  until  free  steam 
blows  through  the  apparatus.  Then  turn  on  condenser  water  and  distill  off 
approximately  250  cc,  testing  the  last  50  cc.  with  Nessler's  solution,  and  this 
portion  should  not  show  color  in  fifteen  minutes'  time.  The  flask  is  then  emptied 
of  the  remaining  water,  500  cc.  of  the  water  to  be  analyzed  placed  therein,  and 
if  acid,  neutralized  with  c.p.  sodium  carbonate.  A  slight  excess  hurries  the 
ammonia  liberation  but  also  tends  to  cause  bumping.  The  distillation  is  then 
started,  distilling  6  cc.  to  10  cc.  per  minute,  and  three  separate  portions  of  50  cc. 
each  are  caught  in  Nessler  jars.  After  150  cc.  is  distilled  the  flame  should  be 
removed.  To  each  50-cc.  portion  add  2  cc.  Nessler's  solution  and  after  ten 
minutes'  standing  compare  with  standards  from  the  standard  ammonium  chloride 
solution. 

Albuminoid  Ammonia 

Reagent.  1.  Alkaline  Potassium  Permanganate.  Dissolve  200  grams  of 
potassium  hydrate  and  8  grams  c.p.  pK)tassium  permanganate  in  1250  cc.  of 
water,  boil  down  to  1  liter  and  bottle  while  still  wann. 

Operation.  Add  50  cc.  alkaline  potassium  permanganate  solution  and  several 
pieces  of  washed  and  ignited  pumice  to  the  water  remaining  in  the  flask  from  the  free 
ammonia  determination  and  continue  the  distillation,  taking  off  four  or  five 
separate  portions  of  50  cc.  each  in  Nessler  jars.  Add  2  cc.  Nessler's  solution 
to  each  and  after  ten  minutes  standing  compare  color  ^ith  standard  as  in  the  free 
ammonia  determination. 

Organic  Nitrogen 

While  this  determination  is  not  usually  made  we  give  it  for  the  sake  of  com- 
pleteness. 

The  portion  of  sample  from  the  free  ammonia  determination,  or  a  new  por- 
tion freed  from  free  ammonia  by  distillation,  is  acidified  with  5  cc.  C.P.  sulphuric 
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acid  (nitrogen-free)  and  digested  in  a  hood  until  colorless  and  HtSOi  fumes  aie 
given  off.  A  little  ignited  pumice  will  guard  against  bumping.  Remove  from 
flame,  add  potassium  permanganate  in  small  portions  until  a  heavy  greenish 
precipitate  persists,  cool,  dilute  with  ammonia-free  water,  neutralise  with  10% 
Na^COj  solution  (NHs  free),  distill  into  Nessler  tubes  and  compare  as  in  free  and 
albuminoid  ammonia. 

Permanent  standaixts  ^  can  be  made  using  potassium  platinic  chloride,  2  grams 
dissolved  in  water,  100  cc.  strong  hydrochloric  acid  and  made  to  1  liter;  and 
cobalt  solution,  12  grams  cobaltous  chloride  (CoCU  6HsO)  dissolved  in  distilled 
water,  100  cc.  strong  hydrochloric  acid  added  and  made  to  1  liter.  The  follow- 
ing table  represents  the  amounts  used,  to  be  made  to  50  cc.  with  distilled  wat^ 
in  Nessler  tubes  for  comparison,  the  150-cc.  mark  being  20-25  cm.  above  the 
bottom,  but  should  be  checked  against  Nesslerized  standards  and  the  Nessler 
solution  modified,  if  necessary,  until  the  standards  agree.  This  is  accomplished 
by  varying  the  amounts  of  potassium  iodide  and  mercuric  chloride. 


Equivalent  VoluriM! 

of  Standard 

Platinum  Solution, 

Cobalt  Solution, 

Ammonium  Chloride, 

cc. 

cc. 

cc. 

0.0 

1.2 

0.0 

0.1 

1.8 

0.0 

0.2 

2.8 

0.0 

0.4 

.  4.7 

O.I 

0.7 

5.9 

0.2 

1.0 

7.7 

0.5 

1.4 

9.9 

1.1 

1.7 

11.4 

1.7 

2.0 

12.7 

2.2 

2.5 

15.0 

3.3 

3.0 

17.3 

4.5 

3.5 

19.0 

5.7 

4.0 

19.7 

7.1 

1                4.5 

19.9 

8.7 

1                5.0 

20.0 

10.4 

6.0 

20.0 

15.0 

7.0 

20.0 

22.0 

Nitrogen  as  Nitrite 

Reagent.  1 .  Sulphanilic  Acid.  Dissolve  8  grams  of  the  acid  in  1  liter  of  acetic 
acid,  specific  gravity  1 .04.    This  is  practically  a  saturated  solution  and  keeps  well. 

2.  Naphthylamine  Acetate.  Dissolve  5  grams  of  a-naphthylamine  in  1  liter 
of  acetic  acid,  specific  gravity  1.04,  and  filter  through  absorbent  cotton  (previ- 
ously washed). 

Note.  A  slightly  pink  color  resulting  on  standing  does  not  materially  interfere 
with  the  use  of  this  solution. 

3.  Sodium  Nitrite  Solution.  Dissolve  1.1  grams  of  silver  nitrite  in  nitrite-free 
water.    Precipitate  the  silver  with  sodium  or  potassium  chloride  solution  and  dilute 

^  Permanent  Standards  (Jackson,  Tech.  Quart.,  1900,  vol.  13,  p.  320.) 
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to  1  liter.  Dilute  100  cc.  of  this  solution  to  1  liter  and  then  10  cc.  of  this  second 
solution  to  1  liter  with  sterilized  nitrite-free  water,  adding  1  cc.  of  chloroform 
and  holding  in  a  sterilized  bottle.    1  cc.  =0.0001  milligram  of  nitrogen. 

Operation.  Take  100  cc.  of  the  water  after  filtration  and  clarification, 
preferably  with  aluminum  hydrate,  to  remove  possible  suspended  iron  and  ma- 
terial which  might  interfere  with  color  production.  Add  2  cc.  each  of  solutions 
No.  1  and  No.  2.  After  ten  minutes'  standing  compare  with  standards  made  up 
from  the  standard  sodimn  nitrite  solution  (No.  3). 


Permanent  Standards 

Cobalt  Solution.  Dissolve  24  grams  of  cobaltous  chloride  (CoCla-GHaO)  in 
distilled  water,  add  100  cc.  of  strong  hydrochloric  acid  and  make  up  to  one  liter 
with  distilled  water. 

Copper  Solution,  Dissolve  12  grams  of  dry  cupric  chloride  (CuCU -21120) 
in  distilled  water,  add  100  cc.  of  strong  hydrochloric  acid  and  make  up  to  one  liter 
with  distilled  water. 

The  standards  are  used  in  100-cc.  tul)e8  with  the  mark  12-14  cm.  above  the 
bottom.  The  following  table  gives  the  proportions  of  each  solution  to  be  made 
up  to  100  cc: 


cc.  Cobalt  Solution. 

cc.  Copper  Solution. 

p.p.m.  Nitrite  per 
100  cc.  of  Water. 

.0 

1.1 

3.5 

6.0 

12.5 

.0 
1.1 
3.0 
5.0 
8.0 

.000 
.001 
.003 

.005 
.010 

The  solutions  to  use  for  100  cc.  of  water  are  the  old  ones,  as  follows:  1  cc. 
of  hydrochloric  acid  (1  :  4),  2  cc.  of  sulphanilic  acid  (8  grams  per  liter),  and 
finally  2  cc.  of  naphthylamine  hydrochloride  (8  grams  per  liter  with  10  cc.  of 
strong  hydrochloric  acid),  and  allow  color  to  develop  twenty  minutes. 

Note.  Volume  28,  page  742,  J.  Soc.  Chem.  Ind.,  calls  attention  to  the  possibility 
of  a  permanent  standard  composed  of  a  solution  of  acid  magenta  (fuchsine-S^  acid 
fuchsme  according  to  Weigert).  According  to  this  article,  0.2  of  a  ^am  of  this  dye 
is  dissolved  in  50  cc.  of  2/N  HCl  and  maofe  up  to  2000  cc.  with  distilled  water.  Of 
this  solution  200  cc.  are  mixed  with  50  cc.  of  2/N  HCl  and  again  diluted  to  2000  cc. 
with  distilled  water.  From  this  latter  solution  standard  solutions  can  be  prepared 
containing  various  quantities,  these  standards  bein^  made  up  to  200  cc.  with  distilled 
water  after  the  addition  of  5  cc.  of  2/N  HCl.  Considerable  wcrk  is  being  done  on  this, 
but  the  standards  have  not  yet  been  accepted  in  this  country.  However,  standards 
can  be  made  by  matching  these  solutions  against  standards  prepared  in  the  usual  way 
and  their  permanence  is  much  greater  than  such  standards. 

Nitrogen  as  Nitrate 

Phenolsulphonic  Acid  Method 

Reagent.  1.  Phenolsulphonic  Acid.  Dissolve  25  grams  of  pure  white  phenol 
in  150  cc.  of  pure  concentrated  sulphuric  acid,  add  75  cc.  of  fuming  sulphuric 
acid  (13%  SOj),  stir  well  and  heat  for  two  hours  at  about  100**.^ 

1  Jour.  Amor.  Chem.  Soc,  33,  382,  1911. 
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2.  Ammonium  Hydrate  l-l. 

3.  Sodium  Carbonate,    10%  solution  of  anhydrous  NaiCOj. 

4.  Standard  Nitrate  Solution.  Dissolve  0.72  gram  pure  or  C.  P.  potaaniUD 
nitrate  in  1  liter  of  distilled  water.  Evaporate  carefully  10  cc.  of  this  solutioD 
on  water  bath,  moisten  thoroughly  with  2  cc.  of  solution  No.  1  and  dilute  to  1 
liter.     1  cc.  of  this  =0.001  milligram  of  nitrogen. 

Determination.  Carefully  evaporate  100  cc.  of  water  after  the  addition  of 
2  cc.  of  sodium  carbonate  solution.  After  this  evaporate  to  dryness,  cool  and 
add  2  cc.  phcnolsulphonic  acid  (No.  1),  mixing  well  with  a  glass  rod.  Dihte 
with  25  cc.  of  distilled  water  and  add  an  excess  of  anunonium  hydrate,  making 
up  to  100  cc.  volume  with  distilled  water. 

The  dilute  solution  is  then  compared  with  the  standard  solution. 

Notes.  When  the  chlorides  are  over  100  parts  per  million  in  the  original  sample 
they  should  be  removed  with  the  addition  of  silver  sulphate  in  the  solid  form  aodthe 
wat'Cr  should  be  filtered  prior  to  evaporation.  It  is  for  this  reason  that  ammonimn 
hydrate  is  used  to  develop  the  color  instead  of  potassium  hydrate,  which  is  frequently 
recommended,  as  a  slight  excess  of  silver  sulphate  ^ill  result  in  a  dirty  precipitate  when 
using  potassium  hydrate,  whereas  the  use  of  ammonia  has  no  effect.  FurthennoRi 
the  filtration  of  a  turbid  nitrate  solution  does  not  result  in  a  satisfactory  ooknr,  ts 
would  be  the  case  without  filtration. 

Permanent  standards  can  be  made  bv  procedure  given  on  page  539^  or  standinb 
can  be  made  usin^;  tripotassium  nitropnenoldisulphonate.  Thefollowmg  method  is 
given  in  an  article  m  the  J.  Amer.  Chem.  Soc.,  Vol.  33,  pp.  381-384: 

The  theoretical  amount  of  powdered  potassium  nitrate  is  added  to  the  diailphoDi^ 
acid  regent  in  small  pinches  at  a  time  (for  each  cc.  of  reagent  0.1076  gram  KN0i)r 
stirring  thoroughly  after  each  addition.  The  product  is  then  diluted,  treated  vHh 
dry  barium  carbonate  to  a  deep  yellow  color,  filtered  and  the  precipitate  washed  vitit 
boiling  water  to  remove  the  barium  salts  which  is  but  slightly  soluble  in  cold  water.  Tbu 
extraction  must  be  thorough.  Filtrates  and  washinra  are  united,  the  barium  remowd 
bv  the  addition  of  potassium  carbonate  until  alkaline,  the  solution  filtered  and  tbe 
filtrate  concentratedf  and  crystallized.  The  solution  may  then  be  easily  purified  by 
crystallization.  In  prejiaring  the  standards,  however,  solutions  made  from  known 
amounts  of  nitrate  standards  will  match  up  with  this  recrj'stallized  solution,  and  bv 
means  of  proper  dilutions  the  series  of  standards  can  be  made.  Standards  madetius 
way  will  last  for  many  months,  whereas  standards  made  from  the  standard  nitrate 
solution  are  apt  to  lose  value  in  a  month^s  period  and  should  be  made  up  very  frequently. 

Optional  Method — Aluminum  Reduction  ^ 

Reagents.  1 .  Sodium  or  Potassium  Hydrate  Solution.  Dissolve  2/)0  grams 
of  the  hydrate  in  1250  cc.  of  distilled  water,  add  several  strips  of  aluminum  foil 
and  allow  action  to  pass  overnight.    Boil  down  to  1  liter. 

2.  Aluminum  Foil.  Use  strips  of  pure  aluminum  approximately  10  cm.  kaig, 
9  mm.  wide,  and  i  mm.  thick,  same  to  weigh  about  i  gram. 

Operation.  100  cc.  of  water  is  placed  in  a  300-cc.  casserole.  Add  2  cc.  of  the 
hydrate  solution  and  boil  down  to  about  20  cc.  Pour  the  contents  of  the  casser* 
into  a  test-tube  about  6  cm.  long  and  3  cm.  in  diameter  and  of  approximately  lOlkc- 
capacity.  Kinse  the  ciusserole  sin^ral  times  with  nitrogen-free  water  and  add  the 
rinse  water  to  tliat  already  in  the  tube,  thus  making  the  contents  of  the  tube 
approximately  75  cc.  Add  a  strip  of  aluminum  foil.  Close  the  tube  by  means 
of  a  rubber  stx)pper  through  which  passes  a  A-«haped  glass  tube  about  5  mm. 
in  diametcT.    Make  the  short  end  of  the  tube  flush  with  the  lower  ade  of  tbe 

lUniv.  of  Illinois  Bull.  Water  Survey,  Series  7,  p.  14,  1909;  Amer.  Jour.  Pub. 
Hygiene,  19,  536,  1909. 
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rubber  stopper  while  the  other  end  extends  below  the  surface  of  distilled  water 
contained  in  another  test-tube.  This  apparatus  serves  as  a  trap  through  which 
the  evolved  hydrogen  escapes  freely.  The  amount  of  ammonia  escaping  into 
the  trap  is  slight  and  may  be  neglected.  Allow  the  action  to  proceed  for  a  mini- 
mum period  of  four  hours,  or  overnight.  Pour  contents  of  the  tube  into  a  distil- 
ling flask,  dilute  with  250  cc.  of  ammonia-free  water,  distill  and  collect  in  Nessler 
tubes  and  Nesslerize.  When  the  nitrate  content  is  high,  collect  the  distillate  in 
a  200-cc.  flask  and  Nesslerize  an  aliquot  portion.  If  the  supernatant  liquid  in 
the  reduction  tube  is  clear  and  colorless,  the  solution  may  be  diluted  to  a  definite 
volume  and  an  aliquot  part  Nesslerized  without  distillation. 

Note.  Where  the  nitrates  are  very  high,  from  50  parts  per  million  up,  note 
additional  method  given  under  the  head  of  Nitrate  Determination  in  Mineral  Analysis 
of  Water. 

Oxygen  Consumed 

Reagents.  1.  Standard  Potassium  Permanganate  Solution.  Dissolve  0.4 
gram  C.P.  salt  in  1  liter  of  distilled  water.  1  cc.  is  equivalent  to  0.1  milligram 
available  oxygen. 

2.  Standard  Ammonium  Oxalate  Solution,  Dissolve  0.888  gram  C.P. 
ammonium  oxalate  in  1  liter  of  distilled  water.  1  cc.  is  equivalent  to  0.1  milli- 
gram of  oxygen.  The  standard  permanganate  solution  must  be  standardized 
against  the  ammonium  oxalate  solution. 

3.  Dilute  Sulphuric  Acid  1-3, 

Operation.  100  cc.  of  water  are  measured  into  a  450-cc.  Erlenmeyer  flask,  acid- 
ified with  5  cc.  dilute  sulphuric  acid.  Ten  cc.  of  standard  permanganate  solution 
is  run  in  from  a  burette  and  the  flask  is  placed  in  a  bath  of  boiling  water,  the  level  of 
which  is  above  the  level  of  the  flask  contents,  for  thirty  minutes.  Remove.  Add 
10  cc.  of  standard  oxalic  solution  and  then  determine  the  excess  with  the  standard 
permanganate  solution.  Deduct  from  the  total  permanganate  solution  used  the 
10  cc.  of  oxalic  acid,  and  the  remainder  represents  oxygen  consumed.  For  par- 
ticularly bad  waters  smaller  quantities  of  the  sample  are  taken  and  diluted  to 
100  cc,  as  it  is  undesirable  at  any  time  in  the  course  of  boiling  that  the  pink 
color  of  permanganate  be  completely  discharged. 

Chlorine  as  Chlorides 

Reagents.  Standard  Salt  Solution.  16.48  grams  fused  C.P.  sodium  chloride 
are  dissolved  in  1  liter  of  distilled  water.  100  cc.  of  this  solution  diluted  to 
1  liter  gives  a  standard  sohition,  each  cc.  of  which  contains  .001  gram  of  chlorine. 

Standard  Silver  Nitrate  Solution.  4.8  grams  dried  silver  nitrate  crystals 
are  dissolved  in  one  liter  of  distilled  water.  Each  cc.  of  this  solution  is  equiva- 
lent to  approximately  .001  gram  of  chlorine,  standardized  against  the  Standard 
Salt  Solution. 

Note.  N/50  solutions  of  both  sodium  chloride  and  silver  nitrate  can  be  used 
where  it  is  inconvenient  to  make  too  many  standard  solutions,  using  the  proper  factors. 

Potassium  Chromate.    Ten  per  cent  solution  neutral  potassium  chromate. 

Note.  A.  P.  H.  A.,  page  43,  recommends  5  per  cent  solution  of  neutral  potassium 
chromate,  adding  after  solution  of  the  crystals  in  a  few  cc.  of  water,  sufficient  silver 
lutrate  to  produce  a  slight  red  precipitation.  This  is  filtered  off,  and  the  filtrate 
lyuide  up  to  volume. 
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Operation.  100  cc.  of  the  sample  are  titrated  with  silver  nitrate  solution, 
using  1  cc.  of  the  potassium  chromate  as  indicator  to  the  first  persistence  of 
the  silver  cliromat«  red.  ^Subtract  0.2  cc.  blank  from  the  reading.  A  white 
porcelain  dish  or  casserole  is  the  preferable  container,  although  a  flint-glass  beako' 
over  a  white  porcelain  plate  may  be  used.  Where  a  chlorine  is  high  and  more 
than  15  cc.  of  silver  nitrate  is  used,  a  smaller  sample  (50  cc.  or  25  cc.)  should  be 
taken  and  distilled  water  added  to  bring  the  volume  up  to  approximately  100  ce. 
If  the  original  water  is  noticeably  colored,  25  to  30  by  standard,  it  may  be 
decolorized  by  adding  precipitated  aluminum  hydrate,  bringing  to  a  boil  and 
filtering.    Titration  must  always  be  made  in  the  cold,  however. 

Note.  Precipitated  aluminum  hydrate  is  prepared  by  dissolving  potash  alum  in 
water,  i>recipitatmg  by  adding  carefully  ammonia  and  washing  in  a  laixe  jar  with 
distillea  wat.er,  by  decantation,  until  free  from  chlorine,  ammonia,  and  nitrites.  An 
acid  water  should  first  be  neutralized  with  sodium  carbonate  and  a  water  containioK 
free  hydrates  should  be  neutralized  with  sulphuric  acid.  A^lierc  s])eciallv  accurate 
work  Is  desired,  observations  may  be  made  in  a  dark  room  with  a  ydlcw  lidit. 
(A.  P.  H.  A.,  page  44.)  A  yellow  photographic  glass  may  be  used  in  daylight  and  at 
night  the  ordinary  carbon  nlament  electric  light. 

Total  Solid  Residue 

Evaporate  50  cc.  to  drj'ness,  in  a  platinum  dish,  at  about  270**  Fahr.,  and 
bake  for  at  least  30  minutes  at  that  temperature.  An  ordinary  water-bath 
temperature  will  not  remove  water  of  crystallization  from  ordinary  sulphate  or 
calcium  sulphate.  Where  water  is  high  in  magnesium  salts,  as  determined  in 
mineral  analysis,  the  water-bath  temperature  is  more  satisfactory,  due  to  the 
readiness  with  which  magnesium  chloride  and  frequently  magnesium  carbonate 
will  decompose  to  oxide.  As  a  rule,  however,  a  temperature  from  240**  to  270* 
meets  most  of  the  conditions. 

Weight  to  tenths  of  niilligrain  times     1168=gr8.  |)er  gal.  total  solids. 
Wcij?ht  to  tenths  of  inillif^rain  times  20,000  =  parts  i)er  million  total  solids. 

Residues  from  acid  waters  should  be  ignited  to  a  dull  red  heat  after  addition 
of  a  drop  or  so  of  sulphuric  acid,  to  insure  complete  removal  of  the  acid  itself, 
which  will  not  go  off  at  the  temperature  stated.  This  will  result  in  the  decom- 
position of  all  iron  compounds  to  the  oxide  fonn,  and  will  fix  all  salts,  lime,  mag- 
nesium, sodium  and  potassium,  in  the  sulphate  form,  and  correction  should  be 
made  for  clilorides  present,  which  would  be  converted  into  sulphate. 

Waters  high  in  magnesium  siilts  should  be  evaporated  at  the  first  specifiwi 
temperature,  adding,  however,  a  few  cc.  of  50  normal  sodium  carbonate 
solution  to  insure  a  slight  excess  of  sodium  carbonate,  correcting  for  the  weigW 
of  sodium  carbonate  added.  Where  the  waters  contain  much  organic  matttf 
after  weighing,  they  may  be  very  gently  ignited  at  a  very  dull  red  heat  until  tl* 
carbon  has  been  bunied  off.  After  cooling,  the  residue  may  be  recarbonated  viA 
tested  ammonia  carbonate  solution,  and  again  dried  in  the  usual  way.  The  differ 
ence  in  weight  aft^^r  titrating  for  possible  loss  of  chlorides,  due  to  volatiliaatioB< 
gives  a  close  approximation  of  the  organic  matter  present.  Similarly,  waters  U^ 
in  magnesium  chloride  or  nitrate  compounds  may  be  evapx)ratcd  with  a  ft* 
drops  excess  of  sulphuric  acid,  and  ignited  to  a  dull  red  heat,  the  residue  ban? 
compared,  where  a  complete  analysis  is  made,  with  the  sum  of  all  bases  calculate 
to  the  sulphate  form.  This  is  sometimes  more  convenient  and  satisfactory  than 
the  evaporation  wdth  excess  sodium  carbonate. 
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INTERPRETATION  OF  RESULTS 

The  interpretation  of  the  results  of  a  sanitary  water  analysis  is  largely  a  matter 
of  experience,  and  it  is  impossible  to  lay  down  hard  and  fast  rules  covering  this 
one  matter.  It  is,  however,  possible  to  sum  up  the  meanings  of  the  various 
determinations  made,  as  each  determination  has  some  bearing  upon  the  sanitary 
condition. 

In  physical  data  the  turbidity  refers  to  insoluble  matter  in  suspension.  In 
many  cases  it  is  perfectly  harmless,  although  less  attractive,  and  frequently 
suggests  contamhiation,  which  is  as  apt  to  be  present  as  not.  High  turbidities, 
following  rain  storms  or  lake  over-turnings,  are  usually  accompanied  by  B.  coli, 
the  intestinal  organism,  in  considerable  quantity.  The  turbid  waters  of  the 
West  may  cause  stomach  trouble  until  a  person  is  accustomed  to  them.  Color 
is  due,  usually,  to  an  extract  of  vegetable  or  organic  matter,  or  to  iron  salts, 
and  in  itself  has  no  value  save  suggesting  organic  contamination.  Highly  colored 
water  may  have  an  astringent  tjiste,  and  is  not  looked  upon  with  favor  by  the 
consumer.    It  may  cause  corrosion  in  pipes  and  boilers.  ^ 

Various  organic  matters  are  in  no  way  determined  in  this  analysis,  the  results 
obtained  Ixjing  simply  indications  of  certain  cycles  in  decomposition  of  nitro- 
genous material,  as  no  decomposition  can  take  place  without  some  resulting 
nitrogen  compound.  Free  ammonia  represents  the  first  stage  in  this  decom- 
position, and  represents  the  amount  of  organic  matter  present  in  a  partially 
decomposed  and  decomposing  state.  Deep  wells  in  glacial  drift  frequently  also 
contain  high  ammonia,  however,  which  would  in  no  way  suggest  active  con- 
tamination. 

Albuminoid  ammonia  represents  organic  substances  in  an  undecomposed  state, 
which  will,  however,  decompose  under  the  proper  conditions.  The  presence  of 
nitrogen  in  such  combination  in  large  amount  usually  suggests  the  presence 
of  pollution  of  a  sewage  character.  However,  its  presence  usually  accompanies 
and  varies  in  amount  with  the  color  and  with  the  microscopic  organisms. 

The  next  stage  in  the  cycle  is  nitrogen  as  nitrites,  indicating  that  decom- 
position is  actively  progressing.  Nitrite  in  surface  water  may  indicate  con- 
tamination when  in  considerable  quantity,  but  in  ground  water  is  absolutely  of 
^o  significance.  (Proc.  Am.  W.  W.  Assoc,  1908,  page  323.)  Its  presence  is 
<iue  to  the  action  of  certain  types  of  bacteria  either  as  a  product  of  oxidation 
'it>m  free  anunonia  or  as  a  product  of  reduction  from  nitrate.  Ferrous  com- 
pounds have  also  a  bearing  on  such  reduction. 

The  final  state  of  decomposition  is  nitrogen  as  nitrate.  This  indicates  the 
fact  that  at  some  time  in  the  past  organic  matter  has  been  present.  Its  presence 
^dicates  a  purified  water.  In  large  amounts  it  may  cause  itching  in  sensitive 
Persons.     It  is  an  important  cause  of  corrosion  in  pipes  and  boilers. 

The  oxygen  consumed  represents  the  amount  of  oxygen  required  to  oxidize 
^^>)ganic  matter  already  in  the  water.  It  has  a  bearing  upon  the  organic  matter, 
^t  there  are  many  inorganic  substances  which  also  discharge  the  color  of  the 
P^nnanganate  solution,  and  the  result  should  always  be  considered  in  the  presence 
^f  the  other  determinations. 

Chlorine  as  chlorides,  if  above  the  normal  figure  for  any  definite  location, 
^  a  fairly  good  indication  of  sewage,  as  it  is  one  of  the  most  constant  and  prin- 
^t>al  constituents  of  sewage. 

The  total  residue  itself  should  not  be  too  high,  as  an  excess  of  inorganic 
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materials  would  stamp  the  water  unfit  from  an  industrial  point  of  view,  and  also, 
from  the  standpoint  of  the  individual,  might  make  it  unsatisfactory  as  a  drinking 
supply,  for  daily  consumption. 

With  reference  to  standards  of  purity,  it  is  impossible  to  make  absolute 
standards.  We  quote  as  a  matter  of  interest  a  table  published  by  the  State  of 
Illinois,  giving  their  suggested  limits  of  impurities  for  supplies  in  that  State. 
(The  remarks  which  follow  are  those  of  the  State  Geological  Survey.) 


Lake 
Michigan. 

Streams. 

Springs 

and 

Shallow 

Wells. 

Deep  Drift 
Wells. 

Deep  Rock 

WHIr, 

Turbidity 

None 

None 

None 

150. 

4.5 

1.6 

.01 
.08 
.000 
.04 
120. 
,    100. 

Absent 

1 

10. 

.2* 
None 
300. 
6. 
5. 

.05 
.15 
.000 
.5 

200. 

500. 

Absent 

i 

None 
None 
None 
500. 
15. 
2. 

.02 
.05 
.000 
2.00 

300. 

500. 

Absent 

None 
None 
None 
500. 
15. 
2.-5 

.02-3 
.20 
.005 
.50 

300. 

100. 

Absent 

None 

Color 

None 

Odor 

None 

Residue  on  Evajwration. .  . 
Chlorine 

500- 
5.-100 

Oxygen  consumed 

Nitrogen  as: 

Free  Ammonia 

2.-5 
.02-3 

Albuminoid  Ammonia. .  . 
Nitrites 

.15 
.000 

Nitrates 

.5 

Alkalinity.    

300. 

Bacteria  per  cc. 

Colon  bacillus  in  one  cc. . . 

100. 
Absent 

1 

♦Modified  NoHslor  or  Natural  Water  Standard  equal  26  p.p.m.  platinum  scale. 

The  formation  of  a  reasonable  and  just  opinion  regarding  the  wholesomeness  of  a 
water  requires  that  there  be  taken  into  consideration  all  the  data  of  the  analysis, 
together  with  the  history  of  the  water;  the  nature  of  the  source;  character  of  the  soil 
and  earth  or  rock  strata,  and  the  surroundings.  The  interpretation  of  results  is  a  task 
for  the  expert. 

(/hlorine  is  the  most  pemianent  element  shown  in  water  analyBis,  as  it  is  never 
removed  from  water  by  any  changes  or  processes  of  purification.  Salt  depositSi  how- 
ever, in  the  soil  must  also  be  taken  into  consideration. 
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Outline  of  Procedure 

50  cc.  (Certified  pipette  or  burett«)  evaporated  to  dryness  at  270**  F.  in  weighed 
platinum  dish.  Increased  weight  of  dish  represents  total  solid  residue. 
(Can  be  used  for  SO4  when  sample  is  small.)     Ignite  for  organic  loss. 

250  cc.  Titrate  with  N/10  acid  or  alkali  for  alkalinity  or  acidity.  (Can  be  re-used 
to  make  up  volume  of  500^c.  portion  when  water  sample  is  small.)  Methyl 
orange  indicator. 

100  cc.  Titrate  with  N/10  AgNOj  for  chlorine. 

100  cc.  Acidify,  boil,  precipitate  with  BaCU,  filter  and  weigh  for  total  sulphate. 
(Use  filtrate  for  Na  and  K  when  necessary.) 

100  cc.  Add  2  cc.  10%  NaiCOj,  evaporate  to  dryness,  add  phenoLsulphonic  acid,  dilute, 
then  excess  of  NH4OH  for  total  nitrate, 

500  cc.  Evaporate  to  dr3mess  (with  a  few  cc.  concentrated  HCl  when  very  accurate 
SiOs  figure  is  necessary)  in  No.  8  R.  B.  dish.  Bake  30  minutes,  cool,  add 
boiling  HCl  (concentrated),  dilute  and  filter. 


Precipitate  is  SiOa 
and  silicate  im- 
purities (also 
Ha8()4).  Unlessi 
Ipreat  accuracy  is 
necessary,  it 
should  be 
weighed  as  such, 
otherwise  SiO» 
can  be  removed 
by  HFl  and  cor- 
rection made. 


Filtrate.    Add  a  few  dn>ps  of  HNO»,  concentrate  to  60  cc,  cool, 
add  NH4OH,  boil  and  fJter. 


Precipitate  (Fe,Al, 
Phos.)  may  be  re- 
ported as  such  or 
as  Fe  and  Al 
after  Qual.  test 
for  phosphate  has 
shown  same  to  be 
absent.  Other- 
wise both  Fe  and 
Phos  should  be 
determined  and 
weight  corrected. 


F^iltrate.     Boil  and  add  saturated  Am.  Oxalate 
drop  by  drop,  boil  and  filter. 


Prec.  Ca  as 
oxalate, 
dry,  ignite 
and  weigh 
as  CaCO, 
or  CaO. 


Filtrate  Mg  (and  Mn)  add  50  cc. 
concentrated  Sod.  Phos.  Solu- 
tion, then  50  cc.  NH4OH,  stir 
well  2  minutes,  or  more,  let 
stand  4  hours,  or  more,  filter 
and  wash  with  3%  NH4OH. 
Ignite  and  weigh  (determine 
Mn  separately  and  correct 
when  necessary'. 


Note.  For  industrial  pur|>oses  the  original  addition  of  HCl  is  not  always 
necessary  and  correction  for  BaS04  Phos.  Mn  and  separation  of  Fe  and  A I  can 
be  dispensed  with  unless  there  is  cause  to  suspect  one  to  be  present  in  material 
funounts. 
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In  the  matter  of  mineral  analysis  of  water,  it  is  not  so  hard  to  obtain  a  earn- 
plete  analysis  of  the  water,  including  the  non-incrusting  or  "  nearly  alwajs ' 
soluble  materials  as  well  as  the  incrusting  materials,  as  it  is  to  make  nuinberif» 
individual  or  independent  tests,  in  the  hope  of  drawing  conclusions  from  same. 
The  scheme  of  analysis  which  follows  is  used  exclusively  in  the  writer's  labora- 
tories, and  when  carried  out  as  given,  makes  it  possible  to  complete  analysis  of  i 
water,  or  a  group  of  waters  numbering  up  to  ten,  in  the  period  of  eight  houis 
elapsed  time,  or  twenty-four  hours,  assuming  the  work  is  arranged  in  such  a  viv 
that  the  magnesia  precipitates  are  allowed  to  stand  overnight  before  filtratioo. 
On  another  page  will  be  found  a  skeleton  form  for  this  complete  analysis,  and 
this  skeleton  will  serve  as  a  rough  guide  to  the  more  extended  discussion  which 
will  follow. 

The  complete  analysis  considers  the  quantitative  determinations  of  silica, 
iron  and  aluminum,  calcium,  magnesium,  sodium  and  potassium,  as  bases,  and 
carbonate,  hydrate,  nitrate,  sulphate,  chloride,  and  phosphate,  as  radicals  or 
acids,  with  suggested  methods  for  manganese,  ammonia,  barium,  and  other 
materials  which  might  possibly  be  present. 

Prior  to  the  starting  of  the  analysis,  the  physical  characteristics  of  the  wat» 
should  be  noted,  turbid  waters  should  be  filtered,  the  suspended  matter  analyied 
separately  when  necessary,  and  the  amount  determined  either  by  filtration  and 
weighing  of  the  separated  material  (alundum  cones  are  very  satisfactory),  or 
by  the  difference  between  two  residues,  one  of  which  represents  the  original  water 
and  one  the  filtered  water.  The  mineral  analysis  should  represent  the  filtered 
supply.  This  is  due  to  the  difficulty  of  getting  uniform  samples  with  suspended 
matter  at  different  times. 

Silicay  Irofiy  Aluminum,  Calcium,  Magnesium 

(Manganese,  Phosphoric  Acid) 

Note.  If  from  qualitative  observations  the  water  contains  considerable  mineral 
matter,  smaller  quantities  varving  from  100  to  250  cc.  may  be  taken,  or  if  the  sample 
is  apparently  distilled  or  condensed  and  contains  very  little  mineral  matter,  1000  ct. 
should  be  taken,  the  object  being  to  obtain  a  residue  neither  too  large  nor  too  small. 
0.4  to  0.6  gram  is  a  good  quantity  to  work  on. 

Silica 

Evaporate  over  free  flame,  then  on  J-in.  asbestos  board,  to  dryness,  500  cc. 
original  water,  using  a  No.  8  porcelain  dish.  Bake  at  110-130**  C.  or  on 
asbestos  plate  over  flame  for  one-half  hour.  Moisten  with  10  cc.  concentrated 
HCl,  add  50  cc.  of  water,  boil  fifteen  to  thirty  seconds  and  filter.  Wash  with  hot 
water. 

Note.  For  great  accuracy,  evaporate  twice  to  drjrness  as  above,  with  the  addition, 
prior  to  the  sample  going  to  dr>'ness,  of  10  cc.  HCl,  allow  to  bake  as  above,  following 
from  there  on  the  usual  jirccedure  for  filtration. 

The  precipitate  retained  on  the  filter  paper  represents  the  silica  or  siliceous 
matter,  including  possibly  barium  sulphate.    Ignite  and  weigh. 

Note.  If  the  amount  is  over  .01  ^i.  per  liter,  or  8  parts  per  million,  moisten  with 
a  few  drops  of  concentrated  sulphuric  acid  and  hydrofluoric  acid,  expel  excess  acida 
and  rcweigh.    This  must  be  done  in  platinum.    The  loss  represents  siUca,  and  should 
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be  recorded  as  such,  and  the  residue  represents  bases^  principally  barium^  combined 
with  sulphuric  acid.  This  will  also  catch  possible  calcium  sulphate  that  might  be  left 
undissolved,  due  to  short  boiling,  to  low  dilution,  or  conditions  which  would  prevent 
its  normal  solubility  in  the  original  solution. 

Iron  and  Aluminum   (Qravimetric) 

The  filtrate  contains  iron,  aluminum,  calcium,  magnesium,  possibly  manganese, 
and  phosphate.  Bring  to  a  boil,  add  two  or  three  drops  cone,  nitric  acid  and  con- 
centrate to  about  25  cc.  Remove  from  hot  plate  or  flame,  add  ammonium 
hydroxide  in  slight  excess,  boil  for  one  or  two  minutes,  and  filter. 

The  precipitate  contains  iron,  aluminum,  and  possibly  phosphates.  Bum  and 
"weigh  as  oxides  of  iron  and  aluminum,  plus  phosphates,  and  test  50  cc.  of  the 
original  water  with  treatment  in  the  usual  way  to  determine  whether  or  not 
phosphates  are  present.  Where  this  precipitate  of  iron  and  aluminum  oxides  is 
greater  than  0.01  gm.  per  liter  or  8  parts  per  million,  or  where  the  separation  of 
the  iron  and  aluminum  is  advisable,  the  precipitate  should  be  fused  with  eight  or 
ten  times  its  weight  of  potassium  bisulphate,  redissolvedin  water,  the  iron  reduced 
to  the  ferrous  condition  with  zinc,  arid  titrated  with  potassium  permanganate, 
recording  the  difference  in  weight  between  the  original  precipitate  and  the  iron 
determination  as  aluminum  oxide. 

FeXl.43=Fe,0,. 

Note.  Where  much  water  is  available  and  time  is  an  object,  an  additional  500  cc. 
can  he  carried  down  to  approximately  50  cc.  with  a  few  drops  of  nitric  acid,  the  iron 
and  aluminum  precipitated  as  above  mentioned  with  ammonia,  and  the  precipitate 
before  drying  redissolved  in  acid,  reduced  and  titrated  with  potassium  permanganate. 
This  portion  can  be  started  at  the  same  time  the  original  analysis  is  started,  and  will 
greatly  simplify  the  determination  and  save  time. 

Total  Iron  (Colorimetric) 

Reagents.  Iron  Standard.  0.7  gm.  cryst.  ferrous  ammonium  sulphate  is 
dissolved  in  a  small  amount  of  distilled  water,  add  25  cc.  dilute  (1-5)  sul- 
phuric acid,  warm  slightly  and  oxidize  completely  with  potassium  permanganate, 
make  up  to  1000  cc.    1  cc.  =0.1  mg.  Fe. 

Potassium  Sulphocyanide.    2  per  cent  solution. 

Potassium  Permanganate.    6.3  gms.  per  liter. 

Operation.  Instead  of  precipitating,  or  where  traces  of  Fe  are  of  impor- 
tance, 100  cc.  to  1000 cc.  of  the  water  may  be  carried  to  dr>ness  with  HCl  and  a 
few  drops  of  Br,  taken  up  with  5  cc.  (1  :  1)  HCl,  diluted  to  100  cc.  in  a  Ne«sler 
tube,  10  cc.  KCNS  solution  (20  gms.  to  a  liter)  added  and  the  color  compared 
with  standards.    The  comparison  should  be  made  at  once  as  the  color  fades. 

Note.  It  is  frequently  as  satisfactory  to  add  the  standard  iron  solution  from  a 
burette  to  a  100  cc.  Nessler  tube  containmg  5  cc.  (1  :  1)  hydrochloric  acid  (Fe  free), 
10  cc.  potassium  sulphocyanide  solution  (20  gms.  to  a  Uter)  and  sufficient  distilled  water 
until  the  color  matches  that  of  the  sample. 

(Ferrous  Iron  Colorimetric) 

(Frequently  desirable  in  acid  waters  but  rarely  necessary.) 

Reagents.  Iron  Standard.  0.7  gm.  cryst.  ferrous  ammonium  sulphate  is 
dissolved  in  one  liter  of  distilled  water  containing  10  cc.  dilute  H2SO4.  (Not 
permanent.    Should  be  made  up  as  needed.)     1  cc.  =0.1  mg.  Fe. 
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Potassium  Ferricyanide  Solution,  (Prepare  as  needed.)  0.5  g.  per  100  ce. 
distilled  water. 

Sulphuric  Acid.     1  :  5. 

Note.     Prepare  sample  and  standards  at  same  time. 

Operation.  Place  in  100  ce.  Nessler  jar  50  ce.  of  sample,  10  cc.  dilute  H^i 
(1-5),  filter,  if  necessary,  to  remove  suspended  matter,  add  15  ce.  pota^um 
ferricyanide  solution  and  make  up  to  100  cc.  mark  with  distilled  water. 
Compare  with  standards  made  as  follows: 

Place  in  100  cc.  Nessler  jar  75  cc.  distilled  water,  10  cc.  dilute  HsS04  (1-5? 
and  15  cc.  potassium  ferricyanide  solution,  and  mix  well.  Add  various  amounts 
of  iron  standard  from  burette,  mix  and  compare  color.  Determine  ferric  iron 
by  deduction  of  ferrous  iron  from  total  iron. 

Phosphates 

Reagents.  Ammonium  Molyhdate.  50  gms.  c.p.  neutral  salt  dissolved  in 
1  liter  distilled  water. 

Nitric  Acid  (spec.  grav.  1.07).     Dilute  about  1-5  with  distilled  w^ater. 

Standard  Phosphate  Solution.  0.5324  gm.  c.p.  cryst.  NasHP04,  12HsO. 
Dissolve  in  distilled  water,  100  cc.  standard  HNOi  added.    Dilute  to  1  liter. 

One  cc.  =0.0001  gram  P,Os. 

Operation.  Evaporate  50  cc.  water  to  dryness  in  porcelain  after  addition  of 
3  cc.  HNOj  (spec.  grav.  1.07).  Bake  two  hours  at  212**  F.  Take  up  with  50  cc. 
distilled  water,  add  4  cc.  molybdate  solution  and  2  cc.  HNOa,  and  compare  in 
Nessler  tube  with  standards  from  phosphate  solution  made  to  50  cc.  and  treated 
with  same  reagents.  A  tube  2.5  cm.  by  24  cm.  to  100-cc.  mark  of  hard,  whit« 
glass  is  most  suitable.^  Where  waters  are  already  colored  the  evaporation  should 
be  carried  on  with  3  cc.  HNOt  and  0.5  cc.  (or  more,  if  water  is  highly  colored)  of 
KMn04  solution,  (1  gram  per  1000  cc),  baking  at  212*  F.  for  the  same  time.- 
Where  the  phosphate  is  present  in  large  enough  quantities  to  precipitate  the 
gravimetric  methods  may  be  used. 

Calcium 

The  filtrate  from  iron,  aluminum  and  phosphate  precipitate  contains  calcium, 
magnesium,  and  possibly  manganese.  Concentrate  to  about  100  cc.  Add  to  the 
hot  ammoniacal  solution  a  concentrated  (saturated)  solution  of  ammonium  oxa- 
late drop  by  drop,  or  add  in  small  portions  crystals  of  ammonium  oxalate.  Allow 
to  boil  two  minutes,  stirring,  if  necessary  (on  account  of  heavy  precipitate  and 
tendency  to  bump),  remove,  filter  and  wash.  (Five  complete  washings  are  usually 
sufficient.) 

Note.  Where  great  accuracy  is  desired,  the  precipitate  od  the  filter  should  U 
redis.solyed  in  a  small  amount  of  hot,  dilute,  hydrochloric  acid  and  reprecipitated  with 
ammonium  oxalate. 

The  calcium  oxalate  upon  the  filter  paper  can  now  be  burned  and  weighed; 
either  as  calcium  oxide  or  calcium  carbonate. 

» J.  Am.  Chem.  Soc,  23,  96,  1901. 

« J.  Ind.  and  Eng.  Chem.,  5,  301-2, 1913. 
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Note.  The  bUming  of  calcium  oxalate  to  carbonate  is  not  so  difficult  as  it  seems. 
as  an  intense  heat  is  necessary  to  convert  it  to  the  oxide,  and  if  the  crucible  is  well 
watched  and  the  flame  gives  just  sufficient  heat  to  carbonize  and  destroy  the  filter 
paper,  there  will  be  no  chance  whatever  of  any  calcium  oxide  being  formed,  or  any 
calcium  oxalate  being  left.  Where  hypothetical  combinations  are  used,  it  is  very 
convenient  to  have  the  calcium  as  carbonate  without  calculation.  Where  burned  to 
the  complete  oxide  it  is  frequently  necessary  to  use  a  blast  lamp,  as  large  precipitates 
require  a  high  temperature  to  reduce  completely  to  oxide  form. 

Optional  (Volumetric) 

Or  it  may  be  dissolved  in  2%  sulphuric  acid  and  titrated  with  the  standard 
solution  of  potassium  permanganate.     (N/50  KMn04  may  be  used.) 

Note.  Where  the  volumetric  method  is  to  be  used,  five  complete  washings  are 
not,  as  a  rule,  8uf!icien<5,  as  the  presence  of  traces  of  ammonia  salts,  wnile  not  interfering 
in  any  way  with  the  gravimetric  determination,  are  prone  to  have  considerable  influence 
upon  the  voliunetric  results,  due  to  the  possibility  of  traces  of  ammonium  oxalate 
still  being  present. 

Fe  Value  X  0.895  ^CaCOa. 

Fe  Value  X  0.5016  =CaO. 

Fe  Value  X  0.3584  =Ca. 

Magnesium 

ThefiUrate  contains  magnesium  {and  possibly  manganese).  Acidify  with  HCl, 
concentrate,  if  necessary,  to  150  cc,  add  25  cc.  saturated  solution  of  ammonium 
sodium  hydrogenp  hosphate  (NH4NaHP04, 4H2O,  microcosmic  salt),  cool  and  make 
alkaline  with  ammonium  hydrate.  Allow  to  stand  at  least  four  hours,  filter 
and  wash  with  3%  solution  of  ammonium  hydrate.    Burn  and  weigh  as  MgsPjO?. 

Note.  Accurate  results  arc  also  obtained  with  the  use  of  sodium  phosphate  added 
direct  to  the  filtrate  from  the  calcium  precipitate  without  previously  acidifving  with 
acid,  with  25  cc.  to  50  cc.  of  ammonium  hydrate  add(M  to  make  strongly  alkaline,  after 
which  the  solution  should  be  very  thoroughly  stirred  (for  at  least  two  minutes),  using 
a  rubber-ended  ^lass  rod.    Allow  to  stand  at  least  four  hours. 

For  very  rapid  work  in  either  case,  if  the  magnesium  solution  aftt^r  the  precipitation 
is  cooled  in  ice-water,  filtration  can  be  frequently  made  in  two  hours'  time. 

For  extremely  accurate  work  the  precipitate  produced  in  either  of  the  methods 
above  should  be  redissolved  in  a  little  dilute  HCl  and  the  precipitation  repeated. 

Optional  (Volumetric) 

Reagent.    Sodium  Arsenate,  10%  solution. 

The  filtrate  from  the  calcium  precipitate,  or  an  original  portion  of  500  cc. 
from  which  iron,  aluminum  and  calcium  have  been  removed  as  above,  is  acidified. 
Concentrate  to  the  point  of  cr>'stallization,  after  which  approximately  one-third 
by  volume  of  ammonium  hydrate  and  25  cc.  sodium  arsenate  solution  are  added 
and  the  solution  vigorously  shaken  for  at  least  ten  minutes,  filtered,  and  the 
precipitate  washed  free  from  arsenic  with  distilled  water  to  which  has  been 
added  3%  C.P.  ammonia  water.  Dissolve  in  50  cc.  dilute  H2SO4  (1:3),  transfer 
to  precipitation  flask,  dilute  to  approximately  100  cc.  and  add  3.4  grams  potas- 
sium iodide.  Allow  to  stand  five  minutes  and  titrate  with  standard  thiosulphatc 
solution  until  the  yellow  color  of  the  liberated  iodine  just  disappears.  Starch 
as  an  indicator  is  not  satisfactory,  nor  necessary.  This  method  is  not  so  accurate 
as  the  gravimetric  method,  giving  slightly  high  results,  but  is  good  for  rapid  work.  * 

1  J.  Am.  Chem.  Soc,  29,  1464-7;  ibid,  21,  146. 
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Manganese 

Where  necessary,  manganese  should  be  determined  separately  in  another 
portion  of  the  water  and  corrections  made.  The  Knorres  Persulphate  method  i 
the  most  reliable  for  large  amounts  (10  milligrams  Mn  per  liter);  the  Bit 
muthate  method  for  smaller  amounts. 

Knorres,  Persulphate  Method  (Volumetric) 

Reagents.    Potassium  Bisulphate  C.  P. 

Ammonium  Persulphate  Solution  (60  grams  per  liter  distilled  water). 

Hydrogen  Peroxide  Solution,  Equivalent  to  N  / 10  KMnOi.  (Approx.  5.6  cc., 
3%  H2O,  diluted  to  100  cc.) 

Operation.  Evaporate  5  liters  or  more  to  dryness,  adding  first  10  cc.  con- 
centrated H2SO4.  Ignite  after  adding  a  few  crystals  of  potassium  bisulphate 
and  take  up  in  hot  water.  Transfer  to  250-cc.  Erlenmeyer  flask  with  5  cc.  dilute 
(1:3)  H2SO4,  add  10  cc.  ammonium  persulphate  solution,  boil  twenty  minutes, 
cool,  dissolve  precipitate  (manganese  superoxide)  in  standard  hydrogen  peroxide 
solution.     (If  no  ppt.  forms  no  manganese  is  present.) 

Notes.  When  hydrogen  peroxide  solution  is  standardized  against  N/10  KMnO* 
1  cc.  will  be  equivalent  to  2.754  milligram  Mn. 

An  excess  of  10-20  cc.  H2(^2  Sol.  can  be  added  and  this  excess  titrated  with  N/l^ 
KMn04. 

Sodium  Bismuthate  Method  (Colorimetric)^ 

Reagents.  Potassium  Permanganate.  0.288  gram  KMn04  to  1000  cc. 
1  cc.  =0.1  milligram  Mn. 

Sodium  Bismuthate  (purest). 

Note.     Bismuth  siibnitrate  may  be  substituted. 

Nitric  Acid.  (Spec.  grav.  1.135)  3  parts  concentrated  HNOj  to  1  part  HtO 
should  be  blown  with  air  until  free  from  oxides  of  nitrogen. 

Sulphuric  Acid.  25  cc.  concentrated  H2SO4  to  1000  cc.  Add  permanganate 
solution  to  a  faint  but  noticeable  color. 

Operation.  Evaporate  500  cc.  in  porcelain  dish  after  adding  1  cc.  dilute  HtSO« 
in  excess  to  that  necessary  to  neutralize  all  alkali.  Ignite  to  remove  free  acid 
(organic  matter  and  chlorine),  cool  and  dissolve  in  50  cc.  HNOj  (30  cc.  concentrated 
HNO3  to  1  liter),  with  heat  if  necessary.  Cool  again,  add  0.5  gram  sodium 
bismuthate  and  heat  until  pink  color  disappears,  re-cool  and  add  sodium  bismutb- 
atc  in  excess,  filter  through  asbestos  in  Gooch  crucible  (asbestos  must  be  txff 
from  organic  matter,  thoroughly  washed  and  ignited),  or  alundum  crucible. 
Wash  with  nitrite-free  distilled  water  containing  5%  dilute  HNOi  (30  cc.  concen- 
trated HXO3  per  liter),  into  Nessler  tube,  make  up  to  100  cc.  and  match  with odtf 
produced  by  necessary  amount  of  standard  KMnO*  in  100  cc.  HtSO*  reagent. 

No.  cc.  standard  KMnO*  X  0.2  =  milligrams  Mn  per  liter. 

NoTK,  The  permanganate  solution  used  for  oxygen  consimied  (see  SanitaT 
Method)  contains  0.131)  gram  Mn  per  liter  and  may  be  used  when  necessary. 

No.  cc.  X  0.278  =  milligram  Mn  per  liter. 

1  J.  Am.  Chem.  Soc.,  29,  1074-78, 1907. 


5* 


WATER  ANALYSIS  561 


Sulphates 

100  cc.  of  the  water  is  slightly  acidified  with  cone.  HCl  and  5  cc.  10  %  NHiCl 
^lution  added,  brought  to  a  boil,  and  if  turbid  is  filtered  and  washed  four  or  five 
t^'ttmes  with  boiling  water.  The  clear  or  original  water  is  now  brought  to  a  boil 
*Uid  10%  barium  chloride  added  drop  by  drop  to  the  boiling  solution  in  slight 
f  excess.  Boil  ten  minutes,  stirring  from  time  to  time,  if  the  precipitate  is  heavy. 
*  Ilemove  and  allow  to  cool  prior  to  filtering.  The  precipitate  consists  of  barium 
I     sulphate.    Wash  free  from  chlorides,  testing  with  AgNOa.    Dry,  ignite  and  weigh. 

[  BaS04  X. 4*11=804. 

BaS04  X.583=CaS04. 
milligrams  BaS04  X  .338  =CaS04  grains  per  gallon. 

Benzidine  Method  (Optional)^ 

Reagents.  Benzidine  Solution.  Triturate  in  a  mortar  with  5  cc.  to  10  cc. 
Water,  4  grams  benzidine  base.  Transfer  to  liter  flask,  add  10  cc.  HCl  and  make 
to  volume.     1  cc.  =  .0013  gram  SO4. 

Hydroxylamine  Hydrochloride.    1%  solution  in  water. 

Operation.  Add  10  cc.  hydroxylamine  hydrochloride  to  250  cc.  water,  then 
add,  at  once  stirring  well,  100  cc.  benzidine  solution.  Allow  to  stand  fifteen  to 
twenty  minutes,  decant  through  vacuum  filter  and  wash  with  10  cc.  to  20  cc. 
distilled  water  (do  not  let  filter  run  dry),  return  filter  paper  to  beaker,  cover 
with  distilled  water,  bring  to  a  boil  and  titrate  with  N/10  or  N/50  NaOH,  using 
phenolphthalein  as  indicator. 


One  cc.  N/10  NaOH  =  .0048  gram  SO4. 
One  cc.  N/50  NaOH  =  .00096  gram  SO4. 

•  11  I   1  A  1_    *      1  *  A.  *  *  t 


Note.  An  accurate  method  by  the  turbidimeter  is  given  by  Hule  in  the  chapter 
on  Coal,  page  675. 

N.  B.  Method  by  Muer,  Jour.  Ind.  Eng.  Chem.,  Vol.  3,  Aug.,  1911.  When  the 
sulphate  is  25  p.p.m.  or  more,  the  determination  may  be  made  by  the  turbidimeter 
method  direct  on  100  cc.  For  less  quantities,  larger  amounts  of  water  are  taken  and 
evaporated. 

Sodium  and  Potassium 

The  filtrate  contains  sodium  and  potassium  and  may  be  used  for  such  unless 
the  water  is  highly  mineralized,  in  which  case  a  new  portion,  100  cc.  to  500  cc,, 
should  be  taken. 

Evaporate  to  dryness,  add  saturated  solution  of  barium  hydrate  in  excess, 
filter,  wash  with  hot  water,  add  to  the  filtrate  ammonium  carbonate  in  excess  and 
a  few  drops  of  anunonium  oxalate,  boil,  filter,  evaporate  again  to  dryness  and  dry 
at  a  high  temperature  to  expel  excess  of  anunonia  salts.  Redissolve,  add  slight 
excess  of  anunonium  carbonate  again  and  continue  until  no  further  precipitate 
is  formed  on  such  addition.  Evaporate  to  dryness  in  a  weighed  platinum  dish, 
remove  anmionium  salts  by  high-temperature  drying,  and  weigh  the  combined 
chlorides  of  sodium  and  potassium.  Moisten  with  about  25  cc.  of  water  and  a 
few  drops  of  HCl  and  add  from  1  cc.  to  5  cc.  of  10%  solution  of  platinic  chloride 

'  Freidbaum  and  Nydegger,  Z.  Agnew.  Chem.,  1907-9. 
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(1  cc.  to  each  25  milligrams  to  30  milligrams  total  chlorides).  Evaporate  to  diy- 
ncss  on  water  bath,  take  up  and  wash  with  95%  alcohol  until  filtrate  is  free  from 
color.  Dry,  redissolve  precipitate,  washing  through  the  filter  paper  in  hot  water. 
Evaporate  again  to  dryness  and  weigh  as  KiPtCU. 

K,PtCl6X.161=K. 
K,PtCl«X.307=KCl. 

Deduct  from  combined  weight  of  chlorides.    Remaining  NaClX.394  =Xa. 

Note.  When  separation  is  not  necessary,  the  combined  chlorides  are  calculated 
as  sodium  chloride  and  reported  as  sodium  ana  potassium  chlorides. 

Alkalinity 

In  ordinary  cases  titrate  with  N/10  or  N/50  HjSOi,  using  methyl  orange  as 
indicator.    Special  cases  will  be  considered  later. 

Reagents.    Sulphuric  acid,  N/10.     Methyl  orange.    Phenolphthalein. 

Operation.  250  cc.  of  water  in  400-cc.  beaker  or  a  casserole  are  titrated  with 
N/10  11x804,  using  two  to  five  drops  of  methyl  orange  indicator  (or  50  cc.  can 
be  similarly  titrated  with  N/50  HjSO*). 

Calculate  for  250-cc.  sample. 

No.  cc.X4X.005  =gms.  per  liter  CaCOi. 

No.  cc.X4X58.4X.005=grs.  per  gallon  CaCO,. 

Or        X 1 .  168  =  grs.  per  gallon  CaCO,. 

Distilled  water,  and  neutral  waters  containing  magnesium  chloride  and 
magnesium  sulphate  frequently  give  an  alkaline  reaction  when  used  with  methyl 
orange.  In  such  cases  from  .2  to  .8  cc.  N/10  acid  are  required  to  discharge  the 
alkaline  color  of  the  methyl  orange.  Such  a  procedure  would  suggest  to  the 
oi^erator  that  the  waters  were  alkaline.  However,  if  such  neutral  waters  are 
boiled  with  phenolphthalein  as  an  indicator  for  twenty  minutes  and  no  pink 
color  (lcvelo[)s,  the  waters  are  not  alkaline  but  neutral.  The  use  of  a  blank  of 
.2  cc.  is  of  no  value  under  such  conditions  and  it  appears  to  the  "writer  as  much 
the  sjifest  way  when  the  titration  is  under  1  cc.  of  N/10  acid  that  the  water  be 
boiled  with  phenolphthalein  in  an  effort  to  determine  absolutely  whether  this 
water  is  alkaline,  due  to  the  presence  of  a  carbonate  as  indicated  by  the  methyl 
orange,  or  whether  the  alkalinity  is  entirely  due  to  the  hydrolyzing  of  the  cal- 
cium or  magnesium  base  present  in  the  absence  of  alkali.  When  no  pink  color 
is  prcxluced  the  w^ater  should  be  pronounced  neutral. 

Phenolphthalein  may  also  be  used  as  indicator  on  another  250-cc.  portion, 
using  the  above  procedure.  This  titration  in  connection  with  the  methyl  orange 
titration  makes  possible  a  determination  of  the  relation  of  carbonate,  bicarbonate 
and  caustic  alkalinity. 

The  following  is  adapted  from  a  table  on  page  39,  Standard  Methods  of  Water 
Analysis  of  the  American  Public  Health  Association,  and  is  of  value  in  showing 
the  relation  of  the  various  titrations.  Methyl  orange  has  been  used  in  place  of 
erythrosine. 
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ABLE  SHOWING  RELATION  BETWEEN  ALKALINITY  BY  PHENOL- 
PHTHALEIN  AND  THAT  BY  METHYL  ORANGE  IN  PRESENCE  OF 
BICARBONATES,  CARBONATES  AND  HYDRATES. 


M  =  Methyl  orange  alkalinity. 
P  =  PhenolphthaTein  alkalinity. 


Bicarbonatea.                        Carbonates. 

Hydrates. 

=0 

M 
M-2P 
0 
0 
0 

0 
2P 
2P 

2(M-P) 
0 

0 

'<4M 

0 

»  =  4M 

0 

3  ■^'* 

>iM 

2P-M 

»  =  M 

M 

Acidity 

For  acidity  use  N/10  Na2C03  and  250  cc.  water. 


Acidity  due  to 

Indicator. 

Hot  or  Cold. 

/arbonic  and  sulphuric  acids,  also  Fc  and  Al 
sulphates ^ 

Phenolphthalein 

Cold 

ulphuricacid,  also  Fe  and  Al  sulphates 

Phenolphthalein 

Boiling 

lulphuric  acid  alone 

Methyl  orange 

Cold 

When  desired,  20  cc.  N/10  H^S04  may  be 
added.   Boil  fifteen  to  twenty  minutes,  cool 
and  titrate,  noting  the  excess  of  acidity  over 
the  original  20  cc. 

Free  Carbonic  Acid  ^ 

Reagents.  Either  standard  N/10  sodium  carbonate  or  standard  N/22  sodium 
arbonate.  For  the  latter  dissolve  2.41  grams  of  dry  sodium  carbonate  in  one  liter 
rf  distilled  water  which  has  been  boiled  and  cooled  in  a  carbon  dioxide  free 
atmosphere.  Hold  both  solutions  in  glass  bottles  protected  by  tubes  filled  with 
oda-lime. 

One  cc.N/10  NaaCO,=2.2  milligrams  CO,. 
One  cc.N/22  Na^COj^l.O  milligram  CO2. 

Operation.  With  N/IO  sodium  carbonate  titrate  250  cc.  of  sample  in  400- 
ic.  beaker,  using  phenolphthalein  as  indicator.  First  faint  but  permanent  pink 
lenotes  end-point. 

Using  250  cc. 

No.  cc.  N/10  NajCOaXS.S  =C02  parts  per  million. 
No.  cc.  N/10  Na2C03X.513  =C02  grains  per  gallon. 

With  N/22  sodium  carbonate  solution,  use  100  cc.  of  sample,  preferably 
n  100-cc.  Nessler  tube,  titrate  and  rotate  the  tube  until  faint  but  permanent 

'  For  criticisms  of  this  method  see  Z.  Nahr.  Genussm.,  24,  429,  also  Chem.  Abs., 
K  1024;  C.A.,  e,  3137;  C.A.,  7,  38. 
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pink  color  20  seeoads  without  fading  is  produoed,  uang  phenolphthalein  as  m£- 
cator 

Using  100  ctr. 

No.  cc.  X  22  XajCCX  10  -CO,  parts  per  million. 
No.  cc.  N  22  Na,CO,X.583  =CO,  grains  per  gallon. 

Chlorine 

Titrate  100  cc.  of  water,  tiding  1  cc.  of  10^  potassium  chromate  as  an  indka- 
tor,  with  N  10  AeNOs  to  fir>t  permanent  indication  of  the  red  siU-er  chromate. 
(Acid  waters  should  be  neutralized  and  sulphide  waters  boiled  with  a  drop  or  sod 
nitric  acid  and  then  neutralized  for  reliable  results.) 

No.  CC.X3.42  =grs.  per  gdlon  NaCl. 
No.  cc.X5S.46  =  parts  per  million  NaCl. 
No.  CC.X35.46  =parts  per  million  CI. 

Note.  Where  qualitative  test  shows  chlorine  to  be  high,  smaller  portions  of  the 
sample  should  be  taken,  either  by  certified  pipette,  or  burette,  and  when  the  titraticm 
with  N/ 10  AgNOi  is  less  than  J2  cc.,  N  50  or  N/ 100  .-VgNOs  should  be  used  for  accuracy. 

Nitrates 

(Also  see  Sanitary  Analysis) 

Evaporate  100  cc.  of  water,  after  adding  2  cc.  10%  NaiCOj,  to  drjTiess.  cod, 
moisten  with  2  cc.  phenol sulphonic  acid,  add  50  cc.  water  and  then  NU4OH  until 
slightly  ammoniacal.  Yellow  coloration  shows  presence  of  nitrates.  Compare 
with  standards  which  should  be  renewed  every  month,  or  oftener.  Less  tfaao 
^  grain  per  gallon,  or  about  2  parts  per  million  as  KNOs,  while  of  value  in  sanitary 
analvses,  usuallv  rank  as  *^  trace  ''  in  mineral  waters. 

Where  nitrates  are  high,  85  to  90  parts  per  million,  or  5  grains  per  gallon  aixi 
over,  colorimetric  methods  do  not  always  give  reliable  results,  and  500  cc.  of  the 
water  should  be  first  boiled  with  a  slight  excess  of  acid,  then  made  alkaline 
with  sodium  or  potassium  hydroxide,  reduced  with  10  grams  each  of  powdered  Zn 
and  Fe,  or  10  grams  powdered  Al,  and  distilled  into  an  excess  of  X/10  or  N/lOn 
HCl,  as  the  case  may  be,  and  titrated  back,  using  cochineal  as  indicator,  and 
calculating  the  ammonia  absorbed  to  N0»  or  Ca(XO»)s  as  desired.  (Where  free 
ammonia  or  its  compounds  are  present  corrections  must  be  made.) 

A  recent  modification  of  this  method  depends  upon  the  absorption  of  ammonia 
into  a  solution  of  boric  acid  (5  grams  boric  acid  in  100  cc.  of  water).  Due  to 
the  very  weak  acidity  of  the  boric  acid,  it  is  possible  to  titrate  the  ammonia 
direct  with  standard  acid,  using  methyl  orange  as  an  indicator,  and  this  has  the 
advantage  of  doing  away  ^ith  two  standard  solutions.  The  boric  acid  strength 
is  based  upon  5  grams  of  boric  acid  to  100  cc.  of  water  to  each  .2  gram  of  ammonia 
absorbed.  It  is  stated  that  even  the  cooled  condenser  is  unnecessary,  in  this 
absorption.* 

» The  Volumetric  Determination  of  Ammonia.  L.  W.  Winkler,  Budapest.  Z.  angew. 
Chem.,  2B,  Aufsatzteil,  231-2. 

Determination  of  Ammonia  by  the  Boric  Acid  Method.  L.  W.  Wmkler,  Z.  angew. 
Chom.,  27,  1 ,  6:^0-2,  1914.  ^ 

The  Determination  of  Ammonia  by  the  Boric  Acid  Method.  E.  Bernard,  Z. 
angew.  Chem.,  27,  I,  664,  1914. 
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Ammonia  and   Its  Compounds 

Place  500  cc.  or  less  in  an  800-cc.  Kjeldahl  flask,  make  alkaline  and  distill 
Qto  N/10,  or  weaker,  HCl,  titrate  with  cochineal  or  Nesslerize.  (See  Sanitary 
Analysis,  page  536.) 

Total  Mineral  Residue 

Use  a  clean  weighed  platinum  dish.  Evaporate  50  cc.  (certified  pipette)  to 
Iryness  at  about  130°  C.  and  bake  for  at  least  thirty  minutes  at  that  temperature. 
Ordinary  water-bath  temperature  will  not  remove  water  of  crystallization  from 
S^a9S04  or  CaSO*.    Weigh  to  the  fourth  decimal  or  .0001  gram. 

Weight  X 1168  =  grains  per  gallon. 
0.1  milligram  =2  parts  per  million. 

Residues  of  acid  waters  should  be  ignited  to  a  dull  red  heat.  *  Where  the 
acidity  is  low  a  drop  or  so  of  sulphuric  acid  should  be  added  to  assure  the  fixation 
of  all  sodium  and  potassium  salts  as  the  sulphate.  The  ignition  should  be  com- 
plete so  that  no  free  acid  is  left  behind  and  to  assure  the  decomposition  of  all  iron 
compounds  to  the  oxide  form.  In  calculating,  correction  must  be  made  for  the 
change  in  the  iron  salts  and  all  other  compounds  converted  to  the  sulphate  form 
for  comparison  with  the  sulphated  residue,  and  then  the  proper  corrections  made 
to  give  the  theoretical  residue  on  the  original  water. 

W^aters  with  much  organic  matter,  after  weighing,  may  be  gently  ignited  until 
the  carbon  has  been  burned  off,  cooled,  recarbonated  with  tested  (NH4)jC0a  dried 
and  again  weighed.  The  difference  in  weight  after  titrating  for  possible  volatil- 
ized chlorides  gives  approximately  the  organic  matter  present. 

Waters  high  in  easily  decomposed  MgCU  or  (CaNO«)i  should  be  evaporated 
with  a  few  drops  excess  of  H2SO4,  or  NaiCOa,  and  the  residue  compared  with  an 
addition  of  all  bases  calculated  to  the  sulphate  form,  or  corrected  for  added  car- 
bonate. 

Note.  When  acid  is  used,  ignite  to  a  dull  red  heat;  when  carbonate,  evaporate 
as  in  the  case  of  the  original  residue. 

Hydrogen  Sulphide 

Due  to  the  fact  that  hydrogen  sulphide  is  frequently  very  transient  and  often 
oxidizes  to  sulphate  in  transit,  it  is  advisable  to  collect  this  sample  in  a  special 
container  at  the  point  of  sampling.  Two  or  three  bottles  holding  exactly  250  cc. 
of  water  each,  are  used,  each  bottle  containing  50  cc.  N/100  iodine  solution. 
The  water  placed  in  the  bottle  is  sealed.  The  sample  is  titrated  with  standard 
N/100  sodium  thiosulphate  upon  receipt  at  laboratory,  at  which  time  a  blank 
is  run,  using  50  cc.  iodine  solution  made  to  mark  with  distilled  water.  The 
difference  between  the  titration  of  the  sample  and  the  blank  represents  hydrogen 
sulphide  present. 

Iodine  value  X  0.1 263X4  =  sulphur  value  grams  per  liter. 
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Oil 

Frequently  waters  from  condensing  engine,  or  after  passing  heaters  or  oil 
separators,  still  contain  oil  in  small  quantities.  The  following  method  has  been 
found  most  satisfactory: 

Reagents.  Ferric  Chloride  Solution,  (10  grams  of  iron  dissolved  in  200  cc. 
HCl,  oxidized  with  HNO3  and  made  to  one  liter.) 

Ammonia  C.P. 

Note.  If  the  oil  exceeds  0.4  grain  per  gallon,  use  500  cc,  or  less  for  the  deter- 
mination; if  below  0.4  grain  |>er  gallon  use  1  liter. 

Operation.  Add  to  the  water  taken  in  a  large  beaker  or  flask  5  cc.  of  the 
"  ferric  chloride  "  solution  and  heat  nearly  to  boiling;  then  add  ammonia  in 
excess,  to  precipitate  the  iron  (which  precipitate  contains  all  the  oil),  and  boil  for 
two  minutes. 

Allow  to  stand  a  few  minutes  and  filter  through  a  15  cm.  filter  paper  which 
has  been  previously  extracted  with  ether,  transferring  the  precipitate  on  to  the 
paper  with  hot  water,  and  washing  three  or  four  times  with  hot  water.  Thcndn* 
both  filter  and  precipitate  in  the  water  oven  at  100°  C.  and  when  dr>',  extract 
with  ether  in  the  soxhlet  in  the  usual  way,  evaporate  the  ether  extract  and 
weigh  the  remaining  oil. 

Dissolved  Oxygen 

Use  the  Winkler  Method^ 

Reagents.  No.  1.  Manganous  Sulphate  Solution,  48  grams  manganous 
sulphate  dissolved  in  100  cc.  distilled  water. 

No.  2.  Iodide  Solution.  360  grams  NaOH  and  100  grams  KI  dissolved  in  1 
liter  of  distilled  water. 

No.  3.  Concentrated  hydrochloric  acid,  or  sulphuric  acid  sp.gr,  1,4  (dilute 

1  :  1), 

No.  4.  Sodium  Thiosulphate  Solution.  N/100  solution  is  made  as  needed 
from  the  N/10  stock  solution. 

NoTK.  Not  pennancnt;  should  be  frequently  restandardized  against  N/100  potas- 
sium bichromate. 

The  addition  of  5  cc.  of  chloroform  plus  1.5  grams  sodium  or  ammonium  carbonat* 
to  each  liter  of  sohition  on  mixing  will  improve  its  keening  quality. 

N/40  sodium  thiosulf)hate  containing  6.2  grams  C.P.  recrystallized  salt  per  \i\et 
may  be  preferred  to  N/10()  strength.  1  cc.of  thissolution  is  equivalent  to 0.2  milligrain 
oxygen  by  weight  or  0.1395  cc.  oxygen  by  volume,  standard  condition.s. 

5.  Starch  Solution.-  The  starch  should  first  be  made  into  a  thin  paste  with 
cold  water  and  about  200  tiin(\s  its  weight  of  boiling  water  stirred  in  and  boiW 
for  a  few  minutes.     A  few  drops  of  chloroform  will  assist  in  preserving  this  solution. 

Collection  of  Sample.  A  small-necked,  250-cc.  l)ottle  should  be  used,  etched 
or  otherwise  marked,  with  its  exact  volume  previously  determined.     The  collec- 

Uier.  deutsche  Chem.  (lesell.,  21,  2843,  1888.  Also  Z.  Anal.  Chem.,  oS,  66&-72, 
1914;   C.F.C.A.,  8,  674,  1915. 

-  f  lale  gives  the  following  method.  '*  Rub  5  grams  of  potato  starch  with  cold  water 
to  a  thin  j)aste  together  with  10  miUigrams  of  mercuric  iodide.  Pour  into  one  liter 
of  boiling  water  and  boil  half  an  hour.'* 
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tion  should  be  so  arranged  to  exclude  outside  air  and  result  in  several  con- 
tinuous changes  of  the  contents  before  stoppering,  care  being  taken  to  exclude 
air  bubbles. 

Operation.  To  sample  as  received  add,  in  both  cases  by  pipette,  delivering 
below  surface  of  water  and  away  from  the  air,  2  cc.  solution  No.  1  (manganese 
sulphate)  and  No.  2  (NaOH,KI).  Restopperand  shake  thoroughly.  After  pre- 
cipitate has  settled  add  2  cc.  HCl  or  H2SO4  and  again  mix  by  thorough  shaking 
until  precipitate  has  completely  dissolved,  transfer  100  cc.  to  flask,  and  titrate 
with  solution  No.  4  (sodium  thiosulphate),  using  starch  as  indicator  near  end  as 
the  color  approaches  a  faint  yellow. 

N  =cc.  N/100  thiosulphate  solution. 
V  =capafity  of  bottle  less  4  co.  (vol.  sol.  1  and  2  added). 

O  =  the  amount  of  oxygen  in  parts  per  million  in  water  saturated  at  the  same  tem- 
perature and  pressure. 

,,.   ^,  .0008NX  1,000,000      „.,  . 

(1)  Oxygen  m  p.p.m.  =  — :r^ =«.8N.* 

(2)  Oxj'gcn  in  cc.  per  liter         =.7  oxygen  p.p.m. 

,_.   ^.  ^      X       .•  Oxygen  p.p.m.  (observed  temp,  and  pres.) 

(3)  OxN'gen  i>cr  cent  saturation  =^-: -r^-^ —^ — r -rz j :• 

i>aturation  oxygen  p.p.m.  (observed  temp,  and  pres.) 


METHODS  FOR  THE  DETERMINATION  OF  SMALL  AMOUNTS 

OF  LEAD,  ZINC,  COPPER  AND  TIN 

Ver>'  frequently  a  determination  is  desired  of  materials  which  are  apt  to  be 
present  in  water  due  to  the  solvent  action  of  such  water  upon  pipes  and  con- 
tainers. In  most  cases  the  estimates  are  made  by  colorimetric  methods  if  the 
amounts  present  are  exceedingly  small.  As  these  determinations  are  made  only 
in  rare  cases  it  seems  advisable  to  summarize,  calling  attention  to  the  fact  that 
all  methods  may  be  found  in  full  in  any  of  the  editions  of  Standard  Methods  for 
Water  Analysis  gotten  out  by  the  American  Public  Health  Association. 

Where  any  or  all  of  the  metals,  lead,  zinc,  copper  and  iron  are  apt  to  be  present, 
a  large  quantity  (1  to  4  liters),  of  the  water  is  evafK)rated.  The  metals  are 
separated  as  sulphides  with  ammonia  and  hydrogen  sulphide.  The  precipitate 
after  washing  is  dissolved  in  nitric  acid  and  refiltered  to  remove  suspended 
matter  and  then  concentrated  with  H2SO4. 

The  lead  is  removed  by  taking  up  the  concentrated  solution  with  50%  alcohol 
(100  cc.  to  150  cc),  filtering  and  dissolving  the  precipitate  in  ammonium  acetate, 
after  which  the  solution  is  made  to  volume  and  divided.  One-half  is  saturated 
-with  hydrogen  sulphide  water  to  get  an  approximate  idea  of  the  amount  of  lead 
present.  To  the  other  half  add  two  to  three  drops  of  acetic  acid,  then  an  excess 
of  hydrogen  sulphide  water  and  compare  the  color  ^ith  standards.   This  gives  lead. 

The  alcohol  is  removed  from  the  filtrate  by  evaporation  and  it  is  then  treated 
with  ammonia  to  remove  possible  iron.    The  filtrate  from  the  iron  precipitate 

*  Correcting  for  displacement  for  3()0-cc.  bottle,  .8X  =  .811N;    for  275-cc.  bottle, 

No  correction  for  displacement  affects  lesult  .1  p.p.m.  oxygen. 
Twentv-five  cc.  variation  in  car.acity  of  bottle  affects  result  .01  p.p.m.  oxygen. 
The  af>ovc  formulae  are  based  upon  N/100  thiosulphate,  and  titrating  100  cc. 
volunne.    N  » cubic  centimeters  thiosulphate  used. 
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is  neutralized  with  HsS04,  then  2  cc.  concentrated  H,S04  and  1  gram  urea 
added.  Copper  is  removed  by  electrolyzing  (two  hours  with  0.5  ampere  current). 
If  the  deposit  is  material  it  may  be  weighed  as  copper  after  washing  with  alcohd 
and  drying.  When  the  deposit  is  extremely  small  it  should  be  dissolved  in  nitric 
acid,  evaporated  to  dryness  to  remove  acid  taken  up  in  water,  after  which  potas- 
sium sulphide  solution  is  added  and  the  color  compared  with  standards.  This 
gives  copper. 

The  solution  from  the  above  is  nearly  neutralized  with  ammonia.  It  is  then 
concentrated  and  2  grams  potassium  oxalate  and  1.5  grams  potassium  sulphate  are 
added  and  the  zinc  removed  by  electrolyzing.  (Three  hours  with  0.3  ampere 
current.)    This  gives  zinc. 

Where  copper  only  is  desired  it  is  frequently  sufficiently  satisfactory  to  con- 
centrate the  water  from  50  cc.  to  75  cc,  after  which  it  is  acidified  with  2  to  5  cc. 
concentrated  H2SO4,  depending  upon  whether  the  water  is  very  alkaline  with 
carbonate  of  lime,  etc.,  and  then  the  procedure  for  copper  is  followed.^ 

There  is  no  satisfactory  method  for  the  quantitative  determination  of  smaU 
quantities  of  tin.  In  the  above-mentioned  procedure,  however,  in  case  tin  should 
be  present  it  would  be  removed  with  the  ammonia  precipitate  for  the  removal  of 
iron  and  its  presence  may  be  avoided  by  dissolving  the  sulphides  in  the  origiDal 
precipitation  in  HNOi,  in  which  the  tin  would  remain  behind  insoluble. 

HARDNESS 
Total  Hardness 

The  most  accurate  method  for  total  hardness  is  by  calculation  of  the  calcium 
and  magnesium  determined  gravimetrically  as  previously  outlined,  calculating 
the  calcium  as  calcium  carbonate  and  the  magnesium  to  its  calcium  carbonate 
equivalent  in  terms  of  parts  per  million.*  However,  where  only  the  hardness  is 
desired,  gravimetric  methods  are  cumbersome  and  the  following  are  accepted  as 
standard. 

The  standard  method  for  the  determination  of  total  hardness,  as  well  as  tem- 
porary and  permanent,  depends  upon  the  action  of  the  lime  and  magnesia  in 
solution  upon  soap,  the  soap  added  in  a  very  dilute  solution  in  alcohol.  Total 
hardness  represents  the  total  soap  acted  upon  by  the  water  in  its  original  state, 
permanent  hardness  represents  the  total  soap  acted  upon  by  the  water  after  the  ' 
water  in  question  has  been  thoroughly  boiled  and  separated  from  the  suspended 
matter,  and  temporary  hardness  represents  the  difference  between  the  total  hard- 
ness and  the  permanent  hardness,  and  while  it  is  supposed  to  represent  combined 
carbonates  of  lime  and  magnesia,  and  the  permanent  hardness  is  supposed  to 
represent  lime  and  magnesia  in  other  forms  than  carbonate,  this  is  rarely  so  due 
to  the  fact  that  a  certain  material  amount  of  carbonate  of  lime  and  magnesia  ia 
soluble  in  water,  even  in  the  absence  of  carbon  dioxide  gas.  The  reagents  used 
are  standard  soap  solution  and  standard  calcium  chloride  solution,  the  latter 
being  made  under  such  conditions  that  1  cc.  of  the  solution  is  equivalent  to 
0.2  milligram  of  calcium  carbonate. 

1  Phelps,  Jour.  Amer.  Chem.  Soc,  28,  369,  1906. 
*  C.  Bahlmann,  J.  Ind.  Eng.  Chem.,  6,  209,  11. 
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Preparation  of  Solutions 

0.2  gram  pure  calcium  carbonate  is  dissolved  in  a  small' amount  of  dilute  HCl, 
taking  pains  to  avoid  any  loss  due  to  effervescence  or  spattering.  Evaporate  the 
solution  to  dryness  several  times  to  remove  excess  acid.  Dissolve  in  distilled 
water  and  make  up  to  1  liter. 

Standard  soap  solutian  is  obtained  by  dissolving  approximately  100  grams 
dry  castile  soap  in  1  liter  80%  alcohol.  This  solution  should  stand  several  days. 
For  standardizing,  this  solution  should  be  diluted  with  alcohol  (70%  to  80%), 
until  6.4  cc.  when  added  to  20  cc.  of  standard  calcium  solution  will  produce  a 
permanent  lather.  Usually  less  than  100  cc.  of  the  original  soap  solution  will 
make  1  liter  of  standard  solution. 

For  standardizing,  use  250-cc.  glass-stoppered  bottle,  add  20  cc.  calcium 
solution  with  30  cc.  distilled  water.  The  soap  solution  should  be  added  from  a 
burette,  approximately  .2  cc.  at  a  time,  after  which  the  bottle  is  shaken  vigorously 
until  the  lather  formed  remains  unbroken  for  five  minutes  after  shaking  and  after 
the  bottle  has  been  placed  upon  its  side. 

Note.  Pure  potassium  oleate  and  potassium  carbonate  may  be  used  in  place 
of  soap.^ 

Operation.  Fifty  cc.  of  the  water  in  question  are  measured  into  a  250-cc. 
bottle,  the  soap  solution  added,  approximately  .2  cc.  at  a  time,  and  in  the  same 
manner  as  described  for  the  standardizing  of  said  soap  solution.  The  following 
table,  copied  from  p.  33,  Standard  Methods  of  Water  Analysis,  A.P.H.A.,  1913, 
may  be  used  to  obtain  the  total  hardness  from  the  results  so  noted: 


TABLE  OF  HARDNESS  SHOWING  THE  PARTS  PER  MILLION  OF  CALCIUM 
CARBONATE  (CaCO,)  FOR  EACH  TENTH  OF  A  CUBIC  CENTIMETER 
OF  SOAP  SOLUTION  WHEN  50  CC.  OF  THE  SAMPLE  ARE  USED. 


re.  of  Soap 
Solution. 

0.0 
cc. 

0.1 
cc. 

0.2 
cc. 

0.3 
cc. 

0.4 
cc. 

0.5 
cc. 

0.6 
cc. 

0.7 
cc. 

0.8 
cc. 

0.9 
cc. 

0  0 
1.0 
2.0 

•     •     •     • 

4.8 
19.5 

•      •     •      • 

6.3 
20.8 

•    •    •    ■ 

7.9 
22.1 

■     ■      •     • 

9.5 
23.4 

*     •     •      • 

11.1 

24.7 

i2.'7 
26.0 

•       •       a       ■ 

14.3 
27.3 

0.0 
15.6 
28.6 

0.6 
16.9 
29.9 

3.2 
18.2 
31.2 

3.0 
4.0 
5.0 

32.5 
45.7 
60.0 

33.8 
47.1 
61.4 

35.1 
48.6 
62.9 

36.4 
50.0 
64.3 

37.7 
51.4 
65.7 

38.0 
52.9 
67.1 

4D.3 
54.3 
6.S.6 

41.6 
55  7 
70.0 

42.9 
57.1 
71.4 

44.3 
58.6 
72.9 

6.0 
7.0 

74.3 

88.6 

75.7 
90.0 

77.1 
91.4 

78.6 
92.9 

80.0 
94.3 

81.4 
95.7 

82.9 
97.1 

84.3 
98.6 

85.7 
100.0 

87.1 
101.5 

It  is  not  desirable  to  use  more  than  7  cc.  of  soap  solution  for  50  cc.  of  the 
water,  and  when  the  figures  are  higher,  the  water  should  be  diluted  with  distilled 
water.     The  reading  in  the  table  corresponding  to  the  cc.  of   soap  solution 

»C.  Blacher,  Chem.  Zte..  86,  541;  J.  See.  Chem.  Ind.,  81,  556,  C.  A.,  7,  1394;  C. 
Blacher,  P.  Gruenberg,  M.  Kiasa,  Chem.  Ztg.,  87,  56-8,  C.  A.,  7, 193S.  L.  W.  Winkler, 
Z.  Anal.  Chem.,  68,  409-15,  C.  A.,  8,  2912. 
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50  cc 

used  is  then  multiplied  by  the  quotient -;   x  cc.  being  equal  to  the  amouni 

X  cc. 

of  water  taken.  In  making  this  determination  there  is  frequently  noted  a  fabe 
end-point  sometimes  known  as  the  magnesium  end-point.  ,To  avoid  error,  it 
is  advisable,  after  completing  the  titration,  to  read  the  burette,  add  0.5  cc. 
more  of  the  soap  solution  and  shake  well.  If  magnesium  has  been  respou- 
sible  for  the  false  end-point,  after  such  addition  the  lather  will  again  dis- 
appear, and  titration  should  be  continued  until  a  new  and  true  end-poiLt 
is  reached.  It  is  advisable  to  determine  the  strength  of  the  soap  solutioD 
from  time  to  time,  as  it  is  very  prone  to  change  upon  standing.  Resuhs 
should  be  recorded  in  terms  of  calcium  carbonate,  parts  per  million.  There 
are  various  other  means  of  reporting.  The  English  degree  frequently  noted 
as  Clark  degree,  represents  grams  calcium  carbonate  per  Imperial  gallon  and 
should  be  multiplied  by  14.3  to  give  parts  per  million.  Conversely,  the  result 
obtained  in  parts  per  million  divided  by  14.3  will  give  Clark,  or  English  degrees, 
French  degrees  represent  parts  per  100,000  calcium  carbonate  and  should  be 
multiplied  by  10  to  give  parts  per  million.  Conversely,  division  of  the  rrsuh 
obtained  above  by  10  will  give  French  degrees.  German  degrees  represent  part? 
per  100,000  calcium  oxide  and  should  be  multiplied  by  17.8  to  give  parts  per 
million  calcium  carbonate.  The  determination  of  hardness  is  not  reliable  on 
account  of  the  varying  action  of  calcium  and  magnesium  salts,  and  should  never 
be  resorted  to  when  possible  to  determine  these  bases  direct. 

Note.  Dr.  Hale  claims  that  the  soap  method  for  hardness  in  skilled  hands  b 
accurate  from  10  to  15  parts  per  million  on  waters  as  hard  as  300  parts. 

For  permanent  hardness  the  standard  soap  solution  is  used  as  above  stated. 
The  water,  however,  is  boiled  gently  for  one-half  hour,  allowed  to  cool,  made  to 
volume  with  boiled  and  cooled  distilled  water  and  filtered,  after  wliich  the  above 
method  is  used.  The  difference  between  total  hardness  and  permanent  hardnes? 
is  supposed  to  represent  temporary  hardness.  The  alkalinity  determination  gi\*eD 
on  a  previous  page  is  a  much  more  accurate  method  of  determining  temporary 
hardness,  however,  and  is  also  much  more  easily  carried  out.  When  total  hard- 
ness and  alkalinity  are  determined,  permanent  hardness  would  be  the  difference 
between  these  two  figures.  For  comparative  use  as  against  total  and  permar 
nent  hardness  determined  as  such,  the  results  would  be  much  different,  as  the 
alkalinity  determination  of  all  the  carbonates  would  ^ve  a  permanent  hardness 
representing  absolutely  non-carbonate  hardness;  whereas  the  determined  per- 
manent hardness  would  contain  a  material  amount  of  combined  carbonates  d 
lime  and  magnesia.  The  American  Public  Health  Association,  Committee  on 
Standard  Method  of  Water  Analysis,  reconunend  that  the  determination  of  per- 
manent hardness  by  the  soap  solution  be  discontinued  in  connection  with  softenii^ 
process,  as  it  is  so  unsatisfactory  in  general  practice. 

Magnesium  Chloride 

Frequently,  when  hypothetical  combinations  are  used  it  is  desired  to  check 
up  these  calculated  combinations  by  some  chemical  method.  Magnesium  chloride 
is  frequently  produced  in  the  course  of  hypothetical  combinations  and  its  presence 
is  as  frequently  a  source  of  much  trouble  in  the  determination  of  a  mineral  residue, 
owing  to  the  ease  with  which  it  decomposes  or  carbonates.    A  method  is  suggested 
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whereby  a  second  50  cc.  portion  similar  to  the  total  mineral  residue  is  exactly 
neutralized  with  sufficient  HjSO«,  the  amount  to  use  being  calculated  from  the 
total  alkalinity  obtained  elsewhere.  The  solution  is  allowed  to  go  to  complete 
dryness,  is  baked  at  a  temp)erature  of  280**  F.  to  300°  F.,  and  after  being  cooled 
the  chlorine  is  titrated.  The  difference  between  the  chlorine  thus  determined 
and  the  total  chlorine  previously  determined  represents  chlorine  lost  by  volatil- 
ization as  magnesium  chloride.  In  the  absence  of  organic  matter  this  method 
is  approximately  accurate.  Where  organic  matter  or  other  reducing  material  is 
present,  however,  the  results  are  not  so  satisfactory. 

Calcium  Sulphate 

In  a  similar  manner  it  is  frequently  desired  to  know  whether  or  not  a  water 
would  contain  calcium  sulphate,  and  a  method  of  comparative  satisfaction  depends 
upon  the  evaporation  of  250  cc.  to  500  cc.  of  the  original  water  to  dryness.  After 
cooling,  10  cc.  of  distilled  water  are  added  and  the  mineral  matter  loosened  from 
the  sides  of  the  dish  and  partially  dissolved.  Ten  cc.  of  95%  alcohol  are  then 
added  and  100  cc.  of  50%  alcohol.  After  thorough  stirring  and  solution  this 
material  is  filtered,  the  precipitate  washed  with  50%  alcohol  and  the  filtrate  made 
to  volume,  divided  and  tested  for  calcium  and  sulphates  in  the  usual  manner. 
The  method  is  only  approximate. 


LIME  AND  SODA  VALUED 

Two  very  simple  methods  have  been  devised  for  the  rapid  estimation  of  the 
amount  of  lime  and  soda-ash  necessary  for  softening,  when  water  treatment  is 
considered  from  the  outside  softening-plant  point  of  view. 

Value  for  Lime 

Reagents.  Saturated  lime  water  (strength  to  be  known  for  each  series  of 
determinations).     N/10  hydrochloric  acid. 

Process,  Take  200  cc.  of  the  water  in  question;  add  50  cc.  saturated  lime- 
water  solution  in  250-cc.  volumetric  flask  and  heat  to  boiling.  Allow  to  cool. 
Fill  to  the  250-cc.  mark  with  water  to  replace  that  lost  by  evaporation;  filter 
through  a  dry-folded  filter  and  titrate  200  cc.  of  the  filtrate  with  N/10  acid,  using 
methyl  orange  as  an  indicator. 

For  calculation,  let  "  a  "  equal  number  of  cc.  N/10  calcium  oxide  in  50  cc. 
the  lime  water,  as  determined:  and  let  "  b  "  equal  the  number  cc.  N/10  hydro- 
chloric acid  used  in  determination. 

(4a— 5b) X 3.51  CaO  will  give  milligrams  of  lime  per  liter  required  to  soften 
the  water  tested. 

Value  for  Soda 

To  the  neutralized  200  cc.  from  above  titration,  add  20  cc.  N/10  sodium 
carbonate.  Heat  to  boiling.  Transfer  with  CO2  free  distilled  water  into  a  250- 
cc.  flask  to  make  up  to  mark  with  washings  from  the  dish;  mix  thoroughly  and 
filter,  collecting  200  cc.  of  the  filtrate  in  a  beaker.    Titrate  with  N/10  hydro- 

1  Drawe,  Zeit.  f .  Angew.  Chem.,  23,  62,  1910. 
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chloric  acid  for  the  excess  alkali.     Designate  the  number  of  cc.  in  this  titratkB 
by  "  c.'* 

Formula:   (20— b  — Jc)X33.13  NajCOa=  milligrams  of  soda  per  liter  neceaBur 

to  soften  water  in  question. 

Note.  Both  formulse  are  based  upon  C.  P.  chemicals,  and  corrections  must  be 
made  for  the  value  of  the  commercial  materials  in  use.  These  methods  are  valuabk; 
though  for  actual  practice  it  is  advisable  to  try  out  on  a  liter  of  water  in  queBtioo, 
using  the  calculated  amounts  of  lime  and  soda  for  experimental  piirposes. 


METHODS  OF  REPORTING  AND  INTERPRETATION 

The  manner  of  reporting  the  results  of  a  mineral  anal3r8is  of  any  water  csUs 
for  as  much  thought  and  uniformity  as  the  methods  of  analysis  themselves,  and 
in  tliis  department  there  is  much  less  uniformity  than  in  the  case  of  analytical 
methods.    Undoubtedly,  the  ideal  method  of  reporting  is  that  which  gives  rcBuhs 
in  Ionic  form  (pasitive  and  negative  radicals),  in  terms  of  parts  per  million  or 
grains  per  gallon.    The  latter  term  is  purely  American  and  would  have  to  be 
converted  for  comparison  with  results  obtained  in  almost  any  foreign  country. 
Parts  per  million,  though  newer  and  still  unfamiliar  to  all  but  professional  and 
scientific  men,  is  gaining  gradually  a  strong  foothold,  and  the  consideration  of 
this  tenninology  with  the  Ionic  form  of  reporting  will  be  considered  prior  to  the 
discussion  of  h>^othetical  combination  and  grains  per  gallon. 

Mr.  Herman  Stabler,^  and  R.  B.  Dole,*  of  the  United  States  Geologieii 
Survey,  have  devised  and  simplified  certain  calculations  and  formulas,  which 
greatly  assist  in  the  interpretation,  comparison,  and  classification  of  waters  for 
Industrial  and  Irrigation  *  purposes.  Formulas  with  reference  to  dissolved  solids 
will  be  the  only  ones  discussed  here.     The  following  table  gives  reaction  coeflBcienU: 


Positive  Uadieals. 

Ferrous  Iron  (Fe) ... 

Aluininum  (Al) 

Calciimi  (Ca) 

Ma^csium  (Mg).. . . 

Sodium  (Xa) 

Potassium  (K) 

Hydrogen  (H) 


Reaction 
CoefficifnU*. 

0 . 0358 
.1107 
.0499 
.0822 
.  0435 
.  ()25() 
.992 


Negative  Radicals. 

Carbonate  (COa) 

Bicarbonate  (HCX)«). 

Sulj)hate  (SO4J 

Chlorine  (CI) 

Nitrate  (NOa) 


Reaetkni 
Coeffin<nt:< 

0.0333 
.0154 
.0208 
.0282 
.0161 


I'sing  the  above  table,  the  parts  per  million  of  each  radical  multiplied  byit* 
reacting  coefficnent  will  give  its  Reacting  value,  and  in  the  fonnulas  which  follof 
this  will  he  indicated  by  "  r  "  i)refixe(l  to  the  chemical  symbol  of  the  radical. 

For  checking  the  accuracy  of  the  analysis,  the  sum  of  the  positive  reacting 
values  should  equal  the  sum  of  the  n(*gative  reacting  values,  and  the  foimul*- 

100  -^^z—- ^^ — '  =K>  ^^^^  percentage  error  of  the  analysis.     The  value  of  \^ 

r.  ros.+r  iSeg. 

error  should  never  exceed  5  for  waters  of  100  p.p.m.  or  more  dissolved  solids,  ssi 
should  be  2  or  less. 

'  Eng.  News,  60,  355,  1909. 

'-•  Water  Supplv  PajKr  No.  274,  p.  165,  Water  Supply  Paper  No.  254,  J.  Ind.  aiw 
Eng.  Chem.,  (>,  (1914),  No.  7,  p.  710. 
»  U.  S.  G.  S.  W.  S.  Paper,  274,  p.  177. 
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In  ordinary  analysis,  silica,  iron  and  aluminum  are  present  in  such  small  quan- 
tities that  they  may,  for  simplicity's  sake,  be  ignored.  The  following  formulas 
are  given  without  comment,  as  full  details  can  be  found  in  Water  Supply  Paper 
No.  274. 

Water  Softening 

For  looo  Gals.  Water.    Pounds  lime  (90%  CaO)  required 

=0.26(rFe+rAl+rMg+rH+rHCO,+  .0454CO,). 

Pounds  soda  ash  (95%  NajCO»)  required 

=0.465(rFe+rAl+rCa+rMg+rH-rCO,~rHCO,). 

Note.  Dr.  Hale  states  the  following.  Instead  of  the  extended  formulae  of  the 
[onic  system,  I  much  prefer  my  simple  formuke. 

(AlkalinityX.44+free  COi) X.0106     «lbs.  CaO  per  1000  gak.  feed  water. 

Mso  (Total  hardness -total  lime)  X. 0047=  lbs.  CaO  per  1000  gals,  feed  water, 
or  total  magnesia  as  CaCOi. 

(Total  hardness  -  alkalinity )  X. 009    =lbs.  NajCOj  per  1000  gals,  feed  water. 
Expressed  as  CaCOa. 

Foaming  and  Priming 

Foaming  coefficient  F  =2.7  Na. 

Taking  into  consideration  the  various  boilers  and  the  action  of  various  waters 
in  practice,  the  following  approximate  classification  of  waters  for  foaming  con- 
ditions is  of  value: 

Non-foaming,    F  =60  or  less. 
Semi-foaming,  F=  60-200. 
Foaming,  F  =200  or  more. 

Corrosion 

For  Add  Waters 
Coefficient  of  corrosion  C  =  1.008(rH+rAl+rFe+rMg-rCOa-rHCO,). 

For  Alkaline  Waters 
C=rMg-rHCO,. 

If  C  is  positive,  water  will  corrode. 

If  C+.0503  Ca  is  negative,  water  will  not  corrode  on  account  of  the  mineral 
materials  in  the  water. 

If  C  is  negative,  but  C  —  .0503  Ca  is  positive,  the  water  may  or  may  not  corrode. 

Scale 

Si02+2.95  Ca+1.60  Mg=scale  p.p.m., 
or 

» (.00833  Sm-f  .00833  Cm+.3  rFe+.142  rAl)+.168  rMg+.492  rCa 

= scale  lbs.  per  1000  gallons. 

*  Can  be  omitted  or  ignored  unless  suspended  matter,  silica,  etc.,  are  present  in 
large  quantities. 
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There  are  also  formulas  given  in  the  above-mentioned  Bulletin  on  soap  cost, 
lime,  soda,  soda  ash,  cost  hard  scale  (poimds  per  1000  gaUons)  and  a  hardness 
coefficient  of  the  scale  formation. 


Irrigating  Waters 

Alkali  Coefficient 

(a)  When  Na— .66  CI  is  zero  or  negative. 

2040 
Alkali  coefficient,  k  =  -^ . 

(6)  When  Na  — .65  CI  is  positive,  but  not  greater  than  .48  S0«, 

Alkali  coefficient,  k=r; — -  .  ,  ■^.. 

rsa-h^.o  CI 

(c)  When  Na  -  .65  CI  -  .48  SO*  is  positive, 


Alkali  coefficient,  k=   - 
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Na -.32  CI -.43  so; 
Classification  on  basis  of  alkali  coefficient : 


Alkali  coefficient. 


More  than  18 


18  to  6. 


5.9  to  1.2. 


Less  than  1 .2 


Class. 


Remarks. 


Good. .  .    Have  been  used  successfully  for  many  years  without  special 

,     care  to  prevent  alkali  accumulation. 
Fair. .  .  .  |  Special  care  to  prevent  gradual  alkali  accumulation  has 

j     generally  been  found  necessary  except  on  loose  soils  with 

I     free  draina^. 
Poor .  .  . '  Care  in  selection  of  soils  has  been  found  to  be  imperative  and 

'     artificial  drainage  has  frequently  been  found  necessary. 
Bad. ...  I  Practically  valueless  for  irrigation. 


Hypothetical   Combinations 

The  use  of  hypothetical  combinations  in  the  reporting  of  a  mineral  water  b 
frequently  of  value,  in  that  it  gives  a  more  rapid  way  of  placing  in  simpler  terms 
the  principal  materials  present  in  the  water.  It  should  never  be  assmned  from 
the  hypothetical  combinations  that  the  materials  so  reported  are  present  in  the 
water  in  that  particular  form,  but  it  is  assumed  by  most,  that  the  form  in  which 
such  materials  arc  reported  will  represent  the  condition  in  which  those  materials 
will  combine  when  the  water  is  subjected  to  increased  pressure  and  increased 
temperature.  In  other  words,  the  hypothetical  combinations  most  generally  in 
use  represent  the  way  materials  will  appear  when  combined,  due  to  the  law  of 
mass  action  under  steam-l)oiler  conditions. 

For  such  purpose  the  method  which  takes  care  of  the  insoluble  materia!s  or 
materials  leaving  the  water  first  is  the  most  common  method  in  use.  This 
method  combines  as  follows:  Where  the  sum  of  the  sulphate  and  carbonate  radicals 
exceeds  that  of  lime  and  magnesia  as  bases,  the  magnesia  is  first  calculated  to 
carbonate,  the  remaining  carbonate  is  combined  with  lime,  the  remaining  lime 
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with  sulphate  and  the  remaining  sulphate  with  sodium.  This  also  takes  care 
of  the  general  condition  where  the  carbonates  alone  are  in  excess  of  the  com- 
bined carbonates  of  lime  and  magnesium,  in  which  case  the  remaining  carbonate 
naturally  would  be  calculated  to  sodium  and  all  the  sulphate,  as  well  as  chloride, 
also,  calculated  to  sodium.  Where,  however,  the  sum  of  the  bases  is  greater 
than  the  sum  of  the  carbonate  and  the  sulphate  radicals,  two  possible  conditions 
or  combinations  exist.  Where  magnesium  chloride  is  present  in  the  water,  the 
sum  of  the  acids  calculated  to  the  soda  radical  should  be  greater  than  the  total 
mineral  residue.  Partially  decomposed  magnesium  chloride  is  indicated  in  this 
way,  also  the  fact  that  magnesium  chloride  has  a  lower  molecular  weight  than 
sodium  chloride,  which  condition  would  be  indicated  in  such  a  comparison.  When 
this  case  exists,  the  sulphate  is  first  calculated  to  calcium,  the  remaining  calcium 
to  carbonate,  the  remaining  carbonate  to  magnesium,  the  remaining  magnesium 
to  chloride,  the  remaining  chloride  to  sodium.  Where  the  total  mineral  residue 
is  greater  than  the  sum  of  the  acids  and  where  nitrates  are  present,  we  then  have 
nitrate  of  lime,  which  is  assumed  the  conmioner  form  than  nitrate  of  magnesium, 
and  the  calculations  are  as  follows:  All  the  sulphate  is  calculated  to  lime,  all  the 
magnesium  to  carbonate,  the  remaining  carbonate  to  lime,  the  remaining  lime  to 
nitrate,  the  remaining  nitrate  to  sodium,  and  all  the  chlorides  to  sodium.  In  acid 
waters  naturally  the  lime  and  magnesia,  as  well  as  the  iron  and  aluminum^  are 
calculated  to  the  acid  present  in  the  greatest  excess.  These  methods  of  calculation 
will  give  certain  materials  frequently  found  in  scale  formation  and  materials 
frequently  supposed  to  cause  certain  characteristic  troubles  in  either  steam  or 
domestic  usage.  It  is  possible  in  a  purely  qualitative  way  to  judge  or  interpret 
the  water  on  the  basis  of  the  fime  and  magnesium  salts,  for  incrustation,  and  of 
the  alkali  salts  for  other  troubles  in  boiler  practice,  also  from  the  standpoint  of 
irrigation,  the  various  forms  of  the  alkali  salts  as  black  and  white  alkali,  without 
the  necessity  to  use  the  formulas  already  considered. 

Field  Assay  of  Water 

Mr.  R.  B.  Dole  has  published  in  Water  Supply  Paper  No.  151,  of  the  U.  S. 
Geological  Survey,  field  methods  for  the  assay  of  water  in  which  tablets  of  known 
value  are  used  for  the  determination  of  chlorides,  carbonates,  sulphates  and  iron. 
In  this  type  of  assay,  a  given  amount  of  the  water  is  taken  and  tablets  are  added  to 
the  water  until  certain  definite  reactions  take  place,  when  the  nimiber  of  tablets 
used  is  estimated  and  an  approximate  value  obtained.  The  error  in  such  work 
varies  from  3  to  15  per  cent,  but  the  results  of  the  test  give  valuable,  if  not 
accurate,  information. 

The  author  is  indebted  to  Dr.  F.  E.  Hale,  Director  of  Laboratories  Depart- 
ment of  Water  Supply,  New  York  City,  for  a  careful  review  of  this  chapter,  and 
for  valuable  suggestions. 
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Augustus  H.  Gill* 

It  will  be  remembered  that  the  fixed  oils  are  those  which  leave  a  permanent 
stain  on  paper,  whereas  the  essential  or  volatile  oils  evaporate.  The  fixed  oils, 
if  saponifiable,  are  glycendes  of  the  higher  fatty  acids,  oleic,  CkHuCOOH,  stearic, 
CitHuCOOH,  palmitic,  CiJIjiCOOH;  and  if  unsaponifiable,  hydrocarbons, 
usually  of  the  paraffin  (C«H|»4.s)  and  olefin  (C«Hm)  series.  The  faU  differ  from 
the  oils  in  having  a  higher  melting>point,  caused  by  a  larger  percentage  of 
stearic  and  palmitic  acid.  The  waxes  differ  from  the  oils  or  fats  in  that  the 
former  are  esters  of  monatomic  alcohols.  The  oils  are  further  divided  accordinK 
to  their  drying  power  on  exposure  to  the  air,  into  drying,  semi-dr3dng  and  non- 
drying  oils. 

The  drying  oils  contain  a  large  proportion  of  glycerides  of  the  unsaturated 
acids,  particularly  linoleic  and  linolenic,  whereas  the  semi-drying  contain  a  smaller 
percentage,  and  the  nonnhying  little  or  none  of  these  esters. 

Examination  of  an  Unknown  Oil 

• 

There  being  no  specific  tests  for  the  various  oils,  as  for  their  identification,  the 
analyst  should,  in  attacking  an  unknown  oil,  ascertain  all  possible  facts  about  it, 
as  the  source,  the  use  to  which  it  is  put,  and  the  cost. 

Certain  physical  properties  too,  may  aid  in  the  examination.  The  cdor 
is  of  little  assistance,  as  oils  may  be  colored  by  the  use  of  oleates  or  butyrates  of 
iron  or  copper.  Fluorescence  or  "  bloom  "  is  valuable  as  indicating  the  presence 
of  mineral  oil;  this  can  be  shown  by  placing  a  few  drops  of  the  oil  on  a  dieet 
of  ebonite  and  observing  the  bluish  color.  The  odor  and  ta^te  are  particularly 
valuable.  Marine  animal  oils  are  detected,  especially  when  warm,  by  their 
strong  "  fishy  "  odor,  while  neatsfoot,  tallow,  lard,  rosin  and  linseed  oils  each  haw 
a  well-marked  and  easily  distinguishable  smell.  Whale  oil  is  said  to  have  a 
"nutty,"  and  rape  oil  has  a  harsh,  unpleasant  "tumipy"  taste.  The  twr- 
bidity,  showing  the  presence  of  water,  or  of  oils  which  imperfectly  mix — as  castor 
and  mineral  oils — and  the  sedimer  t,  either  stearin  or  dirt,  are  also  to  be  noted; 
these  should  be  filtered  out  through  paper  before  the  oil  is  analyzed. 

The  elaidin  test  (page  582)  may  be  applied  next,  to  allow  time  for  the  cake  to 
form;  it  will  be  followed  by  the  Maumen6  test  (page  582)  both  being  done  is 
duplicate.  In  making  the  elaidin  test  it  is  advisable  to  carry  on  an  experiment 
under  the  same  conditions  with  a  known  sample  of  lard  oil.  These  two  tests 
will  show  whether  the  sample  under  examination  is  a  drying  or  non-drying  oil  and 
when  the  ingredients  of  the  mixture  are  determined,  the  results  of  the  Maumen^ 
test  can  be  used  for  calculating  their  relative  amounts.  The  iodine  test  can  be 
employed  to  check  this  result. 

^  Professor  of  Technical  Analysis  at  Massachusetts  Institute  of  Technology,  Cain- 
bridge,  Mass. 
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The  saponification  teat,  unless  mineral  or  roein  oil  be  suspected,  need  rarely  be 
resorted  to;  the  reason  being  that  it  would  show  practically  nothing  regarding 
the  nature  of  the  oil.  Except  in  the  case  of  castor  (Sapn.  No.  181),  rape 
(174),  Eperm  (135)  and  cocoanut  (260),  this  characteristic  is  about  193. 

Finally,  where  the  importance  of  the  case  will  warrant,  the  analyst  is  advised 
to  prepare  a  nruxtu re  of  oils  using  the  proper  proportions  indicated  by  the  various 
tests,  and  subject  it  to  the  more  rapid  testa  as  the  specific  gravity,  viscosity, 
Maumen^  and  iodine  number.  In  making  out  the  report  of  analysis  it  should 
be  borne  in  mind  that,  excepting  in  the  case  of  the  special  test,  the  results  of 
or.e  test  cannot  be  relied  upon  to  determine  the  nature  of  an  oU,  but  the  evidence 
of  all  the  tests  here  given  should  be  carefully  compared  and  weighed  before 
rendering  a  final  verdict:  in  consideration  of  the  fact  of  the  wide  variation  of  the 
characteristics  of  the  oils,  it  is  futile  to  report  the  quantities  of  oil  found  in  a  . 
mixture  more  closely  than  1%. 


PETROLEUM   PRODUCTS 
(a)    Burning  Oils 

Tbe  teste  or  determinations  to  be  made  are,  in  the  order  of  their  importance, 
flash,  fire,  specific  gravity,  distillation,  sulphur,  free  acid,  sulphuric  acid,  mineral 
salts  and  water.     In  some  cases  tbe  color  is  determined. 

Flash  Test  or  Point.  Ity  flash  point  we  understand  the  lowest  temperature 
to  which  an  oil  must  be  heated,  to  give  off  vapors  which  when  mixed  with  air  pro- 
duce an  explosive  mixture.  The  result*  of  this  test  will  vary  according  to  the 
quantity  of  air  over  the  surface  of  the  oil,  and 
whether  this  be  moving  or  still;  also  according 
to  the  distance  of  the  testing  flame  from  the 
surface  of  tbe  oil.  Furthermore,  the  size  of 
this  testing  flame,  the  length  of  its  time  of 
fiction,  its  form  and  dimensions,  and  lastly,  the 
manner  of  beating  the  oil,  will  all  influence 
the  result.' 

Any  cause  producing  the  rapid  evolution  of 
a  large  amount  of  petroleum  vapor  tends  to 
lower  the  flash  point.  Barometric  changes  are, 
for  practical  work,  negligible,  each  5  mm.  caus- 
ing a  variation  of  but  0.1°  C. 

Determination  by  the  "  New  York  State 
Board  of  Health  Tester."  The  apparatus, 
Fig.  >6,  consists  of  a  copper  oil  cup,  D,  hold- 
ing about  10  OE.,  the  quantity  usually  contained 
in  lamptt,  heated  in  a  water  bath  by  a  small 
Bunsen  flame.  The  cup  is  provided  with  a 
glass  cover,  C,  carrying  a  thermometer,  B,  and  a  hole  for  the  insertion  of  the 
testing  flame — a  small  gas  flame  one-quarter  of  an  inch  in  length. 

Manipulatitm.    After  describing  the  apparatus  minutely,  the  regulations  of 

>  Engler  and  Haase,  Z.  Anal.  Chem.,  «0,  3,  1881. 


Fio.  86.— N.  Y.  Tester. 
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the  New  York  State  Board  of  Health  say,*  "  (2)  The  test  shall  be  applied  ac- 
cording to  the  following  directions: 

"  Remove  the  oil  cup  and  fill  the  water  bath  with  cold  water  up  to  the  marie 
on  the  inside.  Replace  the  oil  cup  and  pour  in  enough  oil  to  fill  it  to  within  one- 
eighth  of  an  inch  of  the  flange  joining  the  cup  and  the  vapor-chamber  abov«. 
Care  must  be  taken  that  the  oil  does  not  flow  over  the  flange.  Remove  all  ai^ 
bubbles  with  a  piece  of  dry  paper.  Place  the  glass  cover  on  the  oil  cup,  and  so 
adjust  the  thermometer  that  its  bulb  shall  be  just  covered  by  the  oil. 

"  If  an  alcoliol  lamp  be  emi)loyed  for  heating  the  water  bath,  the  wick  should 
be  carefully  trinmied  and  adjusted  to  a  small  flame.  A  small  Bunsen  burner 
may  be  used  in  place  of  the  lamp.  The  rate  of  heating  should  be  about  two 
degrees  per  minute,  and  in  no  case  exceed  three  degrees. 

"  As  a  flasli  torch,  a  small  gas  jet  one-quarter  of  an  inch  in  length  should  be 
emploj'cd.  Wlien  gas  is  not  at  hand  employ  a  piece  of  waxed  linen  twine. 
The  flame  in  this  case,  however,  should  be  small. 

"  When  the  temperature  of  the  oil  has  reached  85®  F.  the  testings  should  com- 
mence. To  this  end  insert  the  torch  into  the  opening  in  the  co\'er,  passing  it  in 
at  such  an  angle  as  to  well  clear  the  cover,  and  to  a  distance  about  half-way 
between  the  oil  and  the  cover.  The  motion  should  be  steady  and  uniform,  rapid 
and  without  any  pause.  This  should  be  repeated  at  every  two  degrees'  rise 
of  the  thermometer  until  the  temixjrature  has  reached  95®,  when  the  lamp 
should  be  removed  and  the  testings  should  be  made  for  each  degree  of  tempe^ 
ature  until  100°  is  reached.  After  this  the  lamp  may  be  replaced  if  necessary 
and  the  testings  conthiued  for  each  two  degrees. 

"  The  ap{xjarance  of  a  slight  bluish  flame  which  passes  over  the  entire  su> 
face  shows  that  the  flashing-point  has  been  reached. 

"  In  every  cav^e  note  the  temperature  of  the  oil  before  introducing  the  tordi. 
The  flame  of  the  torch  must  not  come  in  contact  with  the  oil. 

"  The  water  bath  should  be  filled  with  cold  water  for  each  separate  test,  and 
the  oil  from  a  previous  test  carefully  wiped  from  the  oil  cup." 

For  the  determination  with  the  open  tester  (TagUabue's  small)  reference 
may  be  had  to  the  author's  "  Short  Handl)ook  of  Oil  Analysis*';  for  the  test  ^ith 
the  closed  tester,  Abel's  or  Abel-Pensky,  or  Holders  "Examination  of  Hydrocarbon 
Oils  ''  translated  by  Mueller. 

Fire  Test.  The  fire  test  of  an  oil  is  the  lowest  temperature  at  which  it  will 
give  off  vapors  which  when  ignited  vnW  bum  continuously.  It  is  made  by  con; 
tinuing  to  heat  the  oil  (the  cover  being  removed  in  the  case  of  a  closed  tester 
without  slipping  out  the  thermometer)  at  the  same  rate  after  the  flash  test 
is  made  and  noting  the  point  as  indicated  above.  The  flame  is  extinguished  by  a 
piece  of  asbestos  board  and  the  heating  discontinued.  In  the  case  of  many 
illuminating  oils  this  jMjint  is  from  10°  to  20°  F.  higlier  than  the  flash  point. 

In  the  case  of  "  Mineral  Sperm  "  (300°  F.  fire  test  oil)  these  tests  should  be 
made  with  the  instrument  for  lul)ricating  oils  (page  576).  The  heating  should 
be  at  the  rate  of  10°  F.  \yQv  minute,  and  the  testing  flame  first  applied  at  230**  F. 
and  then  every  seven  degrees  until  the  flashing-point  is  reached. 

The  most  satisfactory  way  of  making  these  tests  is  to  place  the  watch  upon  the 
desk  and  read  the  thermometer  at  the  expiration  of  every  minute,  noting  down 
each  reading  in  the  pro]x;r  column  in  the  lalwratory  note-book. 

*  Report  of  the  New  York  State  Board  of  Health,  1882,  p.  495. 
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Specific  Gravity:  (a)  Bg  the  Hgdromeler.  A  hydrometer  jar  is  four-fifthB 
filled  with  the  oil,  a  verified  Baum^  hydrometer  introduced  into  it,  and  the 
depth  read  off  to  which  the  instrument  sinks  into  the  oil.  This  may  be  effected 
by  placing  a  strip  of  white  paper  back  of  the  jar  and  noting  the  point  at  which 
the  lower  meniacus  of  the  oil  touches  the  scale.  The  temperature  of  the  oil 
is  taken  at  the  same  time,  and  in  case  it  be  not  60°  F,  (16.5°  C),  subtract  1°  Baumf 
from  the  hydrometer  reading,  for  every  10°  F.  it  ia  higher  than  60°,  and  add  1° 
BauEQ^  for  every  10°  F.  it  is  lower  than  60°  F.  In  practice  this  can  be  done 
by  Tagliabue's  "  Manual  for  Inspectors  of  Coal  Oil,"  which  gives  the  readings  at 
60°  F.  for  any  gravity  from  20°  to  100°  Baum^,  between  20°  and  109°  F.     The 


specific  gravity  may  be  found  by  the  formula' 


140 


B°  representing  the  n 


130+B°' 
ing  Baum4  at  15.5°  C, 

(6)  By  the  Weatphal  Balance.  This  is  a  specially  constructed  instrument, 
FSg.  87,  with  a  glass  plummet  carrying  a  thermometer  counterbalanced  by  a  weight. 
Upon  immersing  the  plummet  in  a 
liquid  the  positions  of  the  weights, 
which  must  be  added  to  restore  the 
equilibrium,  represent  the  specific  grav- 
ity directly.  The  largest  weight  repre- 
sents the  first  decimal  place,  the  next 
the  second,  and  bo  on.  The  instrument 
is  placed  upon  a  level  table,  and  by 
means  of  the  leveling  screw  is  brought 
into  adjustment — I.e.,  so  that  the  point 
upon  the  beam  is  exactly  opposite  the 
point  Upon  the  fised  part. 

The  plummet  ia  now  placed  in  the 
vial  or  balance  jar  containing  the  oil, 
cooled  to  15.5°  C.,  hung  upon  the  bal- 
ance, being  careful  completely  to  im- 
merse it  in  the  oil,  weights  added  to 
restore  the  equilibrium,  and  the  specific 
gravity  read  off  as  above  described. 

Care  should  be  taken  that  the  plum- 
met dues  not  touch  the  sides  of    the 
jar  or  vial.     For  solid  fats  and  & 
using  a  special  plummet. 

DistiUfttionTeBt:  Engler's  Method.  Engler  uses  a  special  boiling  flask, 
6.5  cm.  in  diameter,  with  neck  15  cm.  long,  and  with  the  side  tube  about 
9  cm.  from  the  springing  of  the  bulb;  this  is  connected  with  a  Liebig  condenser 
and  heated  by  a  small  lamp  with  a  shield. 

One  hundred  cubic  centimeters  of  the  oil  are  measured  into  the  boiling  flask 
and  distilled  at  the  rate  of  2  to  2.5  cc.  per  minute,  the  distillate  being  caught 
in  K  25-cc.  burette  or  graduate.  When  the  distillation  is  to  be  broken,  the  lamp 
should  be  taken  away  and  the  temperature  allowed  to  sink  20°  and  again  brought 
to  the  breaking  or  fractionating  point,  as  long  as  any  considerable  quantity  goes 
over.     The  distillation  ia  first  broken  at  160°  C,  and  then  each  50°  imtil  290°C. 

1  This  formula  applies  to  liquids  lighter  than  water. 


Q.  87. — Wcsphal  Balance. 
oils  the  specific  gravity  is  taken  at  100°  C, 
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is  reached;  in  this  way  a  much  better  idea  of  the  value  of  the  oU  is  obtained  tlur 
if  the  distillation  were  allowed  to  proceed  continuously  between  these  point8i 
The  lighter  portions,  for  example,  those  between  150  and  200^,  bum  mudi 
better  than  those  between  250  and  290**;  the  heavy  portions  of  American  petro- 
leum burn  much  better  than  those  of  the  Russian  oils. 

The  averages  from  four  samples  of  Caucasian  and  ten  samples  of  American 
oils  subjected  to  this  test  were  as  follows,  in  per  cent  by  volume:^ 


Below  150<»  C.   I        15O-290*'        |Abore290*C 


Caucasian  i)etr()lcum '  8.0 

American  jKJtroleum 16.9 


86.6  I  5.4 

57.1  26.0 


Determination  of  Sulphur.^  The  deleterious  effect  of  the  oxides  of  sulphur 
upon  hangings  and  bindings — as  well  as  upon  the  human  8>'stem — is  irefl 
known,  sulpliuric  acid  bcung  their  ultimate  pnxluct.  The  sulphur  exists  in  com- 
bination, partly  as  com}X)unds  formed  from  the  sulphuric  acid  used  in  refinini 
and  partly  as  alkyl  sulphides.  Its  qualitative  detection  may  be  effected  by  heat* 
ing  the  oil  to  it«  boiling-point  with  a  bright  piece  of  sodium  or  potassium.  If 
sulphur  com{X)undH  l)e  present,  a  yellowish  layer  is  formed  upon  the  metal. 
After  cooling  add  distilled  water  drop  by  drop  imtil  the  metal  is  dissolved,  and 
test  for  sulphides  with  sodium  nitroprusside. 

For  the  quantitative  detcrminati(m  of  sulphur  1  to  1}  grams  of  the  oO  are 
burned  in  a  caloriinetric  bomb  containing  10  cc.  of  water  and  ox^^gen  under  a 
pressure  of  30  atmospheres.    A  lower  pressure  sometimes  gives  inaccurate  results. 
If  the  sample  contains  more  than  3%  sulphur,  the  bomb  is  allowed  to  stand 
in  its  water  bath  for  fiftetm  minutes  after  ignition  of  the  charge.    The  bomb 
is  allowed  to  cool  fifteen  minutes,  opened,  and  its  contents    washed    into  a 
beaker.     If  the  bomb  has  a  lead  washer,  5  cc.  of  a  saturated  solution  of  sodium 
carbonate  is  added,  the  contents  are  heated  to  the  boiling-point,  boiled  for  ten 
minutes  and  filtered.     This  is  necessary  to  decompose  any  lead  sulphate  from 
the  wasluT.     The  unit<»d  washings  are  filtered  and  neutralized  with  HCl,  using 
methyl  orange  as  an  indicator.     The  neutralized  solution  is  poured  into  the 
tube  of  the  Jackson    turbidimeter,'  diluted  to  near  the  100-cc.  mark,  shaken, 
then  acidified  with  1  cc.  of  1  :  1  hydrochloric  acid,  made  up  to  the  mark  and 
mixed  well  by  shaking.     One  of  the  barium  chloride  tablets  is  then  dropped  in* 
and  the  tube  closed  by  a  clean  rubber  stopix>r.    The  tube  is  then  tilted  up  and 
down,  causing  the  tablet  to    roll    back    and    forth   through    the   solution  tT 
gravity.     When   the  i)re('ipitati()n  apiK^ars  to  be  complete,  the  remainder  d 
the  tablet  may  be  dissolved  by  rapidly  rotating  the  tube;  violent  shaking  should 
be  avoided.    The  turbid  li(iuid  is  transferred  to  a  beaker,  the  candle  lighted,  a 
small  quantity  of  the  Hquid  iM)ured  into  the  glass  tube  to  prevent  oveirheating 
and  cracking,  and  the  tube  i)ut  in  ])lace.     More  of  the  liquid  is  then  poupfd 
in,  allowing  it  to  run  down  the  side  of  the  tul>e,  rapidly  at  first,  until  the  imaff 
of  the  flam(j  becomes  dim,  then  more  slowly,  waiting  a  minute  after  each  addi* 

I  Veith,  "  Das  Erd(xl,"  p.  214. 

*  Allen  and  Uol)crtsc>n,  Tt^chiiical  Pajjcr  26,  Bureau  of  Mines;  Chem.  Abstracts,  ^i 
2997   1912. 

»  Mucr,  J.  Ind.  and  Eng.  Chern..  3,  550,  1911. 

*  From  the  Frazer  Tablet  Co.,  Brooklyn,  N.  Y.;  or  1  gram  of  barium  chloride  io 
dilute  solution  can  be  slowly  added. 
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Hon  until  the  liquid  in  the  tube  is  quiet,  and  continuing  thus  until  the  image  of 
the  flame  just  disappears.  The  depth  of  the  liquid  in  centimeters  is  noted 
and  the  weight  of  sulphur  found  from  the  table  on  pages  676  and  677.  The 
mixture  is  returned  to  the  beaker,  poured  back  and  forth  from  beaker  to  tube 
two  or  three  times  and  read  again  as  before. 

Or  the  barium  sulphate  can  be  determined  in  the  usual  way  gravimetric- 
ally.  In  case  a  turbidity  too  low  to  be  read  with  the  apparatus  be  obtained, 
a  larger  quantity  of  oil  must  be  used.  Gasolines  and  light  oils  can  be  weighed 
out  in  a  gelatin  capsule. 

The  percentage  of  sulphur  in  a  kerosene  should  not  exceed  0.05;  the  Penn- 
sylvania oils  contain  usually  0.02  to  0.03,  the  Lima  0.04  to  0.05.^ 

Detection  of  Acidity.  Shake  equal  quantities  of  oil  and  warm  water  in  a 
test-tube,  pour  off  the  oil,  and  test  the  water  with  litmus  paper.  If  the  water  be 
strongly  acid,  the  quantity  may  be  determined  as  in  "  Free  Acid,"  page  596. 

The  acid  in  this  case  is  most  probably  sulphuric,  coming  from  the  refining 
process. 

Sulphuric  Acid  Test  The  object  of  this  test  is  to  judge  of  the  degree  of 
refinement  of  the  oil,  a  perfectly  refined  oil  giving  little  or  no  color  when  sub- 
mitted to  the  process.  One  hundred  grams  of  oil  and  40  grams  of  sulphuric  acid, 
1.73  specific  gravity,  are  shaken  together  for  two  minutes  in  a  glass-stoppered 
bottle  and  the  color  of  the  acid  noticed.  For  comparative  work  this  color  is 
matched  by  solutions  of  Bismarck  brown.* 

Mineral  Salts.  Salts  of  calcium  or  magnesium  when  dissolved  in  the  oil 
diminish  its  illuminating  power;  their  action  is  to  form  a  crust  on  the  wick 
and  prevent  access  of  air. 

Redwood  *  states  that  0.02  gram  of  either  of  these  salts  in  1000  grams  of  oil 
diminishes  the  illuminating  power  30  to  40%  in  eight  hours. 

They  are  determined  by  distilling  100  to  200  cc.  of  the  oil  down  to  about  20 
cc.,  evaporating  and  igniting  this  residue,  and  subsequently  treating  with  hydro- 
chloric acid.    The  calcium  and  magnesium  are  then  determined  in  the  usual  way. 

Determination  of  Water.  By  rubbing  the  oil  together  with  a  little  eosin  on 
a  glass  plate  the  oil  will  take  on  a  pink  color  if  water  be  present. 

The  evaporation  method  is  approximate  and  applicable  only  to  heavy  oils 
and  greases.    Its  accuracy  even  with  heavy  greases  is  questionable. 

Dilute  *  the  oil  with  an  equal  volume  of  benzol,  whirl  it  vigorously  in  a  cen- 
trifuge until  the  separated  layer  of  water  does  not  appear  to  increase  in  volume. 
However,  as  water  is  somewhat  soluble  in  any  diluent  used  and  also  in  oils, 
a  portion  of  the  water  content  will  fail  to  appear,  consequently  the  method 
in  which  a  diluent  is  used  cannot  be  considered  accurate.  It  is  advisable  first 
to  agitate  the  diluent  vigorously  with  water  and  then  to  separate  with  the 
eentrif uge  in  order  to  saturate  it  with  water  before  using. 

Groschuff  *  states  that  100  grams  of  benzene  will  dissolve  0.03  gram  of  water 
at  3**  C.  and  0.337  gram  of  water  at  77®  C,  whereas  petroleum  products  (dens- 
ity 0.792)  will  dissolve  from  0.0012  gram  at  2°  C.  to  0.097  gram  at  94**  C. 

» Kiasling,  Ch.,  Rev.  Fett  und  Harz.  Ind.,  14,  157,  1906. 
«  J.  Soc.  Chem.  Ind.,  16,  678,  1896. 
»  Dingier,  Pol.  J..  265,  427,  1887. 

*  Reported  by  Allen  and  Jacobs.     Bureau  of  Mines  Technical  Paper  No.  25,  1912. 

*  Groschuff,  E.,  "  The  Solubility  of  Water  in  Benzene,  Petroleum  and  Paraffin  in 
Oil,"  Chem.  Abe.,  6,  2550,  1911. 
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While  water  to  the  extent  even  of  3  or  4%  is  apparently  without  influence  oo 
the  viscosity,  1%  extinguishes  the  flame  when  making  the  flash  test. 

Color.  This  test  has  lost  its  importance  since  oils  are  sometimes  satis- 
factory despite  their  yellow  color.  The  determination  is  usually  made  with  the 
Stammer  colorimeter  in  which  the  depth  of  the  oil  is  changed  in  a  c>iinder  until 
it  matches  the  color  of  a  standard  plate  of  uranium  glass.  Standard  white 
oil  requires  a  depth  of  50  mm.  and  water  white  from  300-320  mm.  to  match  the 
color  of  the  plate. 

For  a  cut  of  the  instrument  and  meth(Kl  of  using,  reference  may  be  had  to 
Holde's  "  Examination  of  Hydrocarbon  Oils,"  translated  by  Mueller,  page  52. 

( b)   Lu  bricating  Oils 

The  tests  to  be  made  are,  in  the  order  of  their  importance,  viscosity,  spedfie 
gravity,  evaporation,  cold  t-est,  flash  test,  Are  test,  test  for  soap,  carbon  residue 
test,  friction  test.  Saponification  value,  tarry  matter  insoluble  in  88*^  naphtha, 
and  added  impurities  are  also  determined. 

The  office  of  a  lubricant  is  to  prevent  the  attrition  of  axle  and  journal  box  by 
interposing  itself  between  them  in  a  thin  la\'er,  upon  which  the  shaft  revolve. 
The  ideal  lubricant  is  that  which  has  the  greatest  adhesion  to  surfaces  and  the 
least  cohesion  among  its  own  particles,  or,  as  the  practical  man  expresses  it,  the 
most  fluid  oil  tliat  will  do  the  work  and  stay  in  place.  The  determination  of  its 
viscosity  or  **  body  "  is  then  of  the  first  importance. 

Viscosity  is  the  degree  of  fluidity  of  an  oil  or  its  internal  friction.  It  is  inde- 
pendent of  the  specific  gravity  of  the  oil,  although  this  in  the  pipette  instruments 
influences  the  time  of  efflux.  Within  certain  limits  it  may  be  taken  as  a  measure  of 
the  value  of  oil  as  a  lubricant,  by  corn  fearing  the  viscosity  of  the  oil  under  examina- 
tion with  that  of  other  oils  whicli  have  been  found  to  yield  good  results  in  practice. 

The  instruments  employed  for  its  determination  may  be  divided  into  two 
classes — pipette  viscosimeters,  giving  the  time  of  efflux,  as  those  of  Engl©", 
Saybolt,  and  otlicrs,  and  torsion  viscosimeters,  giving  the  retardation  due  to 
the  oil,  those  of  Macniichael  and  Doolittle. 

In  expressing  viscosity,  conseciuently,  it  is  necessary  to  give  the  name  of  the 
instrument  with  which  it  is  determined.  It  is  sometimes  expressed  as  specific 
viscosity,  that  is,  the  time  of  the  oil  divided  by  the  time  of  water;  this  is  only 
comparative  when  done  with  instruments  of  the  same  name,  that  is,  specific  yis- 
cosity  Engler  is  not  the  same  figure  as  specific  viscosity  Saybolt.  Besides  this 
manner  of  expressing  viscosity,  it  is  occjisionally  measured  in  absolute  (C.G.S.) 
units  or  dyne^.  This  is  i)<)ssible  when  the  diameter  of  the  orifice,  its  length,  the 
quantity  and  si)ecific  gravity  of  the  oil,  its  time  of  efflux  and  change  of  head  are 
known.  Where  it  is  impracticable  to  determine  all  these  data,  by  direct  mea^ire- 
ments,  the  readings  of  a  viscosimeter  may  l)e  changed  into  dynes  by  determin- 
ing the  viscosity  in  seconds  of  standard  solutions  of  glycerine,  the  viscosity  of  these 
being  determined  in  dynes  from  tables  of  physical  constants.  Or  it  may  be  done 
by  use  of  the  the  tables  on  pages  575  and  608. 

Engler  Apparatus.  Description,  The  apparatus  (Fig.  88)  consists  of  a  flat» 
brass  cylindrical  vessel,  A,  106  mm.  in  diameter  and  about  62  mm.  deep,  holding 
240  cc,  provided  with  a  jet  2.9  mm.  in  diameter  and  20  mm.  long.  This  vessel 
is  gilt  inside  and  the  jet,  in  the  standard  instruments,  is  of  platinum — ordinarily 
it  is  made  of  brass;  the  vessel  is  surrounded  with  a  bath,  B,  either  of  water  or 
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oil,  provided  with  a  stirrer  and  heated  by  a  ring  burner.    The  jet  is  closed  by  the 

wooden  valve,  F,  passing  through  the  cover,  and  a  thermometer,  c,  shows  the 

temperature  of  the  oil;    three  studs  show  the  height  to  which  A  la  filled  and 

at    the    same    time  when  it  is  level.      The  oil 

ordinarily  is  discharged  into  the  200-cc.  fla^, 

although  in  case  the  oil  or  time  he  limited,  100 

or  50  cc.  may  be  uxed  and  the  time  of  efflux 

multiplied  by  a  suitable  factor.   The  inBtrument 

is  standardized  with  water,  200  cc.  of  which  at 

20**  C.  should  run  out  in  from  60  to  52  seconds. 
Mnnipvlntion.      The    instrument     is    thor- 
oughly cleaned  with  alcohol  and  ether  if  neces- 
sary and  dried;  any  Husiiended  matter  is  removed 

from  the  oil,  which  is  poured  into  it  up  to  the 

level  of  the  studs,  stirred  until  20°  C.  is  reached 

and  the  bath  adjusted  to  the  same  temperature. 

The  flask  is  placed  beneath  the  orifice,  the  plug 

raised  and  the  time  required  for  200  cc.  of  oil 

to]  flow  out  is  noted;    this  is  divided    by  the 

water  value  of  the  instrument  and  gives  then 

relative  or  specific  viscosity.     If  only  50  cc,  are 

allowed  to  run  out  the  time  must  be  multiplied  by  5,  and  if  100  cc,  by  2.35.     If 

only  50  cc.  were  put  in  and  40  cc.  allowed  to  run  out,  multiply  this  time  by  3.62 
to  obtain  the  time  for  200  cc.;  if  66  cc. 
and  50  cc.  mn  out,  multiply  by  2.79.»  If 
it  be  desired  to  express  the  viscosity  in 
absolute  measure  (C.G,S.  units)  it  can  be 
done  by  reference  to  the  table  on  page 
608.  It  should  be  noted  that  specific 
viscosity  obtained  with  a  different  type 
of  Instnmient,  e.g.,  the  Saybolt,  is  not 
the  same  as  with  the  Engler. 

The  Saybolt  VUcotimeter* — The 
Standard  Universal  Viscosimeter  is  the 
one  now  used  for  testing  cylinder,  valve, 
and  similar  oils  at  210°  F.;  leduced  black 
oils  at  130°  F.;  spindle,  paraffin,  red, 
and  other  distilled  oils  at  100°  F. 

The   Vnivertal    Vttcoalmeter.     De- 
scription.    This  consists  of  a  brass  tube, 
Fig.  89.— Saybolt  Viscosimeter.  ^i  forming  the  body  of  the  pipette  pro- 

vided with  a  jet,  K.    The  upper  part  of 

the  pipette  is  surrounded  with  a  gallery,  B,  which  enables  a  workman  to  fUl  it  to 

'Gane,  Chem.  Revue  der  Pett  und  Harz.  Ind.,  «,  221,  1899. 

•Redwood,  J.  Soc.  Chem.  Ind.,  6,  124,  1886.  This  was  formerly  made  in  three 
forms.  A,  B,  C.  Apjwrarus  "  A  "  was  the  standard  for  testing  at  70°  F.  Atlantic  Red, 
Paraffin  and  other  distilled  oils;  "  B  "  tor  testing  at  70°  F.  Black  Oils  of  0°,  15°, 
25",  and  30°,  Cold  Test,  and  other  reduced  oils  up  to,  but  not  iacludiog,  Summer  Cold 
Test  Oil.  Apparatus  "  C  "  was  used  for  testing  at  212°  F.  Reduced,  Summer,  Cylinder, 
Filtered  Cylinder,  XXX  Valve,  26.5°  Bf ..  and  other  heavy  oils. 
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the  same  point  every  time.    The  pipette  is  contained  in  a  water  bath,  C,  irtiich 
can  either  be  heated  by  steam  or  a  ring  burner,  D;  a  tin  cup  with  Bpout,  a  strains, 
thermometer,  pipette  with  rubber  bulb,  stop  watch,  and  beaker  for  waste  c«l 
complete  the  outfit.    It  may  be  used  for  testing  cylinder,  valve,  and  similar 
oils  with  bath  at  212'^  and  oil  at  210^;  for  testing  reduced,  black  oils,  bath  and 
oil  at  130^;  for  testing  spindle,  pariffin,  red  and  other  distilled  oil  bath  and  oil 
at  100°.    When  used  for  testing  at  212°  F.,  it  may  be  used  with  either  gas  or  steam 
alone  or  both  in  combination.     If  with  both,  the  steam  may  be  introduced 
slowly,  more  for  its  condensation  to  replace  evaporation  than  for  real  heating  par- 
poses,  depending  upon  the  gas  fiame  to  reach  the  boiling-point,  and   keepiog 
it  there  during  the  operation  of  test.    The  bath  vessel  should  alwa3rs  be  kept 
full  during  a  test,  whether  at  212^  130°,  or  100°.     When  used  at  130°  or  lOtf*. 
gas  alone  is  used  to  bring  the  bath  to  the  prescribed  temperature,  and  turned  off 
during  the  operation  of  test,  the  large  size  of  the  bath  usually  permitting  making 
one  test  without  reheating. 

Its  dimensions  are  as  follows:^ 

Diameter  of  overflow  cup 51.0  mm. 

Depth  of  overflow  cup 13 . 0  mm. 

Diameter  of  pipette  -4 30 . 0  mm. 

Depth  from  starting  head  to  outlet  jet 113.0  mm. 

Length  of  outlet  jet 13 .0  mm. 

Diameter  of  outlet  jet 1.8  mm. 

Capacity  of  pijMjtte  A 70  cc. 

Manipulation.  1.  Have  the  bath  of  water  preimred  at  the  prescribed  tem- 
perature. 

2.  Have  the  oil  strained  into-  one  of  the  tin  cups,  in  which  cup  it  may  be 
heated  up  to  about  the  standard  temperature. 

3.  Clean  out  the  tube  ^vith  some  of  the  oil  to  be  tested  by  using  the  plunger 
sent  with  the  instrument. 

4.  Place  the  cork  (as  little  distance  as  ]X)ssible)  into  the  lower  outlet  coupling 
tube  just  enough  to  make  air-tight,  but  not  far  enough  to  nearly  touch  the  small 
outlet  jet  of  the  tube  projier  (one-eighth  to  one-quarter  of  an  inch  may  be  enough). 

5.  Pour  the  oil  from  the  tin  cup  (again  through  the  strainer)  into  the  tube 
proper  until  it  overflows  into  the  overflow  cup  up  to  and  above  the  upper  edge  of 
tube  proper. 

6.  Now  again  see  that  the  bath  is  at  the  prescril)ed  temperature. 

7.  Use  the  thormonietor  sent  with  the  instrument  by  stirring  to  bring  the 
oil  just  to  the  standard  temixirature. 

8.  Remove  the  tiiermometer. 

9.  Draw  from  the  overflow  cup,  with  a  pipettx?,  all  the  surplus  oil  down  to  and 
below  the  uppcT  edge  of  tul)e  proper.     This  insures  a  positive  starting  head. 

10.  Place  the  6()-cc.  flask  under  and  directly  in  line  \iv4th  the  outlet  jet,  and  a? 
close  to  the  coupling  tube  as  is  practicable  to  permit  of  n)om  for  drawing  the  wrk. 

11.  With  the  watch  in  left  hand  draw  the  cork  with  the  right,  and  simultane- 
ously start  the  watch. 

12.  The  time  reciuired  in  the  delivery  of  60  cc.  is  the  viscosity. 

13.  Clean  out  the  tube  pro])er  before  each  test  with  some  of  the  oil  to  be  tested. 

14.  No  drill  or  other  instrument  should  ever  be  used  in  the  small  outlet  jet  of 
^ube  projx»r. 

*  Private  communication. 
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The  tube  should  be  cleaned  out  before  each  test  with  some  of  the  oil  to  be 
tested.  Black  oils  or  any  oil  containing  sediment  should  be  carefully  strained 
before  testing  or  "  running,"  as  it  is  technically  termed.  The  instruments  should 
be  carefully  guarded  from  dust  when  not  in  use. 

The  results  obtained  with  this  instrument  are  not  the  same  in  many  cases 
8^3  those  furnished  by  the  A,  B,  and  C  instruments,  but  they  seem  to  have  been 
adopted  by  the  trade  generally. 

It  is  worth  noting  that  3  or  4%  of  water  are  apparently  without  influence  on 
the  viscosity. 

Absolute  Viscosity.  This  expresses  viscosity  in  dynes,  that  is,  the  force  neces- 
sary to  produce  the  acceleration  of  1  cc.  per  second  on  the  mass  of  a  gram. 
It  is  independent  of  the  instrument  used;  Engler  numbers  can  be  converted  to 
absolute  viscosity  by  the  following  factors: 

Engler  No.  Absolute  Viscosity  Dynos  per  Sq.Cm.i 

1 0. 01006 X specific  gravity 

2 0.1 146  Xspecific  gravity 

5  0 .  353  Xspecific  gravity 

10 0.726  Xspecific  gravity 

20 1.46  Xspecific  gravity 

30 2.19  Xspecific  gravity 

60 4 .  38  Xspecific  gravity 


The  Engler  numbers  of  5  or  over  are  quite  nearly  proportional  to  the  absolute 
viscosities. 

Specific  Gravity.    See  under  Burning  Oils,  page  569. 

Evaporation  Test.^  The  object  of  this  test  is  to  determine  what  percentage 
of  an  oil — more  especially  a  spindle  oil — ^is  volatile  when  exposed  to  nearly  the 
same  conditions  as  it  is  on  a  bearing. 

The  oil  is  exposed  upon  annular  disks  of  filter-paper  If  in.  outside  diameter, 
with  hole  |  in.  in  diameter,  which  have  been  standing  in  a  sulphuric  acid 
desiccator  for  several  days,  contained  in  a  flat  watch-glass. 

Manipulation,  The  watch-glass  and  paper  are  weighed — to  tenths  of  a  milli- 
f^m — and  about  0.2  gram  of  oil  brought  upon  it  by  dropping  from  a  rod, 
and  accurately  weighed.  The  watch-glass  is  now  placed  in  an  air  bath,  the 
temperature  of  which  remains  nearly  constant  at  60°  to  65**  C.  (140**  to  150** 
P.),  and  heated  for  eight  hours.  It  is  then  cooled  and  reweighed,  the  loss  being. 
:figured  in  per  cent.  No  oil  should  be  passed  which  gives  an  evaporation  of  more 
than  4%. 

The  following  table  of  results  upon  some  spindle  oils  shows  the  relation  of 
tvity,  flash  point,  and  evaporation : 


Gravity. 

Flash.  «F. 

Evaporation. 

Gravity. 

Flash.  «F. 

Evaporation. 

"!846   " 

'  ';852"* 
.856 

298 
318 
348 
348 
336 

7.0% 
4.4% 
2.0% 
1.0% 
1.4% 

.862 
.866 
.870 

.882 

352 
366 
384 
364 

0.9% 
1.7% 
0.8%, 
1.7% 

»Waidner,  Proc.  Am.  See.  Test.  Mat.,  Pt.  I,  293,  1915. 
*  Archbutt,  J.  See.  Chem.  Ind.,  15,  326,  1896. 
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Notes.  The  temperature  employed,  65 "^  C,  is  approximately  that  attained  by 
a  bearing  (in  a  spinning  frame)  after  running  two  hours,  thus  leaving  the  oil  exposed 
to  it  for  eight  hours,  assuming  a  ten-hour  day. 

The  test  is  important  to  the  insurance  underwriter,  because  it  measures  the  amount 
of  inflammable  material  sent  into  the  air,  and  hence  the  liabihtv  to  cause  or  aid 
conflagrations;  it  is  important  to  the  mill-owner,  as  it  indicates  the  quantity  of  oil 
left  upon  the  l)earing,  hence  servinfj  its  purpose. 

The  test  is  made  upon  other  oils  by  heating  them  six  hours  in  a  shallow  dish  w 
100**,  150**,  220,  or  300**,  sometimes  in  a  draft  of  air. 

Cold  Test  This  may  he  defined  as  the  temperature  at  which  the  oil  will  just 
flow. 

Manipulation.  A  4-oz.  vial  is  one-fourth  filled  with  the  oil  to  be  examined, 
a  short,  rather  heavy,  thermometer  inserted  in  it,  and  the  whole  placed  in  a 
freezing  mixture.  When  the  oil  has  become  solid  throughout,  let  it  stand 
one  hour;  the  vial  is  removed,  the  oil  allowed  to  soften,  and  thoroughly  stirred 
until  it  will  run  from  one  end  of  the  bottle  to  the  other.  The  reading  of  the 
thermometer  is  now  taken  by  withdrawing  it  and  wiping  off  the  oil  with  waste 
to  render  the  mercury  visible.^ 

The  chilling-ix)int  is  the  temperature  at  which  flakes  or  scales  begin  to  form 
in  the  li(iuid,  and  is  determined  similarly,  by  cooling  the  liquid  5°  at  a  time. 

Freezing  Mioctures.  For  temperatures  above  35°  F.  use  cracked  ice  and  water: 
between  35  and  0°  F.  use  two  parts  of  ice  and  one  part  of  salt;  and  from  0  to  -30"  F. 
use  three  parts  of  crystallized  calcium  chloride  and  two  parts  of  fine  ice  or  snow. 
A  still  more  convenient  means  is  by  the  use  of  solid  carbonic  acid  dissolved 
in  ether,  giving  -  50°  F.  readily. 

The  preceding  method  is  open  to  quite  an  error  from  the  personal  equa- 
tion of  each  observer.     To  obviate  this  Marteiis  *  proceeds  as  follows: 

The  oil  is  poured  into  a  U-tul)e  1  cm.  in  diameter,  16  em.  high,  with  3  cm. 
between  the  bends,  to  a  depth  of  3  cm.;  it  is  then  placed  in  a  freezing  mixture^ 
cooled,  and  connected  with  a  blast  at  a  constant  pressure  of  3  cm.  The  temper- 
ature at  which  the  oil  begins  to  flow  under  these  conditions  is  considered  as  the 
cold  test. 

Flash  Point.  Several  forms  of  apparatus  for  testing  the  flash  point  of  lubri- 
cating oils  have  been  devised:  IVnsky-Martens's  closed  tester  emploving  a  stirrer 
is  used  in  (iennnny.  Martens  states  in  a  later  article  that  stirring  is  unnecer 
sary.  In  this  country  an  oikmi  cast-iron  or  spun  brass  cup — the  Cleveland  open 
cup — Ig  in.  high  by  2^  in.  in  diameter,  heated  by  a  Tirrill  burner  in  an  air  bath  is  ? 
quite  extensively  used.  Dudley  and  Pease  use  an  open  porcelain  dish  heated 
with  a  Bunsen  burner. 

The  cup,  Fig.  90,  is  filled  wuth  oil  to  about  i  in.  from  the  top  and  the 
thermometer  is  susixMided  so  that  the  bulb  is  just  immersed  in  the  oil.  The 
oil  is  heated  at  the  rate  of  10°  F.  a  minute  by  a  Bunsen  burner  with  a  pro- 
tecting chimney;  as  the  flash  point  is  approached,  a  t^st  is  made  for  evcr>'  rise 
of  3°  by  slowly  passing  the  small  bead-like  test  flame  across  the  cup  nctf 
the  thermometer.  The  oil  should  flash  near  the  thermometer  when  the 
proper  jx)int  is  reached.  The  lire  test  is,  as  a  rule,  50**  to  80®  F.  higher  than  the 
flasli  point.  As  the  o}K?n-oup  tests  are  easily  affected  by  drafts,  they  are  subject 
to  errors  of  5°  F.    The  thermometers  used  should  be  compared  with  a  standard 

»  Dudley  and  Pease,  An.  Eng.  and  R.  R.  J.,  69,  332,  1895. 

*  Mitt.lvgl.  teoh.  Vorsuchstation;  abstr.  J.  Soc.  Chem.  Ind.,  9,  772,  1890. 
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id  corrected  for  stem  exposure.  When  this  is  done  it  ia  euggested  that  "  corr.  " 
J  added  to  the  reading:   thus,  "  flash  379°  F.  corr." 

Fire  Test,  The  cover  is  supported  above  the  cup,  and  the  heating  and 
iplication  of  the  testing  flame  continued  aa  in  making  the  flash  test. 

The  method  of  recording  is  the  same  as  in  the  case  of  the  illuminating  oils, 
le  column  for  times  and  another  for  temperatures.    Holde  '  finds  that  with  oils 


Fig.  90.— Cleveland  Cup. 


shing  between  172°  C.  and  241°  C.  the  exact  quantity  of  oil  used  is  of  little 
portance.     In  these  particular  cases  a  difference  of  filling  of  13  cc.  altered  the 
sh  point  only  1-1.5°  C.     For  the  effect  of  water  see  page  572. 
It  is  worthy  of  notice  that  the  free  fatty  (oleic)  acid  contained  in  an  oil  lowers 
flash  point  apparently  in  proportion  to  the  quantity  present. 

'  J.  Soc.  Chem.  Ind.,  16,  322,  1897. 
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Detection  of  Soap.  To  increase  the  viscosity  of  an  oil,^  resort  is  had  to  the 
use  of  "  oil  pulp,"  "  oil-thickener,"  or  "  white  gelatin,"  usually  an  oleate  of 
aluminum,  though  other  bases  may  be  present.  Its  disadvantages  are  that  it 
causes  the  oil  to  chill  more  easily  and  to  emulsify,  thus  increasing  the  friction. 
Furthermore,  it  is  precipitated  by  contact  with  water  or  steam,  causing  cloggiiig 
of  the  machinery. 

The  test  depends  upon  the  fact  that  the  metaphosphates  of  the  earthy  and 
alkali  metals  and  aluminum  are  insoluble  in  absolute  alcohol.' 

The  test  is  applied  as  follows:  five  to  10  cc.  of  the  oil  to  be  tested  are  dissolved 
in  about  5  cc.  of  86®  gasoline  or  ether,  and  about  15  drops  of  the  phosphoric  acid 
solution  (Appendix,  Reagents)  added,  shaken  and  allowed  to  stand;  the 
formation  of  a  flocculent  precipitate  indicates  the  presence  of  soap.  An  idea 
of  the  kind  of  soap  can  be  often  gained  by  adding  an  al(;oholic  solution  of  PtCX 
If  the  precii)itate  becomes  crystalline  it  is  a  potash  soap;  if  it  dissolves,  soda, 
lime,  or  magnesia;  if  unchanged,  alumina  or  iron. 

For  the  accurate  determination  of  these  compounds  a  known  weight  of  the 
oil  must  be  ignited,  the  residue  determined  and  quantitatively  examined. 

Caoutchouc.  Holde '  states  that  1  to  2%  of  un  vulcanized  caoutchouc  is  some- 
times added  to  oils  to  increase  their  viscosity.  This  may  be  detected  by  adding 
three  parts  of  alcohol  to  four  parts  of  the  ethereal  solution,  whereby  the  rubber 
material  is  precipitated  and  may  be  dried  and  weighed. 

Test  for  Fat^  Oils.  To  detect  small  quantities  of  fatty  oil  (}  to  2%)  Lux* 
recommends  heating  a  few  cubic  centimeters  of  the  oil  for  fifteen  minutes  with 
some  bits  of  sodium  in  a  test-tube  in  an  oil  bath;  a  similar  test  is  made  with 
sodium  hydrate.  The  temperature  employed  should  ]ye  for  light  oils  about  230', 
for  dark  oils  250°.*  In  case  fatty  oil  be  present,  the  contents  of  one  or  both 
of  the  tubes  solidify  to  a  jelly  of  greater  or  less  consistence  according  to  tiie 
amount  of  fatty  oil  present. 

The  quantitative  determination  of  these  oils,  as  for  example  in  cylinder  oib, 
is  efifcct^d  oiter  the  manner  of  determining  the  saponification  value  (page  587) 
or  the  detection  of  unsaponifial)le  oils  in  fatty  oils  (page  588). 

Schreiber®  adopts  a  method  similar  to  Sweetham  and  Heiuiques,  in  that  he 
diss()lv(*s  5  grams  of  the  oil  in  25  cc.  of  benzole,  adds  25-50  cc.  N  2  alcoholk 
potash,  and  boils  for  half  an  hour  on  the  water  bath,  usinga3-ft.  glass  tube  as« 
condenser. 

Gumming  Test.^  This  is  designed  to  give  an  idea  of  the  amount  of  i 
change  that  may  be  expected  in  a  mineral  oil  when  in  use.  These  resinified 
products  increase  the  friction  of  the  revolving  or  rubbing  surfaces.*  It  is  also  a 
measure  of  the  amount  that  an  oil  will  "  carbonize  "  in  a  gas  or  gasoline  engine 
cylinder.  It  is  applied  after  the  manner  of  the  elaidin  test,  by  thoroughly 
mixing  together  5  grams  of  the  oil  in  a  cordial  glass  with  11  grams  of  nitrosol- 

^  In  a  case  which  came  to  the  writer's  notice  the  oil  would  not  flow  out  of  theSiJ* 
bolt  "  A  "  apparatus  at  70°,  at  85°  required  1167",  and  at  110°,  181." 

*  Schweitzer  and  Lung^^itz,  J.  Soc.  Chem.  Ind.,  IS,  1178,  18d4. 

*  "  Examination  of  Hydrocarbon  Oils,"  p.  166. 

*  Z.  anal.  Chcni.,  24,  357,  1885. 

*  Holde,  I'ntcrsuchung  d.  Sohmierole  u.  Fette,  p.  175. 
« J.  Am.  Chem.  Soc,  29,  74,  1907. 

'  (Jill,  J.  Am.  Chom.  Soc,  24,  467,  1902. 

*  Aisinman,  J.  Soc.  Chem.  Ind.,  14,  282,  1895. 
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phuric  acid  and  cooling  by  immersion  in  a  pan  of  water  at  10-15°.  Brownish 
spots  or,  in  case  of  a  bad  oil,. masses,  form  around  the  edges  and  become  red  in 
the  course  of  two  hours.  The  cordial  glass  is  filled  successively  three  times 
with  70-86**  naphtha  and  the  oil  dissolved  off  the  surface  of  the  acid,  the  gaso- 
line solution  being  sucked  off  into  a  bottle  with  an  air  pump.  Care  is  taken  not 
to  suck  off  any  of  the  tarry  matter  formed.  The  acid  can  be  neutralized  with 
ammonia  and  the  tar  can  be  collected  on  a  tared  filter,  washed  with  gasoline 
that  leaves  no  residue  on  evaporation,  dried  at  a  low  temperature,  and  weighed 
as  gunmiy  matter.  As  shown  by  long  practical  experience,  the  oil  showing 
the  least  tar  or  gum  is  the  best  oil;  it  also  absorbs  the  least  oxygen. 

Carbon  Residue  Test.  Gray's  Method.  To  a  tared  1-oz.  quartz  flask  of  the 
dimensions  shown  in  Fig.  91,  add  25  cc.  of  the  oil  to  be  tested  and  weigh.  Wrap  the 
neck  of  the  flask  with  asbestos  paper  as  far 
down  as  the  side  arm.  Stopper  tightly 
with  a  good  cork.  Connect  to  a  small 
aerial  condenser  by  plugging  the  space  with 
asbestos  or  glass  wool.  Provide  a  shield 
which  will  protect  the  flame  and  the  flask 
up  to  the  side  tube.  Using  the  flame  of  a 
good  Bunsen  or  Tirrell  burner,  heat  the 
flask  so  that  the  first  drop  of  distillate  will 
come  over  in  approximately  five  minutes. 
Continue  the  distillation  at  such  a  rate 
that  1  drop  per  second  will  fall  from  the 
end  of  the  condenser.  As  the  end  of  the 
distillation  approaches,  increase  the  heat 
just  enough  so  that  no  heavy  vapors  are 
allowed  to  condense  and  drop  back  into  the  flask;  continue  increasing  the  heat 
until  the  flask  is  enveloped  in  the  flame,  and  hold  the  temperature  five  minutes. 
Allow  the  flask  to  cool,  remove  the  asbestos  covering  and  cork,  and  bum  out 
completely  the  carbon  and  oil  in  the  neck  as  far  down  as  the  side  tube,  and  in 
the  side  tube.  Heat  the  bottom  of  the  flask  until  no  more  vapors  are  given  off. 
Cool  and  weigh. 

Motor  oils,  of  fight  and  medium  grade,  range  in  coke-like  residue  from 
0.06  to  0.5%,  the  percentage  of  fixed  carbon  being  roughly  proportional  to  the 
viscosity  of  the  oil.  That  is,  the  higher  the  viscosity,  the  higher  will  be 
the  percentage  of  fixed  carbon,  provided  the  oils  have  been  manufactured  from  the 
same  grade  of  crude  petroleum  by  the  same  general  methods.  The  heavy  and 
extra  heavy  motor  oils  range  from  0.5  to  1.25%.  As  the  percentage  of  fixed  car- 
bon varies  with  the  viscosities  of  the  oils,  the  viscosity  should  be  taken  into  con- 
sideration. For  illustration,  it  would  not  be  fair  to  compare  a  motor  oil  having  a 
viscosity  of  200  at  100**  F.,  Saybolt,  with  a  motor  oil  having  a  viscosity  of  400  at 
the  same  temperature.  The  carbon  residue  in  the  200  viscosity  oil  would  be  in 
the  neighborhood  of  0.2%,  where  as  the  fixed  carbon  of  the  higher  viscosity  oil 
would  be  in  the  neighborhood  of  0.75%. 

Gasoline  Test.  This  shows  the  presence  of  tar  (still  bottoms)  or  asphaltic 
matters. 

Mix  10  cc.  of  the  oil  with  90  cc.  86°-88**  gasoline  (from  Pennsylvania  crude) 
B.pt.  30°-50**  C,  allow  to  stand  one  hour  at  70°  to  80°  F.;  not  more  than  10% 
of  flocculent  or  tarry  matter  should  have  settled  out.    This  settling  can  be 


Fig.  91.— Gray's  Distillation  Flask. 


580  FIXED  OILS,  FATS  AND  WAXES 

facilitated  by  whirling  in  a  centrifuge  in  a  graduated  tul)e  in  which  the  volume  of 
the  precipitate  can  he  read  off.  If  the  test  be  applied  to  the  oH  before  makinf 
the  flash  test  and  then  again  after  this  test  it  shows  the  extent  to  which  the 
oil  is  changed  upon  heating.  Other  things  being  equal  the  oil  which  is  chsnffi 
the  least  is  the  best  oil.^ 

Microscopical  Test  Put  a  few  drops  of  the  well-mixed  oil  on  a  slide  and 
note  the  nature  of  the  suspended  matter — whether  carlwnaceous  specks,  flakes 
of  paraffin  wliich  disappear  on  warming,  or  foreign  matter.  A  good  oil  shooU 
be  practically  free  from  all  these  bodies. 

Friction  Tests.  The  writer  is  inclined  to  doubt  if  friction  tests  are  wortfc 
the  outlay  for  a  machine  and  the  time  expended  in  their  execution.  With- 
out question  they  do  determine  the  relative  efficiency  as  regards  lubrieatini 
power  of  different  oils,  but  the  conditions  under  which  the  test  is  made  sddoo 
occur  in  practice;  the  bearings  upon  which  the  oil  is  tested  are  as  nearly  perfert 
as  can  be  made,  and  the  fe(»d  and  load  are  as  regular  as  is  possible;  in  other 
words,  the  conditions  arc  ideal. 

The  lubricating  }^)wcr  of  an  oil  is  so  closely  related  to  its  \dsco6ity  >  that  the 
author  believes  that  results  of  more  practical  value  can  be  obtained  by  the 
determination  of  the  viscosity  of  the  oils,  and  subsequent  observation  of  their 
behavior  in  actual  use  than  by  the  longer  and  more  troublesome  friction  test. 
Recent  experimentSj^*  however,  have  shown  that  of  two  oils  of  the  same  \'isc(iflty 
and  other  constants  the  coefficient  of  friction  of  one  was  14%  less  than  the  other. 

In  case,  however,  it  be  desired  to  make  the  friction  test,  the  following  machines, 
it  is  believed,  will  be  found  to  be  most  satisfactory  for  the  purpose: 

For  spindle  oils  and  light  lubricating  oils,  the  machine  *  of  the  Thurston 
ty|K'  which  can  be  run  at  the  highest  sj^eed  and  lowest  pressure. 

For  hea\y  oils  and  railroad  work,  the  large  machine  of  the  Thurston  *  type, 
described  in  his  *'  Friction  and  Lost  Work  in  Machinery  and  Millwork,"  page  254; 
also  in  Brannt,  i)ag(^  4X6;   also  in  Archbutt  and  Deeley.* 

For  machines  using  a  flooded  bearing  the  Beauchami)-Tower  machine,  df* 
scril)(>d  in  the  *'  Proceedings  of  the  Institution  of  Mechanical  Engineers  of  Great 
liritain,"  1SS.3,  (i.Ti;  1884,  29;  1885,  58;  1888,  173;  1891,  131;  also  ia 
Archbutt  and  Doelev.' 

ANIMAL  AND  VEGETABLE  OILS 

The  tests  most  commonly  emphn'cd  for  the  identification  of  these  oils  are  tf 
follows:  specific  gnivity,  n^fractive  index,  Valenta  test,  elaidin  test,  Maumeue 
test,  iodine  number,  and  saponification  value. 

In  addition,  certain  s|XM*ial  and  commercial  tests  are  applieil,  as  Bechi 
test,  Baudouin  test,  free  acid,  spontan(M)US  combustion,  and  drying  test. 

Specific  Gravity.  This  is  usually  determined  either  by  the  Westphal  balance 
(page  569)  or  by  the  picnomcter. 

1  Conradson,  J.  Ind.  and  Eng.  Ch.,  2,  171,  1910. 

2  Hninnt,  "  Petroleum  and  its  Products,"  p.  510;  Woodbury,  vide  infrou 
'Trans.  Am.  Soc.  Mech.  Kng.,  32,  834,  1910. 

*  Made  bv  Olsen  or  Kiehlo  Hros.,  Philadel))hia,  Pa. 
»  "  Lubriration  and  Lubricants,"  1907,  pp.  332-348. 
6  Ibid.,  p.  359. 
'  Ibid.,  p.  355. 
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A  two-necked  flask  of  50  cc.  capacity,  having  a  thermometer  carefully  ground 
into  one  neck,  the  second  one  being  a  narrow  tube  bearing  the  mark,  is  most 
auitable.  Thw  is  filled  with  the  oil  to  be  examined,  cooled  to  15.5°  C.,' 
the  excess  of  oil  removed  and  weighed.  If  the  weighings  be  made  to  0.5  milli- 
gram and  a  correction  applied  for  the  expansion  of  the  glass  by  the  differ- 
ence in  temperature  =  15.5— 4  =  11.5°  = —0.025%  of  the  value  obtained,  the 
determination  is  accurate  to  0.00002." 

For  the  determination  of  the  specific  gravity  of  small  quantities  of  oil, 
satisfactory  results  can  be  obtained  by  weighing  1  or  5  cc.  of  the  oil  carefully 
measured  from  an  accurately  calibrated  pipette.  Or  a  mixture  of  alcohol  and 
water  can  be  made  until  a  drop  of  oil  will  stay  in  any  position  in  it,  and  its  specific 
gravity  determined. 

Refractive  Index.  This  is  of  the  same  value  as  the  determination  of  specific 
gravity:  it  ha.s,  however,  the  advantage  that  it  is  more  rapid  and  uses  only  one 
or  two  drops  of  the  oil. 

The  apparatus  preferably  employed  is  the  AbW  refractometer.  Fig.  92,  the 
{visme   of   which  are   kept    at    constant 
temperature,  usually  25°  C,  by  circulat- 
ing wat«r. 

The  illuminating  mirror  should  light 
the  cn)RS  hairs  and  the  telescope  shoulil 
be  sharply  focused  on  them. 

The  double  prism  is  opened  by  means 
of  the  screw  heads,  and  after  carefully 
cleansing  the  prisms  with  cotton  and 
ether,  a  drop  or  two  of  the  oil  placed 
on  the  horizontal  surface  of  the  fixed 
prism.  The  prisms  are  then  tightly  closed. 
The  tclescotie  is  brought  into  the  position  ' 
shown  and  the  sector  is  firmly  held  and 
the  alidade  (the  moving  part)  moved  for- 
ward until  the  field  of  vision  shows  the 
boundary  between  light  and  shade  just 
intersecting  the  cross  hairs. 

By  means  of  the  ecrew  on  the  right 
of  the  instrument  this  boundary  line 
should  be  made  as  sharp  as  po.<<Kible. 
The  index  of  refraction  is  read  off  directly 
from  the  sector,  using  a  lens  if  necessary; 
the  reading  is  accurat«  to  .0002. 

After  using,  the  prisms  are  again  care- 
fully cleansed  and  a  piece  of  filter  paper  placed  between  them  to  prevent  them 
from  being  scratched.  The  instrument  is  in  correct  adjustment  when  water  at 
18°  gives  a  mean  reading  of  1.333.  The  temperature  correction  for  oils  and  fats 
IB  0.0004  for  every  degree  rise. 

Valenta  Test'    Although  considered  by  some  to  l>e  unreliable,  yet  as    the 

>  Allen  (Organic  Analysis,  33)  states  that  a  correction  of  0.00004  can  l>c  made  for 
esi^  variation  of  1°  C. 

■  Wright,  J.  Soe.  Chem.  Ind.,  11,  300,  1892. 

*  Valenta,  Dingier  polyt.  J.,  853,  418;  also  J.  Soc.  Chcm.,  Ind.,  3,  043,  18S4. 
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582  FIXED  OILS,   FATS  AND  WAXES 

indication  given  by  this  test  may  be  of  value,  it  is  barely  worth  the  trouble  of 
execution.    It  depends  upon  the  solubility  of  the  oil  in  glacial  acetic  acid. 

Enough  oil  is  poured  into  a  test-tube  to  fill  it  to  the  depth  of  about  1  in., 
the  exact  height  being  marked  by  the  thumb;  an  equal  quantity  of  glacial  acetic 
acid  is  poured  in,  that  is,  until  the  acid  reaches  the  point  indicated  by  the  thumb. 
A  light  thermometer  is  placed  in  the  tube,  and  it  is  heated  until  the  oil  dissolves 
— shown  by  the  liquid  becoming  homogeneous.  The  tube  is  now  allowed  to  cool, 
and  the  point  noted  at  which  it  begins  to  become  thoroughly  turbid. 

Castor  oil  is  soluble  at  ordinary  temperatures,  while  rape-seed  and  other 
cruciferous  oils  are  usually  insoluble  even  at  the  boiling-point  of  the  acid.  The 
temperatures  at  which  other  oils  become  turbid  are  given  on  pages  604  and  605. 

Elaidin  Test.  Although  this  is  not  a  quantitative  test,  yet  its  ease  of  applica- 
tion and  the  conclusions  which  may  be  drawn  from  it  render  it  valuable.  It 
depends  upon  the  change  of  the  liquid  olein  into  its  solid  isomer  elaidin,  and  is 
especially  applicable  to  olive  and  lard  oils. 

Manipulati  m.  Five  grams  of  the  oil  are  weighed  ^ — within  2  drops — into  a 
cordial  glass,  7  grams  of  nitric  acid,  specific  gravity  1.34,  are  then  weighed  into  it,* 
and  two  pieces  of  copper  wire  (0.6  to  1.0  gram)  added.  Place  the  glass  in  a  pan 
of  cold  water  at  about  12^  C,  and  stir  with  a  short  glass  rod  about  20  to  30  turns, 
not  only  with  a  rotary  movement,  but  also  with  an  up-and-down  motion,  so  as 
to  mix  the  oil  and  the  evolved  gas  thoroughly.  When  the  wire  has  dissolved, 
add  a  second  piece  and  stir  as  before.  This  second  addition  should  furnish  gas 
enough  if  the  liquid  has  been  kept  cool  and  the  stirring  has  been  thorou^. 

At  the  end  of  the  first  hour,  pure  lard  oil  will  usually  show  flakes  of  a  wax-like 
appearance,  and  upon  standing  without  disturbance  and  at  the  same  temperature 
for  another  hour,  the  oil  will  have  changed  to  a  solid  white  cake  hard  enou^  to 
bear  several  ounces'  weight,  or  admit  of  Ufting  the  glass  and  contents  by  the  glass 
rod. 

Most  of  the  fish  and  seed  oils  yield  a  pasty  or  buttery  mass  separating  from  * 
fluid  portion,  whereas  olive,  almond,  peanut,  lard,  sperm  and  sometimes  neatV 
foot  oil,  yield  a  solid  cake. 

Instead  of  using  nitric  acid  and  copper,  sulphuric  acid  of  46®  Baum6,  coB' 
taining  a  little  nitric  acid  and  saturated  at  0°  C.  with  nitric  oxide,  may  be  em- 
ployed. 

A  test  should  always  be  made  at  the  same  time  with  an  oil  of  undoubted  purity. 

Notes.  If  the  oil  be  stirred  too  much  or  too  frequently,  or  is  too  warm,  it  has  no 
opportunity  to  form  a  hard  cake. 

Hl'ibl  states  that  all  attempts  to  make  the  test  a  quantitative  one  have  resulU^ 
in  failure. 

Mercury  can  be  used  instead  of  copper. " 

Caillctet's  method,^  in  which  a  smaller  quantity  of  oil  is  used,  and  sulphuric  9bA 
nitric  acids  allowed  to  act  upon  it  in  a  boiling  water  bath,  cannot,  in  the  '    "* 

of  the  writer,  be  depended  upon  to  give  reliable  results. 

Maiunen§  Test.'  Wliile  this,  like  the  preceding,  is  not  a  quantitative  tefiti 
yet  the  indications  afforded  by  it  are  of  more  value  in  many  cases  than  the* 
obtained  by  quantitative  methods,  as,  for  example,  the  saponification  vahie. 
It  depends  uix)n  the  heat  developed  by  the  mixing  of  the  oil  with  strong  sol- 

^  Not  on  the  analytical  balance. 

2  Milliau,  J.  Am.  Chem.  Soc,  15,  156,  1893. 

'  SO2CI  gives  similar  results. 
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phuric  acid.    This  takes  place  in  a  small  beaker  7|  to  9  cm.  deep  and  of  150  cc. 
capacity,  packed  in  an  agate-ware  cup  with  dry  felt  or  cotton  waste  packing. 

Manipulation.  Fifty  grams  of  the  oil  are  weighed^  into  the  beaker  to  within 
2  drops,  and  its  temperature  noted  by  a  thermometer.  Ten  cc.  of  sulphuric 
acid  are  now  run  gradually  into  the  oil — allowing  the  graduate  to  drain  five  seconds 
— ^the  mixture  being  stiired  at  the  same  time,  and  the  stirring  continued  until 
no  further  increase  in  temperature  is  noted.  The  highest  point  at  which  the 
thermometer  remains  constant  for  any  appreciable  time  is  observed,  and  the 
difference  between  this  and  the  initial  temperature  is  the  "rise  of  tempera- 
ture." This  varies  with  the  strength  of  the  acid  employed,  and  to  secure  uni- 
formity '  the  results  should  be  expressed  by  dividing  the  rise  of  temperature  with 
the  oil  by  the  rise  of  temperature  with  water,  and  multiplying  by  one  hundred. 
This  is  called  the  "  specific  temperature  reaction."  The  rise  of  temperature 
with  water  is  determined  in  the  same  manner  as  with  oil,  using  the  same  vessel. 

Notes.  In  performing  this  test  it  is  important  that  the  oil  and  acid  be  of  the 
same  temperature,  attained  by  keeping  them  beside  each  other. 

The  strength  of  acid  should  be  as  far  as  possible  the  same;  it  should  be  deter- 
mined not  by  specific  gravity,  but  by  titration,  as  100%  and  94.3%  acid  have  the 
same  specific  gravity. 

For  concordant  results  the  conditions  should  be  the  same,  and  the  same  apparatus 
should  be  used.  In  case  the  test  is  to  be  applied  to  a  drying  oil,  it  should  be  diluted 
one-half  with  a  mineral  oil,  25°  paraffin,  for  example,  thoroughly  mixing  them.  The 
"rise  of  temperature '^  is  then,  the  rise  of  temjserature  of  mixture  minus  half  the  rise 
of  temperature  of  50  grams  of  mineral  oil,  multiplied  by  2. 

It  IS  advisable  to  make  a  test  at  the  same  time  with  an  oil  of  known  purity.  Re- 
sults should  agree  within  2%.  By  the  use  of  the  Hub!  formula,  page  586,  substituting 
thermal  values,  results  comparable  with  those  obtained  with  the  iodine  value  can 
be  obtained. 

Sherman,  Danziger,  and  Kohnstanmi '  have  studied  this  method  with  the  idea 
of  ehminating  the  errors.  Rather  than  dilute  the  oil  with  a  mineral  oil  they  dilute 
the  acid,  using  one  of  89%.  The  results  obtained  are  a  little  lower  for  vegetable 
oils  and  a  little  higher  for  animal  oils  than  those  usually  found  with  the  strong  acid 
as  employed  by  Thomson  and  Ballantyne.  Mitchell  *  uses  an  inert  diluent — car- 
bon tetrachloride — in  a  vacuum-jacketed  tube  and  one-fifth  the  quantities;  all  oils 
are  diluted.  He  finds  that  the  results  obtained  are  in  close  a^eement  with  the 
bromine  thermal  values;  further,  that  the  test  may  be  of  use  m  determining  the 
degree  of  oxidation  of  fats  and  oils,  the  figures  becoming  greater  with  the  age  of 
the  oil. 

Data  upon  various  oils  will  be  found  on  pages  603-605. 

References. 

Maumen^,  Compt.-Rend.,  35,  572,  1852. 

Ellis,  J.  Soc.  Chem.  Ind.,  6,  361,  1886. 

Thomson  and  Ballantyne,  J.  Soc.  Chem.  Ind.,  10,  234,  1891. 

Richmond,  Analyst,  20,  58,  1895. 

Munroe,  Am.  Pub.  Health  Ass'n,  10,  236,  1884. 

Iodine  Number  or  Value.  This  is  the  percentage  of  iodine  absorbed  by  an 
oil;  the  method  depends  upon  the  fact  that  different  oils  absorb  different  amounts 
of  the  halogens;  the  process  is  mainly  one  of  addition,  although  small  quantities 

^  Not  on  the  analytical  balance. 
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of  mibfftitution  products  are  formed.  For  example,  the  unsaturated  body  olein, 
(CnUti('()())iCtHif  when  brougfit  in  crmtact  wth  iodine  takes  up  6  atoms  and 
fomu)  the  addition  product,  di-iodo  stearin,  (Ci:H»IjCOO)?CaH».  Palmitin, 
(CitlIiiCfX>)»C»Ht,  when  similarly  treated,  forms  no  addition  product,  but  a  small 
quantity  of  the  MubMtitution  product,  iodo-palmitin,  (Ci  jIs^ICOOjsCHi,  and 
the  hydrogen  displaced  unites  with  the  iodine  to  form  hydriodic  acid.  The 
quantity  of  hydricxlic  acid  thus  formed  is  a  measure  of  the  amount  of  substitution.' 

1.  Hanwi'M  Method,     Manipulation.     From  0.12  to  0.15  gram  of  a  dning 
oil,  0.2  U)  0.3  gram  of  a  non-drjing  oil,  or  0.6  to  0.7  gram  of  a  solid  fat,  is  accu- 
ratifly  weighed  into  a  dry  2(X)-<!C.  FxHtle.    This  should  be  of  colorless  glass  and  be 
prrjvided  with  a  well-ground  stopper.    This  is  best  effected  by  pouring  out  about 
5  grams  of  the  oil  into  a  No.  1  Ix^aker  containing  a  short  stirring  rod,  and  setting 
it  info  a  watch-glass  upon  the  pan  of  the  anal>'tical  balance.     The  whole  system 
is  weighed,  the  Ixiaker  removed,  and  several  drops  of  oil  transferred  to  the  bottle 
by  dro|)ping  down  the  rf)d,  l)cing  careful  that  no  oil  touches  the  neck.    Eight 
drofw  are  aj)j)roximately  0.2  gram.     The  beaker  Ls  replaced  in  the  watch-glass 
and  the  system  again  weighed,  the  difference  in  weight  being  the  amount  of  oil 
in  tfifi  bottle. 

The  oil  is  dissolved  in  10  cc.  of  chloroform,  30  cc.  of  the  iodine  solution 
(lt<!agents)  add(Ml — best  from  a  burette — and  allowed  to  stand  with  occasional 
shaking  for  (»xuctly  fiftetm  minutes;  with  oils  of  an  iodine  number  of  less  than 
1(X),  Un\  niinut(»s  suffices;  15  cc.  of  potassium  iodide  solution  *  are  added  and  the 
solution  titrated,  with  or  without  the  addition  of  starch,  with  sodium  thioeul- 
phat^»  \mtil  the  halogen  disapjK^ars. 

At  the  same  tiincj  at  which  the  oil  is  prepared,  two  "  blanks  **  should  be  pre- 
parcul  similarly  in  <;very  way  to  the  actual  tests,  except  in  the  addition  of  the  oil, 
and  treated  in  every  respect  like  them;  the  strength  of  the  thiosulphate  solution 
shoulcl  also  hi)  (I(»t(»nnin(Hl  the  same  day  on  which  this  test  is  carried  out. 

SVn;dnrdiz(tiwn  of  Uic  Thiosulphate  Solution.  Ten  cc.  of  potassium  iodide 
and  KM)  cc.  of  water  are  poured  into  the  Firlenmeyer  flask;  20  cc.  of  the  bichromate 
solution,  (Mjuivalcnt  to  0.2  gram  of  iodine,  are  now  measured  in  with  a  pipette, 
and  U)  this  5  cc.  of  strong  hydrochloric  acid  added  and  the  mixture  shaken  for 
three  minutes.  It  is  now  titrated  with  the  thiosulphate  solution  until  the  yellow 
color  of  th(^  iodine  has  almost  disappeared;  starch  paste  is  now  added,  and  the 
titration  continued  until  the  deep-blue  color  of  the  solution  changes  to  a  sea- 
green  due  to  CrCla,—  which  is  usually  brought  about  by  the  addition  of  a  single 
drop. 

The  reactions  involved  are: 

KiC'r2()7  +  14Iia=2CrCl,+2KCl+7H,0+3Cla; 

3Cl2+()KI=()KCH-3l2; 

GNaaSiOa+3Ia=3X  AOe-fGNal. 

Notes.  Wijs  •  uses  iodine  chloride  instead  of  bromide;  it  is  more  troublesanie 
to  pn'pare  and  ^ivcs  n'sults  aUmt  1.2  points  higher.*  Either  of  these  methotis  bis 
the  advantaj^c  over  Miibrs  -first,  that  the  solutions  keep  better,  remaining  practicalhr 

»  Mcllhiucy.  J.  .\ni.  Chvm.  Soc,  IB.  275,  1S94. 

^  This  is  tlic  original  method.  Tolmuu  adds  here  100  cc.  water  as  in  the  Hubl 
metluul. 

*  HcriclUe,  81.  7.V2.  IS^S. 

•Tohnan  and  Munson,  J.  Am.  Chem.  Soc,  So,  244,  1903. 
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unchanged  for  several  months;   secondly,  that  the  action  is  about  sixteen  times  as 
rapid,  it  being  completed  in  fifteen  minutes:  thirdly,  that  the  solutions  are  cheaper. 

Acetic  acid  cannot  be  displaced  by  caroon  tetrachloride  as  a  solvent,  as  the  last 
traces  of  iodine  are  difficult  to  remove  from  it.  The  acetic  acid  used  should  be  at 
least  99.5%  and  show  no  reduction  with  potassium  bichromate  and  sulphuric  acid. 

2.  HuhVs  Method,  Manipulation.  The  oil  is  weighed  out  as  in  1,  into 
300-cc.  bottles,  except  that  about  25%  more  may  be  used. 

The  oil  is  now  dissolved  in  10  cc.  of  chloroform,  30  cc.  of  iodine  and  mercuric 
chloride  solution  added,  the  bottle  placed  in  a  dark  closet,  and  allowed  to  stand, 
with  occasional  gentle  shaking,  for  four  hours.  If  the  solution  becomes  nearly 
decolorized  after  two  hours,  an  additional  quantity  should  be  added.  One 
hundred  cc.  of  distilled  water  and  20  cc.  of  potassium  iodide  are  added  to  the 
contents,  and  the  excess  of  iodine  titrated  with  sodium  thiosulphate.  If  at  this 
point  a  red  precipitate  (Hglj)  is  formed,  more  potassium  iodide  should  be  added. 
As  the  chloroform  dissolves  some  of  the  iodine,  the  titration  can  proceed  until 
the  chloroform  layer  is  nearly  colorless,  then  the  starch  solution  is  added,  and 
the  operation  continued  to  the  disappearance  of  the  blue  color. 

"  Blanks  "  should  be  titrated  as  with  the  foregoing  process,  page  584. 

Notes.  The  method  was  proposed  by  Cailletet  in  1857,  made  use  of  by  Mills 
and  Snodgnuss  *  in  1883,  using,  however,  bromine  and  carbon  bisulphide,  and  de- 
scribed in  almost  its  present  form  by  Hiibl.*  The  chief  factors  in  its  execution  are 
(1)  strength  of  the  iodine  solution;  (2)  the  quantity  used;  and  (3)  the  length  of  its 
time  of  action. 

1.  The  Strength  of  Iodine  Solution.  According  to  Hiibl's  original  memoir,  the  solu- 
tions can  be  kept  indefinitely  when  mixed. 

Fahrion  '  states  that  the  solution  deteriorated  as  much  as  from  17  to  23%  in 
eight  days.  Ballantyne  *  confirms  the  deterioration,  but  finds  it  much  less,  5  to  8% 
in  thirty-eight  days.  This  weakening  of  the  solution  is  probably  due  to  the  hydriodic 
acid  formed  by  the  action  of  the  iodine  upon  the  alcohol.* 

The  mercuric  chloride  acts  apparently  as  a  carrier  of  iodine,  as  the  reaction  takes 
place  very  slowly  without  it.  (Uantter.)  ■  Waller '  finds  that  the  addition  of  50 
cc.  HCl,  specific  gravity,  1.19,  to  the  mixed  iodine  solution  preserves  it  for  months. 
Of  the  other  metallic  chlorides,  CoClj  gives  the  highest  true  iodine  value,  MnClt, 
MnBrj  and  NiClj  cause  practically  no  addition.     (Schweitzer  and  Lungwitz.)  • 

2.-  The  Quantity  of  Iodine  Solution  Used.  The  mixed  iodine  solution  as  made 
up  should  require  about  53  cc.  of  the  thiosulphate.  Before  using,  a  rough  titra- 
tion should  be  made,  and  if  it  Ix;  much  weaker  than  this,  a  proportionately  larger 
amount  added.  The  action  of  a  lar^e  excess  of  iodine  is  to  increase  the  substitu- 
tion rather  than  addition;  increase  m  temperature  or  in  time  produces  the  same 
eflfect.* 

The  excess  of  iodine  recommended  is  from  150  to  250%;  some  observers  recom- 
mend from  400  »«  to  600%.^' 

3.  Length  of  Time.  Two  hours  is  sufficient  for  olive  oil,  tallow,  and  lard,  while 
for  linseed  oil,  balsams,  and  resins  twenty-four  hours  should  be  allowed.** 

» J.  Soc.  Chem.  Ind.,  2,  435,  1883. 

»  Dingier  polyt.  J.,  253,  281;  also  J.  Soc.  Chem.  Ind.,  8,  641,  1884. 

»  J.  Chem.  Ind.,  11,  183,  abstr.,  1892. 

*Ibid.,  18,  1100.  abstr.,  1894. 

•J.  Soc.  Chem.  Ind.,  14,  130,  1895. 

•  Ibid.,  12,  717,  abstr.,  1893. 

'  Chem.  Ztg.,  19,  1786,  1831,  1895. 

•J.  Soc.  Chem.  Ind.,  14,  1031,  1895. 

»  J.  Soc.  Chem.  Ind.,  12,  717,  abstr.,  1893. 
»o  Ibid.,  14,  1031,  1895. 

"  Holde,  Mitt.  kgl.  Techn.  Versuchs.,  9,  81,  1891. 
"  Dieterich,  J.  Soc.  Chem.  Ind.,  12,  381,  1893. 
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Ingle  ^  has  shown  that  the  free  acid  formed  during  the  process  is  due  to  the 
action  of  water  upon  the  iodochlorides.  Some  of  these  are  reduced  by  potassium 
iodide  with  liberation  of  iodine  and  consequent  reduction  in  the  iodine  absorptioD. 
Iodine  chloride  is  the  active  agent,  and  not  hypoiodous  acid. 

For  the  calculation  of  the  percentage  of  adulteration  of  one  oil  by  anotto, 
Htibl  gives  the  following  formula:* 

"Let  x=  percentage  of  one  oil  and  ^=  percentage  of  the  other  oil,  further, 

m  » iodine  value  of  pure  oil  x,  n  of  pure  oil  y,  and  /  of  the  sample  under  ezamina- 

tion,  then 

100(7  ~n)" 

x  = . 

m — n 

He  further  states  that  the  age  of  the  oil,  provided  it  be  not  rancid  or  thid- 
ened,  is  without  influence  on  the  iodine  value.  Ballantyne'  finds  that  lif^t  and 
air  diminish  the  iodine  number. 

As  might  be  expected,  the  iodine  value  is  inversely  proportional  to  the  cold  test 

The  method,  as  will  be  seen,  is  a  conventional  one,  and  the  best  results  will 
be  obtained  by  using  measured  quantities  of  reagents  and  carrying  throu^  the 
process  in  the  same  manner  every  time.* 

The  calculation  is  perhaps  most  easily  made  as  follows:  Subtract  the  number 
of  cc.  of  thiosulphate  used  for  the  titration  of  the  oil,  from  that  obtained  by 
titrating  the  blank — this  gives  the  thiosulphate  equivalent  to- the  iodine  absorbed 
by  the  oil.  Multiply  this  number  (of  cc.)  by  the  value  of  the  thiosulphate  in 
terms  of  iodine,  and  the  result  is  the  number  of  grams  of  iodine  absorbed  by  the 
oil ;  this  divided  by  the  weight  of  oil  used  and  multiplied  by  100  gives  the  iodine 
number. 

In  case  it  be  desired  to  recover  the  iodine  used,  reference  may  be  had  to  an 
article  by  Dieterich,  abstracted  in  the  Jour.  Soc.  Chem.  Ind.,  15,  680,  1896. 

Oxidized  Oils.  Iodine  Number  of.  To  find  the  original  iodine  number  of  s 
semi-drying  or  non-drying  oil  which  litis  been  altered  by  atmospheric  oxidation, 
add  0.8  to  the  iodine  number  found  on  the  altered  sample  for  each  increase  of 

(15.5°  C.\* 
taken  at    -  -o7^~ )  • 

Bromine  Ntmiber  or  Value.  The  iodine  method  just  described  has,  among 
others,  the  disadvantxige  that  it  fails  to  distinguish  between  addition  and  substi- 
tution ;  this  is  sometimes  of  importance,  and  to  accomplish  it  McIIhiney  •  makes 
use  of  the  bromine  absorption. 

Manipulation.  From  0.2  to  0.3  gram  of  a  drjdng  oil,  0.4  to  0.5  of  a  non- 
drying  oil,  or  1.0  to  1.2  grams  of  a  solid  fat,  are  accurately  weighed  into  the  300 
cc.  bottle,  as  in  the  iodine  nuralxjr  (page  584). 

The  oil  is  dissolved  in  10  cc.  of  carbon  tetrachloride,  and  20  cc.  of  bromine 
solution  (Reagents)  added,  best  from  a  burette.  After  allowing  it  to  stand  two 
minutes  by  the  watch,  20  or  30  cc.  of  |X)tassium  iodide  are  added,  in  the  manner 

» J.  Soc.  Chem.  Ind.,  21,  587,  1902. 
«  Dingier  polyt.  J.,  263,  281,  1884. 
» J.  Soc.  Chem.  Ind.,  10,  31,  1891. 

^  If,  for  example,  the  water  he  added  before  the  iodide  solution,  the  iodine  number 
is  changed  bv  0.3  per  cent. 

*  Sherman  and  Falk.,  J.  Am.  Chem.  Soc,  27,  608,  1895. 

•  J.  Am.  Chem.  Soc,  21,  1084,  1899. 
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described  below,  the  amount  depending  upon  the  excess  of  bromine.  To  pre- 
vent loss  of  bromine  and  hydrobromic  acid,  a  short  piece  of  thin  and  wide  rubber 
tubing — "  bill  tie  tubing  " — is  slipped  over  the  lip  of  the  bottle,  thus  forming  a 
well  around  the  stopper;  some  of  the  iodide  solution  is  poured  into  this  and  the 
bottle  cooled  in  cracked  ice.  Upon  removing  the  stopper  the  solution  is  sucked 
into  the  bottle,  it  is  shaken  to  insure  the  solution  of  the  vapors,  and  the  remainder 
of  the  reagent  added.  The  iodine  liberated  is  titrated  by  sodium  thiosulphate 
in  the  usual  way. 

When  this  titration  is  finished,  5  cc.  of  the  potassium  iodate  solution  are  added 
and  the  titration  repeated.  The  iodine  liberated  in  this  reaction  is  equivalent  to 
the  hydrobromic  acid  present.  Blank  determinations  should  be  made  with  the 
reagents  used,  as  with  the  iodine  number. 

Notes.  Oftentimes,  particularly  with  resins,  emulsification  of  the  solution  takes 
place,  masking  the  end-point.  This  can  be  prevented  by  the  addition  of  50  or  100 
cc.  of  a  10%  solution  of  salt. 

In  case  ice  be  not  at  hand,  the  vapors  will  probably  be  completely  absorbed  by 
passing  through  the  iodine  solution  in  the  rubber  well. 

The  reactions  involved,  in  addition  to  thosft  on  page  584  are: 

Palmitin 

(Ci6H3iCOO)5C,H5-h3Br,  =  (C,5H3oBrCOO),C,Hfi+3HBr. 
3HBr+3KI  =  3KBr-f3III. 
6HI+KI0,  =3l2-h3H,0+KI. 

The  calculation  is  similar  to  that  followed  in  the  iodine  number  (page  584). 

The  percentage  of  bromine  found  as  hydrobromic  acid  is  called  the  bromine  sub^ 
stitution  figure,  and  the  total  percentage  absorbed,  less  twice  the  bromine  substitu- 
tion figure,  gives  the  bromine  addition  figure. 

The  metnod  has  the  further  advantages  that  it  is  rapid,  the  bromine  solution  is 
permanent  and  inexpensive.    For  data  upon  various  oils,  see  table  on  page  604. 

Saponification  Value.  This  is  expressed  by  the  number  of  milligrams  of 
potassium  hydrate  necessary  to  saponify  one  gram  of  the  oil.  It  is  called  from 
the  originator  "  Koettstorfer  *  number  or  value,"  also  "  Saponification  number," 
and  must  not  be  confounded  with  "  Saponification  equivalent "  as  proposed 
by  Allen,'  which  is  the  number  of  grams  of  oil  saponified  by  56.1  grams  of  potassium 
hydrate. 

Mnmpulation,  One  to  2  grams  of  the  oil  are  weighed  out  into  a  200-cc.  Erlen- 
meyer  flask  (as  in  the  iodine  value,  q.  r.,  page  584)  and  saponified  by  25  cc.  N/2 
alcoholic  potash  accurately  measured  from  a  burette,  by  heating  upon  a  water 
bath,  a  1-in.  funnel  being  inserted  in  the  flask. 

When  the  saponification  is  complete,  shown  by  the  homogeneity  of  the  solution, 
a  few  drops  of  phenolphthalein  are  added  and  the  excess  of  alkali  titrated  with 
N/2  hydrochloric  acid.  Two  blank  determinations  of  the  strength  of  the  N/2 
potassium  hydrate  must  be  made  simultaneously,  by  heating  25  cc.  under  the  same 
conditions  as  when  mixed  with  the  oil  and  for  the  same  length  of  time. 

Notes.  Many  prefer  to  cork  the  flasks  tightly  and  tie  down  the  stoppers,  thus 
saponifying  under  pressure;  others  make  use  of  a  return  flow  condenser,  oftentimes 
merely  a  long  glass  tube. 

Smetham '  adds  20  cc.  of  ether  and  finds  that  it  aids  saponification.    Henriquea  * 

» Z.  anal.  Chem.,  18,  199,  1879. 

'  Commercial  Organic  Analysis,  2,  40. 

» Analyst,  18,  193.  1893. 

«  Z.  angew.  Chemie,  721,  1895. 
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uses  3  to  4  grams  of  oil,  25  cc.  of  petroleum  ether,  and  25  cc.  of  normal  alcoholic  potadi, 
saponifying  in  the  cold  bv  allowing  to  stand  overnight;  the  advantage  consists  in 
preventing  the  change  in  the  solution  by  boihng. 

Mcllhmey  ^  has  applied  the  process  to  dark-colored  substances  by  tnalring  use 
of  the  principle  that  wiien  ammonium  chloride  is  added  to  a  neutral  soap  aolutioii, 
and  the  mixture  distilled,  the  amount  of  ammonia  freed  is  equivalent  to  the  quantitr 
of  alkali  combined  with  the  fatty  acids.  As  a  description  of  the  process  is  beyooa 
the  scope  of  the  present  volume,  reference  must  be  had  to  the  original  article. 

As  ordinarily  prepared,   the    alcoholic    potash    solution  turns  rapidly  reddiflb- 
brown,  so  that  it  is  very  difficult  to  note  the  end-point.    This  trouble  can  he  partially 
avoided  by  adding  a  arop  or  two  of  the  solution  to  the  diluted  indicator  contained 
upon  a  tile  after  the  manner  of  the  titration  of  iron  by  bichromate.     As  the  color 
is  probablv  due  to  the  polymerization  of  the  aldehyde  formed  by  the  oxidatioa  of 
the  alcohol,  it  is  more  satisfactory  to  use  for  the  preparation  of  the  potash  solutioD 
an  alcohol  which  is  practically  aldehyde  free.    This  is  best  made,  according  to  Dun- 
lap,'  as  follows:    1}  grams  of  silver  nitrate  are  di/!solved  in  3  cc.  of  wat«r,  added  to 
1  liter  of  alcohol  and  thoroughly  shaken;  3  grams  of  potassium  hydrate  are  diflsoM 
in  15  cc.  of  warm  alcohol  and,  after  cooling,  added  to  the  alcoholic  silver  nitrate  and 
thoroughly  shaken  again,  l)est  in  a  tall  bottle  or  cylinder.    The  silver  oxide  is  allowed  to 
settle,  the  clear  Uouid  siphoned  off  and  distilled.     Alcoholic  potash  made  up  from  this, 
using  the  so-calleci  "potash  by  alcohol,"  will  give  a  solution  which  will  remain  wate^ 
white  for  weeks. 

The  writer  has  found,  if  the  stock  solution  be  kept  under  an  atmoqiliere  of 
hydrogen,  that  the  coloration  by  standing  is  almost  entirely  prevented. 

Detection  of  Unsaponifiable  Oils.  The  qualitative  detection  takes  place  by 
observing  the  behavior  of  the  solution  obtained  by  boiling  the  oil  with  alcoholic 
potash  when  diluted  with  warm  water.  Any  unsaponifiable  material  will  mani- 
fest itself  as  oily  drops  in  the  clear  alcoholic  solution,  or  as  a  whitish  cloud  on  the 
addition  of  water. 

The  quantitative  determination  may  take  place  in  two  ways:  1.  From  ths 
saponification  number.    2.  By  gravimetric  methods. 

1.  From  the  Saponification  Number.  On  pages  604  and  605  it  will  be 
noticed  that,  except  for  castor,  rape,  and  sperm  oils,  the  saponification  number 
averages  193.  If  the  number  found  be  divided  by  this  figure,  the  percentage  of 
saj)onifiable  matter  will  be  obtained;  this  subtracted  from  100  will  give  the  unsa- 
ponifiable matter.    This  method  gives  no  idea  of  the  kind  of  saponifiable  matter. 

2.  By  Gravimetric  Methods.  The  procedure  is  essentially  that  of  Spita  and 
Honig :'  10  grams  of  the  oil  are  boiled  fifteen  mhmtes  under  a  return-flow  condenser 
with  50  cc.  of  5%  alcoholic  potash;*  40  cc.  of  water  are  added  and  the  boiling 
rei)eatcd.  Tlie  licjuid  is  allowed  to  cool,  washed  into  a  separatory  funnel  with  50% 
alcohol  and  50  cc.  of  80°  gasoline,  thoroughly  shaken  and  allowed  to  stand.  The 
giisoline  layer  should  separate  clearly  and  quickly  from  the  soap  solution  and 
the  latter  is  drawn  ofT;  the  gasoline  is  washed  2  or  3  times  with  50%  alcohol  to 
extract  any  soap,  and  these  washings  added  to  the  soap  solution.  This  latter  is 
extracted,  until  upon  evai)oration  the  gasoline  leaves  no  stain  upon  paper,  care 
being  taken  to  wash  the  gasoline  extracts  each  time  with  50%  alcohol;  three 
extractions  with  gasoline  are  usually  sufficient. 

The  gasoline  is  distilled  from  these  extracts,  the  residue  heated  until  the  gas- 

*  J.  Am.  Chom.  Soc,  Ifi,  409,  1894.  For  a  discussion  of  the  theory  of  the  process, 
see  Lewkowitsoh,  J.  Soc.  Chem.  Ind.,  17,  1107,  1898. 

2  J.  Am.  Chem.  Soc,  2S,  397,  1906. 
'  Z.  ang.  Chem.,  19,  665,  1891. 

*  The  |)otash  is  made  by  dis.«;olving  purified  potash  in  the  smallest  possible  quan- 
tity of  water  and  adding  absolute  alcohol. 


FIXED  OILS,  FATS  AND  WAXES  589 

oline  odor  disappears,  and  weighed.  From  the  appearance  of  the  residue  some 
idea  of  the  kind  of  unsaponifiable  matter  can  be  obtained.  This  in  the  case  of 
sperm  oil  will  be  mainly  solid  alcohols,  probably  of  the  ethylene  series. 

According  to  Schicht  and  Halpern  ^  this  method  is  open  to  the  following  errors: 
incomplete  saponification,  incomplete  extraction,  solubility  of  soaps  in  the  solv- 
ent, and  the  solubihty  of  the  unsaponifiable  matter  in  the  washing  solution.  Their 
improved  method  is  as  follows:  5  grams  of  fat  ^  with  3  of  grams  sohd  caustic  pot- 
ash dissolved  in  a  Uttle  water  and  25  cc.  of  absolute  alcohol  are  boiled  half  an  hour 
under  a  reflux  condenser.  After  cooling  25  cc.  of  10%  KCl  are  added  and  the  solu- 
tion is  then  shaken  four  times  with  200  cc.  of  petroleum  ether  distilling  under  60**. 
The  petroleum  ether  is  evaporated  and,  without  washing,  the  residue  is  dissolved 
in  25  cc.  absolute  alcohol  and  the  solution  made  slightly  alkaUne  with  normal 
alkali;  25  cc.  of  10%  KCl  are  added  and  the  shaking  with  petroleum  ether  repeated. 
The  petroleum  ether  solution  is  shaken  with  100  cc.  of  60%  alcohol  and  the  wash 
solution  with  100  cc.  petroleum  of  ether,  which  is  afterwards  washed  with  100  cc. 
of  50%  alcohol.  After  combining  the  extracts  the  petroleum  ether  is  driven  off 
and  the  residue  dried  and  weighed. 

Note.  Care  should  be  taken  to  use  gasoline  which  leaves  no  residue  on  evap- 
oration at  100°  C. 

Identification  of  the  Unsaponifiable  Matter.  The  unsaponifiable  matter  is 
either  liquid  or  soUd;  in  case  it  is  liquid,  it  may  be  (1)  hydrocarbon  oilSf  either 
mineral,  or  formed  by  the  distillation  of  waste  fats,  as  wool  grease,  or  (2)  tar 
cilSf  "  dead  oils,"  etc.,  obtained  by  the  distillation  of  coal  tar;  or  (3)  rosin  oils. 

If  it  be  a  question  of  one  of  these  three,  the  specific  gravity  will  usually  decide 
it;  that  of  the  hydrocarbon  oils  is  0.855  to  0.930,  of  the  rosin  oils  0.96  to  0.99, 
while  the  tar  oils  are  heavier  than  water.  Rosin  oils  would  be  shown  by  the  Lie- 
bermann-Storch  test,  page  695;  a  mixture  of  mineral  and  tar  oils  would  be  iden- 
tified by  treatment  with  an  equal  quantity  of  nitric  acid,  sp.gr.  1.45,  both  pre- 
viously cooled  to  15°  C,  and  noting  the  rise  of  temperature.  Mineral  oils  give 
a  very  slight  rise,  being  paraffins,'  while  the  tar  oils  belong  to  the  benzole  series 
and  are  more  easily  nitrated.  Hydrocarbon  oils  from  distilled  grease  oleins  can 
be  identified  by  their  refractive  index  and  rotatory  power.' 

Solid  unsaponifiable  matters  may  be: 

(4)  Paraffin, 

(5)  Ceresene — refined  ozokerite. 

(6)  Higher  alcohols  of  the  paraffin  series,  as  cetyl,  CijHjsOH,  coming  from  the 
saponification  of  sperm  oil  and  other  waxes. 

(7)  Cholesterol,  C28H48OH,  and  its  isomers,  phytosterol,  sitosterol,  isocho- 
lesterol,  etc. 

(8)  Lactones^  internal  anhydrides  of  oxy  acids  as  stearlactone, 

Ci4H„CHOHCH3CH,COOH=CuH2«CHCH2CH2COO-fH,0. 

I [ 

These  may  be  separated  by  boiling  for  two  hours  with  an  equal  quantity  of  acetic 

1  Chem.  Ztg.,  31  279,  1907. 

*  For  linseed  and  other  oils,  ten  or  twenty  times  this  weight  should  be  used,  the 
alkali  being  correspondingly  increased. 

*Gill  and  Forrest,  J.  Am.  Chem.  Soc,  32,  1071;  Gill  and  Mason,  J.  Am.  Chem.  Soc, 
26,665. 


590  FIXED  OILS,  FATS  AND  WAXES' 

anhydride;  if  the  suf)8tance  dissolves  and  does  not  precipitate  on  cooling^ 
alcohols  are  indicated;  if  a  mass  of  crystals  separates  out  on  cooling,  cholestenl 
and  its  isomers,  or  a  mixture  of  these  with  the  higher  alcohols  is  indicated;  if  id 
oily  layer  remains  on  top,  it  is  an  indication  of  the  presence  of  paraflin  or  cere- 
sene.  For  the  complete  separation  and  identification  of  these  reference?  must  be 
had  to  Lewkowitsch,  "  Analysis  of  Fats,  Oils,  and  Waxes,"  as  it  is  beyond  the  limitB 
of  this  chapter. 

Test  for  Animal  or  Vegetable  Oils.  Animal  oils  contain  cholesterol,  CaAiOH, 
while  vegetable  oils  contain  the  isomeric  body  ph3rtosterol;  hence  the  isolation 
and  identification  of  these  compounds  enables  one  to  say  with  certainty  as  to  the 
presence  of  one  class  of  oil  or  the  other — for  example  as  to  the  presence  of  fish  oil 
in  linseed.  The  quantity  of  these  bodies  varies  from  0.2  to  1%.  The  method 
is  essentially  that  of  Bomer.^  Fifty  grams  of  the  oil  are  boiled  in  a  flask  with 
a  return  cooler  with  75  cc.  of  95%  alcohol  for  five  minut<»s  and  the  alcoholic  solu- 
tion separated;  this  is  repeated  with  another  portion  of  alcohol.  The  alcoholic 
solutions  are  mixed  with  15  cc.  of  30%  sodium  hydroxide  and  evaporated  oa  ft 
water  bath  nearly  to  dryness  in  a  porcelain  dish  and  the  residue  shaken  out  with 
ether.  The  ether  is  evaporated,  the  residue  taken  up  with  a  little  ether,  filtered, 
again  evaporated,  dissolved  in  95%  alcohol  (by  volume),  and  allowed  to  crys- 
tallize slowly.  Bomer  states  that  the  form  of  the  crystals  is  more  to  be  relied 
uix)n  than  a  determination  of  their  melting-point.  Cholesterol  crystallises  from 
alcohol  or  ether  in  leaflets  or  rhomboid  tables  containing  one  molecule  of  watff 
of  crystallization.  Phytosterol  crystallizes  also  from  alcohol  with  one  molecule 
of  water  in  needles  forming  stars  or  bundles.  As  a  further  means  of  identificatioa, 
some  of  the  esters  should  be  made  and  their  melting-points  determined. 

To  this  end  the  crystals  above  obtained  are  heated  over  a  low  flame  in  a  finaafl 
porcelain  dish  covered  with  a  watch-glass,  with  2  or  3  cc.  of  acetic  or  other  acid 
anhydride  until  it  boils:  the  watch-glass  is  removed  and  the  excess  of  anhydride 
evaporated  on  the  water  bath.  The  contents  of  the  dish  are  tre^ited  with  a  small 
(luantity  of  absolute  alcohol  to  prevent  crystallization,  more  alcohol  added  and 
the  solution  allowed  to  crystallize.  The  crystals  are  filtered  ofif  through  a 
very  small  filter,  washed  with  a  small  quantity  of  95%  alcohol,  dissolved  in  abao- 
lute  alcohol,  and  recrystallized  until  a  constant  melting-point  is  obtained. 

The  following  table  shows  the  corrected  melting-points  of  these  alcohols  and 
their  esters: 

Cholostorol.  Phytosterol. 

Alcohol 148-150.8**  13r>-143.8' 

Acetate 113-114**  120-137** 

Benzoate 135-151 '  142-148** 

Propionate 97-98**  104-105° 


Notes.  Some  directions  state,  in  isolating  the  cholesterol  or  phytosterol.  to 
l)oil  with  the  30%  sodium  hydroxide  until  one-fourth  of  the  alcohol  is  evaporated. 
As  a  result  of  re])eated  experiments  this  has  been  found  to  cut  down  the  y\e\d  » 
much  that  on  a  large  scale  practically  none  of  these  bodies,  particularly  phytosterol 
was  obtained.  This  agR»es  with  the  ol)scrvation  of  Lewkowitsch  that  by  befttiog 
cholesterol  with  normal  alcoholic  potash,  cholesterin  hydrate  is  obtained. 

The  following  test  will  serve  to  differentiate  l)etween  cholesterol  and  phvtosteroL' 
A  very  small  (juantity  of  cholesterol  is  warmed  with  1.5  cc.  absolute  alcohol  and  a 

U.  Roc.  Chem.  Ind.,  17,  954,  1898:   Tohnan,  J.  Am.  Chem.  Soc.,  27,  590,  1905; 
nan,  Hull.  107,  IT.  S.  Dept.  Agriculture,  1907. 
Neul)erg  and  Rauchwerger,  abstr.  J.  Soc.  Chem.  Ind.,  2S,  1163,  1904. 
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trace  of  isodulcit  or  rhamnose  (^imethylfurfiiral)  added.  After  cooling,  an  eqiial 
volume  of  concentrated  sulphuric  acid  is  added,  so  as  to  form  a  layer  below  the  solu- 
tion, whereupon  a  raspberry-colored  ring  is  produced  at  the  zone  of  contact  of  the 
two  liquids.  On  mixing  the  layers  while  the  tube  is  cooled  in  a  current  of  cold  water 
the  mixture  becomes  mtensely  colored.  With  phvtosterol  the  reaction  fails  or  at 
most  a  pink  color.     Similar  reactions  are  given  by  aoietic  acid. 

As  little  as  1  %  of  cotton-seed  has  been  found  in  lard,  and  4%  in  any  oil  have  been 
detected  by  this  test. 

For  the  means  of  distinguishing  between  drving  and  marine  animal  oils,  see  Halphen, 
J.  Pharm.  Chim.,  14,  391  (1901),  abstracted  J.  Soc.  Chem.  Ind.,  21,  74,  or  Chem. 
Centralb.,  72,  ii,  1097  and  1323. 

Tests  for  Antifluorescents.^  It  is  often  desired  to  remove  the  fluorescence 
or  "  bloom  "  from  petroleum  oils.  This  may  be  effected  by  refining  with  chromic 
acidy  or  more  easily  by  the  addition  of  a  small  quantity  of  nitro-naphthalene 
or  nitro-benzene.    The  latter  may  often  be  detected  by  the  odor. 

The  test  is  made  by  boiling  about  1  cc.  of  the  oil  with  3  ec.  of  10%  alcoholic 
potash  for  one  to  two  minutes.  If  either  of  the  nitro  compounds  be  present, 
a  blood-  or  violet-red  coloration  is  produced;  a  pure  mineral  oil  is  changed  only 
to  yellow  or  brownish-yellow  by  this  treatment.  In  case  the  characteristic  color 
does  not  appear  the  following  test  may  be  applied.'  It  depends  upon  the  reduc- 
tion of  the  nitro  bodies  to  their  amines. 

A  few  cc.  of  the  oil  are  heated  with  feathered  tin  and  hydrochloric  acid 
in  an  Erlenmeyer  flask  for  ten  minutes:  this  can  be  aided  by  the  introduction  of 
a  piece  of  platinum  wire.  The  oil  is  separated  by  a  separatory  funnel  and  filtra- 
tion through  a  wet  filter,  the  filtrate  treated  in  another  separatory  with  sodium 
hydrate  until  the  tin  hydrate  redissolves  and  shaken  out  with  10-20  cc.  of  ether. 
The  amines  go  into  solution  in  the  ether,  giving  to  it  a  violet  color  and  fluores- 
cence in  the  case  of  o-naphthylamine.  These  can  be  recognized  by  their  odor, 
that  of  naphthylamine  being  very  characteristic.  The  latter  may  be  recog- 
nized by  dissolving  in  hydrochloric  acid,  evaporating  the  latter,  and  upoa  treat- 
ment with  ferric  chloride  obtaining  an  azure-blue  precipitate.  This  changes  when 
filtered  off  to  purple-red  and  the  filtrate  to  violet. 

Aniline  can  be  recognized  by  solution  in  concentrated  sulphuric  acid  and 
the  red  and  then  blue  color  which  appears  on  the  addition  of  a  small  crystal  of 
potassium  bichromate.  Free  aniline  is  also  temporarily  colored  violet  by  a  solu- 
tion of  bleaching  powder. 

Acetyl  Value.  The  estimation  of  the  acetyl  value  is  seldom  required  in  oil 
analysis,  it  being  characteristic  only  when  triglycerides  are  present.  For  a 
description  of  the  method  and  its  applications,  reference  must  be  had  to  the 
larger  works,  as  Lewkowitsch  or  Allen. 

Special  Tests  for  Certain  Oils 

Lewkowitsch  says »  "  It  should  be  distinctly  understood  that  color  reactions 
taken  by  themselves  should  not  be  relied  upon  as  giving  a  decisive  answer.  At 
best  they  can  only  be  used  as  a  preliminary  test,  or  as  a  confirmatory  test.  The 
ease  with  which  this  test  can  be  carried  out,  and  its  apparent  reliability,  have 
led  to  an  over-estimation  of  this  very  useful  and  important  reaction;   so  much 

1  Holde,  J.  Soc.  Chem.  Ind.,  13,  906,  1893. 

•  Holde,  "  Examination  of  Hydrocarbon  Oils,"  p.  168. 

•  *'  Chemical  Technology  and  Analysis  of  Fats,  6ils  and  Waxes,"  2,  203. 
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so,  that  grave  errors  may  be  committed  by  those  who  assign  to  this  test  an  exclu- 
sive or  even  a  paramount  importance.  It  is  altogether  unjustifiable  to  look  upcm 
this  test,  as  has  been  clone,  as  permitting  of  quantitative  interpretation." 

Bechi's  Test  for  Cotton-seed  Oil.  This  depends  upon  the  supposition  that 
a  substance  of  an  aldehydic  nature  which  reduces  silver  nitrate  is  contained 
in  the  oil.    The  method  is  essentially  that  of  Milliau.* 

Fifteen  grams  of  oil  are  weighed  into  a  No.  6  porcelain  dish,  using  the  coarse 
scales,  and  heated  for  about  ten  minutes  upon  the  water  bath;  a  mixture  of  10  cc. 
of  30%  caustic  soda  and  10  cc.  of  the  alcohol  is  slowly  poured  upon  the  oil. 
The  whole  is  occasionally  stirred  until  the  mass  becomes  clear  and  homo- 
geneous, and  150  cc.  of  hot  distilled  water  slowly  added  so  as  not  to  decompose 
the  soap,  and  the  boiling  continued  until  the  alcohol  is  expelled.  Dilute  sul- 
phuric acid  (1 :10)  is  added  to  acid  reaction,  and  the  separated  fatty  acids  washed 
three  times  by  decantation  with  cold  water.  A  portion  of  these  is  brought  into 
a  large  test-tube,  15  cc.  of  alcohol  and  2  cc.  of  3%  silver  nitrate  solution  are 
added,  the  tube  is  wrapped  with  brown  paper,  held  in  place  by  an  elast^  band, 
and  heated,  with  constant  stirring,  in  the  water  bath  until  one-third  of  the 
alcohol  is  expelled,  which  is  replaced  by  10  cc.  of  water.  This  heating  is  con- 
tinued for  a  few  minutes  longer  and  the  coloration  of  the  insoluble  fatty  adds 
obvserved.  The  presence  of  cotton-seed  oil  in  any  appreciable  proportion  causes 
a  mirrorlike  precipitate  of  metallic  silver,  which  blackens  the  fatty  acids  of  the 
mixture. 

Notes.  The  alcohol  should  be  proved  free  from  aldehvde  by  a  blank  test.  Uih 
less  the  mixture  in  the  test-tube  be  thoroughly  stirred  while  heating,  it  w^ill  "bump" 
and  eject  the  contents.  Other  methods  of  procedure  consist  in  appl3aQg  the  test  to 
the  oil  itself,  often  after  treatment  with  dilute  caustic  soda  and  nitric  acid.  (Wesson.-) 
The  writer  had  a  case  in  which  the  oil  gave  the  test  while  the  fatty  acids  gave  no 
blackenins,  showing  there  was  something  in  the  oil  itself  other  than  cott^n-seed  oil 
which  reduced  the  silver  nitrate.  Students  have  no  difficulty  in  detecting  a  5^i 
adulteration  with  cotton-seed  oil. 

Dupont  *  thinks  that  the  reduction  of  silver  nitrate  is  due  rather  to  sulphur  com- 
pounds contained  in  the  oil;  by  passing  steam  over  the  oil  he  obtained  a  product 
containing  sulphur  and  the  oil  still  gave  the  Bechi  test.  This  work  has  been  repeated 
and  confirmee!  by  the  author.*  It  is  to  be  noted  that  while  the  fatty  acids  blacken 
silver  nitrate  they  do  not  color  cadmium,  lead,  or  copper  salts,  but  reduce  mercury 
compounds.  No  indication  of  an  aldehyde  was  noted  by  the  fuchsine  or  anrnioois 
tests.  The  supposition  that  the  reducing  substAnce  is  aldehydic  in  its  nature  finds 
support  in  the  fact  that  if  the  oil  be  heated  to  240°  *  or  be  kept  for  some  time*  it 
loses  this  peculiar  property. 

By  purifying  the  acids  by  the  lead  salts  TorteUi  and  Ruggeri  ^  are  able  to  detect 
as  little  as  10%  of  heated  cotton-seed  oil. 

It  is  to  be  noted  that  pure  lard,  tung  and  olive  oil  are  not  infrequently  met. 
with  which  give  the  test,  consequently  its  indications  cannot  be  considered  as 
conclusive. 

Halphen's  Test  for  Cotton-seed  Oil.'    This  depends  upon  the  observation 

1  J.  Am.  Chem.  Soc,  15,  164,  1893. 

*  J.  Am.  Chem.  Soc,  17,  723,  1895. 

» Bull.  Soc.  Chem.  (3),  13,  696;  J.  Soc.  Chem.  Ind.,  14,  811,  1895;  also  Charabot 
and  March,  Bull.  Soc.  Chim.,  21,  252,  1899. 

*  Gill  and  DennLson,  J.  Am.  Chem.  Soc,  24,  397,  1902. 
6  Holde,  J.  Soc  Chem.  Ind.,  11,  637,  1892. 

*  Wilson,  Chem.  News,  59,  99,  1889. 
^  J.  Soc.  Chem.  Ind.,  20,  753,  1901. 

« Halphen,  J.  Pharm.  Chim.,  390,  1897, 
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that  this  oil  contains  an  unsaturated  fatty  acid  which  combines  with  sulphur, 
giving  a  colored  compound.^ 

Procedure,  Ten  cc.  of  the  oil  or  melted  fat  are  heated,  in  a  large  test-tube 
with  a  long  glass  condenser  tube  attached,  with  an  equal  volume  of  amyl  alco- 
hol and  of  carbon  bisulphide  solution  of  sulphur  (Reagents),  at  first  with  frequent 
agitation,  in  a  steam  bath,  and  then,  after  the  violent  boiling  has  ceased,  in  a 
brine  bath  (105-110°)  for  forty-five  minutes  to  three  hours,  according  to  the  quan- 
tity of  adulterant  present,  the  tube  being  occasionally  removed  and  shaken. 
As  little  as  1%  will  give  a  crimson  wine  coloration  in  twenty  minutes." 

Notes.  If  the  mixture  be  heated  for  too  long  a  time  a  misleading  brownish- 
red  color  due  to  burning  is  produced.  The  reaction  seems  to  be  peculiar  to  this  oil; 
it  is  more  sensitive  with  fresh  than  old  fats,  and  while,  by  comparison  with  a  blank, 
A  of  1%  is  noticeable,  }  of  1%  is  easily  detected.  Cotton-seed  oil  which  has  been 
heated  to  250^  does  not  give  the  test;  tne  oil  is  then  not  available  as  food.  Heating 
to  200**  does  not  interfere  with  the  test.* 

The*'test  is  not  given  by  an  oil  which  has  been  oxidized  with  sulphuric  acid  and 
potassium  permanganate,  although  such  an  oil  gives  the  Bechi  test.^  This  shows 
that  the  two  tests  are  not  produced  by  the  same  substance.  Nor  is  this  test  or  that 
of  Bechi  given  by  an  oil  which  has  been  treated  with  chlorine  or  sulphurous  acid.* 
If  treated  with  the  former  it  is  no  longer  edible;  an  oil  treated  with  sulphurous  acid 
and  washed  with  alcohol  cannot  be  distinguished  from  ordinary  cotton-seed  oil  and 
does  not,  as  already  stated,  respond  to  either  the  Halphen  or  Bechi  test.  In  this 
case  the  test  for  phytosterol  is  the  only  means  of  determining  if  it  has  been  added 
to  an  animal  oil.  The  test  is  also  given  by  kapok  oil,  which  is  used  as  an  edible  oil  in 
China,  the  East  and  West  Indies,  and  in  Africa;  baobab  oil  also  gives  it. 

Lard  from  hogs  fed  on  cotton-seed  meal  shows  this  reaction  strongly,  as  if  it  were 
25%  oil.*    The  butter  from  cows  similarly  fed  also  yields  the  reaction.^ 

The  test  may  be  apphed  to  the  soaps  or  fatty  acids,  provided  they  are  not  too 
deeply  colored. 

The  amvl  alcohol  cannot  be  omitted  nor  substituted  by  ethyl  alcohol  without 
impairing  the  deUcacy  of  the  test."  The  compoimd  in  the  oil  cannot  be  removed 
by  treating  with  animal  charcoal.' 

Hexabromide  Test  for  Linseed  Oil.  The  object  of  the  test  is  to  determine  the 
amount  of  insoluble  bromides  of  the  fatty  acids  contained  in  the  oil. 

Fifteen  grams  of  the  oil  are  saponified  by  boiling  with  15  cc.  of  potassium  hydrox- 
ide solution,  sp.gr.,  1.35,  and  15  cc.  of  alcohol  in  a  flask  under  a  reflux  condenser; 
300  cc.  of  warm  water  are  added  and  the  solution  distilled  with  steam  until  the 
alcohol  is  removed.  Dilute  sulphuric  acid  is  added  to  excess,  the  solution  heated 
until  the  fatty  acids  are  obtained  as  a  clear  oily  upper  layer;  this  is  washed  several 
times  with  hot  distilled  water  until  free  from  sulphuric  acid,  using  methyl  orange 
as  an  indicator.  This  does  not  react  with  fatty  acids  of  low  molecular  weight 
which  being  soluble  in  water  may  redden  litmus.  This  washing  is  effected  in  an 
atmosphere  of  inert  gas,  carbonic  acid  or  hydrogen  by  stopping  the  flask  with  a 
three-holed  stopper,  carrying  a  siphon,  an  entrance  and  an  exit  tube  for  the  gas. 

»  Raikow,  Chem.  Ztg.,  24,  662,  583,  1900. 

*  Oilar,  Am.  Chem.  J.,  24,  355;  abstr  Anal.,  28,  22,  1901. 

*  Fischer  and  Peyan.  Analyst,  SO,  131,  1905;  Soltsien,  Z.  offentl.  Chem.,  6,  136. 
1899;  J.  Soc.  Chem.  Ind.,  18,  865. 

*  Raikow,  loc.  cit. 

»  Petkow,  Analyst,  32,  123,  1907. 
•Soltsien,  Z.  offentl.  Chem.,  7,  140,  1901. 
'  Wauters,  J.  Soc.  Chem.  Ind.,  1^,  172,  1900. 

*  Soltsien,  loc.  cit.,  25,  Oilar,  loc.  cit. 

*  Utz,  Rev.  Fett  u.  Harz.  Ind.,  9, 125,  1902. 
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The  acids  are  siphoned  into  a  small  Erlenmeyer  flask  and  in  case  a  few  drops  of 
water  come  over — an  equal  quantity  of  alcohol  added  and  dried  upon  the  water 
bath  in  a  stream  of  dry  inert  gas. 

In  order  to  test  for  the  presence  of  unsaponified  fat,  3  cc.  are  dissolved  la 
15  cc.  of  959c  (by  volume)  alcohol,  and  15  cc.  of  aqueous  ammonia  are  added.  If 
an  appreciable  amount  of  fat  has  escaped  saponification,  the  mixture  will  become 
turbid  (Geitel). 

Two  grams  of  mixed  fatty  acids  *  are  dissolved  in  a  flask  in  27  cc.  of  dry  ether, 
cooled  down  to  10°  C,  and  0.25  cc.  of  bromine  allowed  to  run  into  the  solution 
from  a  very  finely-drawn-out  pipette,  the  time  allowed  for  this  being  about  twenty 
minutes.  The  remaining  0.25  cc.  of  bromine  is  added  somewhat  more  rapidly, 
within  about  ten  minute,  the  bromination  thus  occup3dng  about  thirty  minutes. 
The  authors  attach  great  value  to  the  exact  observance  of  the  time.  The  tempos- 
ture  should  never  be  allowed  to  rise  during  bromination  above  5°.  The  flask  is 
corked  and  allowed  to  stand  for  two  hours  at  0°.  The  ethereal  solution  is  next 
decanted  through  a  weighed  asbestos  or  paper  filter  (Lewkowitsch)  and  the 
precipitate  is  washed  with  five  lots  of  5  cc.  each  of  dried  and  cooled  ether.  After 
complete  draining,  the  precipitate  is  dried  for  two  hours  at  80^  to  85°,  and  allowed 
to  cool  in  a  desiccator.  The  temperature  is  designedly  kept  below  100°,  as  the 
authors  found  that  the  color  of  the  hexabromide  becomes  somewhat  gra3''  if  ihie 
drying  takes  place  at  100°.  The  melting-point  of  the  hexabromides  was  177", 
whereas  the  melting-point  of  pure  hexabromide  has  been  found  to  be  higher. 
No  doubt  the  low  melting-point  is  due  to  the  dr3ring  having  been  carried  out  belov 
100°. 

Nevertheless  small  traces  of  retained  moisture  cannot  account  for  the  much 
larger  jrield  of  hexabromide  which  the  authors  obtained. 

The  3delds  of  hexabromide  obtained  by  these  authors  are  as  follows: 


Fatty  Acids 

Per  cent. 

Fatty  Acida 

Per  eent. 

Perilla  oil 

64.12 
57.96 
51.73 
51.66 
50.50 

Tunic  oil 

nil 

Linseed  oil.  Baltic 

Sova  bean  oil 

up  to  7.78 
nil 

Linseed  oil.  Dutch 

PoDDV  seed  oil 

Linseed  oil.  La  Plata 

Rape  oil 

6.34 

Linseed  oil.  Indian 

Renard's  Test  for  Peanut  Oil.^  Tolman '  has  modified  this  as  follows: 
Weigh  20  grams  of  oil  into  an  Erlenmeyer  flask.  Saponify  with  alcoholie 
potash,  neutralize  exactly  with  dilute  acetic  acid,  using  phenolphthalein  as  indica- 
tor, and  wash  into  a  500-cc.  flask  containing  a  boiling  mixture  of  100  cc.  of  water' 
and  120  cc.  of  a  20%  lead  acetate  solution.  Boil  for  a  minute  and  then  cool  tl 
precipitated  soap  by  immersing  the  flask  in  water,  occasionally  giving  it  a  whirlingj 
motion  to  cause  the  soap  to  stick  to  the  sides  of  the  flask.  After  the  flask  haij 
cooled,  the  water  and  excess  of  lead  can  be  poured  off  and  the  soap  washed  with! 
cold  water  and  with  99%  (by  volume)  alcohol.  Add  200  cc.  of  ether,  coric,  and^ 
allow  to  stand  for  some  time  until  the  soap  is  disintegrated,  heat  on  the  water 

*  Eibner  and  Muggenthaler,  Farben  Ztg.,  1912. 

*  Renard,  Compt.  rend.,  78, 1330,  1871 ;  also  Archbutt,  J.  Soc.  Chem.  Ind*,  17, 1121 1 
»  Bull.  107.  U.  S.  Dept.  Agriculture,  1907,  p.  145.  J 
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lath,  using  a  reflux  condenser,  and  boil  for  about  five  minutes.  In  the  oik  most 
f  the  soap  will  be  dissolved,  while  in  lards,  which  contain  much  stearin,  part 
all  be  left  undissolved.  Cool  the  ether  solution  of  soap  to  15°  or  17**  C.  and 
st  it  stand  until  all  the  insoluble  soaps  have  crystallized  out  (about  twelve 
ours). 

Filter  and  thoroughly  wash  the  precipitate  with  ether.  Wash  the  soaps  on 
lie  filter  back  into  the  flask  by  means  of  a  stream  of  hot  water  acidified  with 
ydrochloric  acid.  Add  an  excess  of  dilute  hydrochloric  acid,  partially  fill  the 
ask  with  hot  water,  and  heat  until  the  fatty  acids  form  a  clear  oily  layer.  Fill  the 
ask  with  hot  water,  allow  the  fatty  acids  to  harden  and  separate  from  the  pre- 
Ipitated  lead  chloride,  wash,  drain,  repeat  washing  with  hot  water,  and  dissolve 
iie  fatty  acids  in  100  cc.  of  boiling  90  per  cent  (by  volume)  alcohol.  Cool  to 
5®  C,  shaking  thoroughly  to  aid  crystallization. 

From  5  to  10  per  cent  of  peanut  oil  can  be  detected/by  this  method,  as  it 
ffects  a  complete  separation  of  the  soluble  acids  from  the  insoluble,  which  inter- 
sre  with  the  crystallization  of  the  arachidic  acid.  '  Filter,  wash  the  precipitate 
wrice  with  10  cc.  of  90%  (by  volume)  alcohol,  and  then  with  alcohol  70%  (by  vol- 
me).  Dissolve  off  the  filter  with  boiling  absolute  alcohol,  evaporate  to  dryness 
I  a  weighed  dish,  dry  and  weigh.  Add  to  this  weight  0.0025  gram  for  each  10  cc. 
f  90%  alcohol  used  in  the  crystallization  and  washing  if  done  at  15**  C;  if  done 
t  20**  add  0.0045  gram  for  each  10  cc.  The  melting-point  of  arachidic  acid  thus 
btained  is  between  71**  and  72**  C.  Twenty  times  the  weight  of  arachidic  acid 
ill  give  the  approximate  amount  of  peanut  oil  present.  No  examination  for 
dulterants  in  olive  oil  is  complete  without  making  the  test  for  peanut  oil.  Ara- 
bidic  acid  has  a  characteristic  structure  and  can  be  detected  by  the  microscope. 

Bach's  Test  for  Rapeseed  Oil.  According  to  0.  Bach,^  the  acids  obtained  from 
ipe-seed  oil  are  completely  insoluble  in  David's  alcoholic  acetic  acid,  in  the 
roportion  of  1  to  15,  by  volume;  those  from  cottonseed,  peanut,  sesame,  and 
imflower  oil  dissolve  on  heating.  Those  from  the  last  oil  separate  as  a  granular 
recipitate  at  15**,  while  from  the  other  three  they  gelatinize.  The  acids  from 
live  oil  are  completely  soluble  at  the  ordinary  temperature.  David's  acid  is 
lade  by  mixing  22  cc.  of  50%  acetic  acid  (by  volume)  with  30  cc.  of  alcohol,  sp.gr. 
'^17,  92.07%  (by  weight.) 

Note.  The  author  has  found  that  ^  Bach's  observation  cannot  be  implicitly 
died  upon,  as  some  rape-eeed  oils  yield  acids  which  are  soluble  in  David's  mixture. 

liebennann-Storch  Test  for  Rosin  OIL  One  or  2  cc.  of  the  oil  are  shaken 
rith  an  equal  quantity  of  acetic  anhydride  and  gently  warmed.  When  cool 
he  acetic  anhydride  is  pipetted  off  and  tested  by  the  addition  of  1  drop  of  con- 
entrated  sulphuric  acid.  A  fine  violet  color  is  produced  in  the  presence  of  rosin 
il.  Tung  oil  and  also  cholesterol,  which  is  contained  in  the  animal  fats,  produce 
> similar  coloration;  the  latter  can  be  removed  by  saponifying  the  oil  as  completely 
8  possible  and  shaking  out  the  somewhat  dilute  soap  solution  with  ether  or 
letroleum  ether.  The  soap  solution  is  then  acidified,  setting  free  the  fatty 
cids,  and  these  treated  with  acetic  anhydride  as  if  they  were  the  oil. 

Baudouin's,  or  Camoin's  test  for  Se8am§  Oil.  Villavecchia  and  Fabris' 
ipply  the  test  as  follows:  0.1  gram  sugar  is  disisolved  in  10  cc.  of  hydrochloric  acid 

*  Allen,  "  Commercial  Organic  Analysis,"  2,  pt.  1,  128,  1899. 
>  Z.  angew.  Chem.,  509, 1892;  abstr.  J.  Soc.  Chem.  Ind.,  12, 67;  also  Kerp,  Analyst^ 
M,  246,  1899. 
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of  specific  gravity  1.18  in  a  test-tube,  and  20  grams  of  the  oil  to  be  tested  added, 
the  whole  thoroughly  shaken  and  allowed  to  stand.  In  the  presence  of  \%  of 
sesam^  oil  the  aqueous  liquid  will  be  colored  red,^  due  to  the  action  of  the  for- 
furol  formed  upon  the  oil.  They  state  that  as  olive  oils  of  undoubted  purity  hx^ 
shown  the  reaction  in  the  aqueous  layer  and  not  in  the  oily  stratum,  the  color  should 
be  looked  for  in  the  latter. 

The  sugar  may  be  replaced  by  0.1  cc.  of  a  2%  solution  of  furfurol  and  half  the 
quantity  of  oil  used. 

Milliau'  saponifies  as  in  the  Bechi  test  and  dries  the  acids  at  105°.  Lew- 
kowitsch  *  states  that  this  is  a  needless  complication.  Da  Silva  *  states  that  this 
test  has  given  colors  with  certain  Portuguese  olive  oils;  also  those  of  Bari  Brindba 
and  Lecce.  Kreis '  states  that  the  active  or  color-giving  constituent  is  probabhr 
phenolic  in  its  nature.  The  reaction  is  given  by  other  substances,*  as  vanillin,  oil 
of  cloves,  and  cinnamon;  this  should  be  borne  in  mind  in  testing  oils  which  haine 
been  extracted  from  confectionery.     Rancid  fats  prevent  the  coloration;  it  can, 

however,  be  brought  about  even  in  Rancid  fats  by  the  addito 
of  an  equal  quantity  of  cotton-seed  oil.  ^ 

Free  Add  Test  About  10  grams  of  oil  are  weighed  (to 
centigrams)  into  a  250-cc.  Erlenmeyer  flask,  60  cc.  of  neutral 
alcohol  (Reagents)  added,  the  mixture  warmed  to  about  60" 
C,  and  titrated  with  N/6  potassium  hydrate,  using  i^ienol- 
phthalein,  the  flask  being  frequently  and  thoroughly  shaken. 
The  result  is  conventionally  reported  in  per  cent  of  oleic  acid: 
— T  T^TTth     ^'^  ^^'  ^'^  KOH  is  equivalent  to  0.047  gram  oleic  acid.   Or 

W- I  Un     it  can  be  reported  like  the  saponification  number,  in  mifr 

grams  of  KOH  per  gram  of  oil. 

Spontaneous  Combustion  Test  Mackey's  Apparatus. 
The  apparatus,*  Fig.  92a,  consists  of  a  cylindrical  copper  wattf 
bath  7  in.  high  and  4  in.  in  diameter  (inside  measuremefit^^r 
surrounded  with  a  J-ii^-  water-jacket.  The  cover  is  packed 
with  asbestos  and  carries  the  draft  tubes  A  and  B,  ^  in.  a 
diameter  and  6  in.  long,  which  cause  a  current  of  air  to  he 
sucked  down  B  and  up  A,  thus  ensuring  a  circulation  of  sir 
in  the  apparatus:  C  is  a  cylinder  made  of  24-mesh  wire  gswi 
6  in.  high  and  1^  in.  in  diameter  and  supported  upon  a  pro- 
jection from  the  bottom  of  the  bath.  A  thermometer  projecti 
down  into  the  center  of  the  cylinder;  if  a  metal  condense! 
be  connected  to  the  water  bath  it  can  be  used  indefinitely  wthout  refillinf 
and  without  danger  of  burning  out. 

Seven  grams  of  ordinary  bleached  cotton  wadding  or  "absorbent  cotton' 
are  weighed  out  in  a  porcelain  dish  or  on  a  watch-glass,  and  14  grams  of  the  d 
to  be  tested*  poured  upon  the  cotton  and  thoroughly  worked  into  it,  care  bdn( 


L 


h 


Fig.  92a. 

Mackey's  Appa- 
ratus. 


I  Ibid.,  1893,  505;  abstr.  Analyst,  19,  47. 
«  J.  Am.  Chem.  Soc.  15,  162,  1893. 

•  "  Oils,  Fats  and  Waxes." 

« J.  Soc.  Chem.  Ind.,  17,  275,  1898. 
6  Chem.  Ztg.,  27,  316,  1903. 

•  Gerber,  Analyst,  32,  90,  1907. 

^  Laufif  and  Hinsmann,  Chem.  Ztg.,  81,  1023,  1908. 

•  Mackey,  J.  Soc.  Chem.  Ind.,  15,  90,  1896;  Gill,  ibid.,  26,  185,  1907. 
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taken  to  replace  any  oil  that  is  lost.  The  cotton  is  then  placed  in  the  cylinder, 
packed  about  the  thermometer  so  that  it  occupies  the  upper  4i  in.  of  the  cylinder, 
and  put  into  the  boiling  water  bath.  After  the  expiration  of  an  hour,  the  bath 
having  been  kept  in  active  ebullition,  the  temperature  is  read.  Any  oil  which 
shows  a  temperature  exceeding  100°  C.  in  one  hour,  or  200°  C.  in  two  hours,  should 
be  regarded  as  a  dangerous  oil,  or  liable  to  produce  spontaneous  combustion.  The 
rdlowing  tables  show  the  results  obtained  in  using  this  apparatus. 


Oil. 


Olive  (neutral) . . 

Cotton-seed 

Elaine 

Olive  fatty  acids 


Temperature  °C.  in 


1  hr. 


97-98 

112-128 

98-103 

102-114 


li  hrs. 


100 

177-242 
101-115 


U  hrs. 


101 

194-282 
102-191 
196 


Other  values  obtained  were: 


Oil. 

Tomp. 

Time 
MinutoH. 

Iodine, 
No. 

Free  Acid, 
per  cent. 

Olive 

234 
234 
158 
234 
234 
97 

130 
75 

188 
70 
65 

135 

85.4 

75.2 

60.5 

108.9 

168.1 

16.2 

5.3 

Lard 

Trace 

(Meic  acid 

Cotton-seed 

Neutral 

liinfwed 

Neutral 

26**  Paraffin 

Besides  being  used  for  testing  oils  it  can  be  applied  to  testing  other  materials, 
ofly  waste,  sawdust,  or  any  mixtures  suspected  of  causing  spontaneous  combustion. 

"  The  results  *  of  the  greatest  practical  value  obtained  in  the  use  of  this  appa- 
ratus have  been,  first,  determining  the  cause  of  fires;  and,  second,  determining  the 
degree  of  safety  of  the  various  oils  used  in  manufacturing.  Mineral  oil,  as  is 
well  known,  is  not  liable  to  spontaneous  combustion ;  and  a  certain  percentage  of 
animal  or  vegetable  oil  may  be  added  to  mineral  oil  without  materially  increasing 
the  danger  under  ordinary  circumstances.  This  percentage  varies  according  to 
the  oil;  with  neat's-foot  and  first  quality  lard  oil  some  50  to  60%  may  be  used,  with 
cotton-seed  not  over  25%  is  allowable.  The  claim  so  often  made  for  so-called 
*  safe '  oils,  said  to  have  been  changed  by  special  and  secret  processes  of  refining 
so  as  to  be  no  longer  dangerous,  is  easily  exposed  by  this  test.'* 

Drying  Test  Upon  Glass.'  A  few  drops  of  oil  are  brought  upon  a  glass  plate 
inclined  at  about  30°  from  the  horizontal.  A  test  of  the  oil  is  made  from  time 
Uy  time  by  touching  it  with  the  fingers,  the  time  at  which  it  does  not  soil  them 
being  noted  as  the  point  when  it  is  dry.    Good  oil  should  dry  in  three  days. 

Archbutt*  makes  this  test  as  follows:  A  piece  of  polished  plate-glass  7  cm. 
square  by  4  mm.  thick  is  cleaned  and  counterpoised  on  the  balance;  it  is  then 
heated  for  an  hour  at  200°  C.  in  an  air  bath  to  thoroughly  dry  it.     It  is  taken  out, 

1  Richards,  Tech.  Quarterly,  4,  346,  1891. 
«  Amsel,  J.  Soc.  Chcm.  Ind.,  15,  222,  1896. 
•  J.  Soc.  Chem.  Ind.,  18,  347,  1899. 
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laid  on  a  non-conductor,  allowed  to  cool  for  three  or  four  minutes,  and  the  hot  ^aa 
thinly  painted  with  the  oil  to  be  tested  by  means  of  a  camers-hair  brush.  Vilm 
the  glass  is  cold  it  is  weighed  and  sufficient  oil  added  to  make  it  up  to  0.1  g[ram. 
Two  glasses  are  coated  with  the  sample  and  two  with  a  standard  oil,  all  placed  on 
a  level  surface  in  a  large  air  bath  at  50^  C.  and  heated  for  nine  hours;  one  set  of 
plates  is  withdrawn,  cooled,  and  tested  by  the  finger.  Good  raw  linseed  is  tacky, 
when  tested  by  the  finger  when  cold,  in  nine  hours  and  dry  in  twelvie;  com  oil  is 
practically  dry  in  fifteen  hours,  though  slightly  tacky;  cottonseed,  partially  dry 
in  eighteen  hours  and  fully  dry  in  twenty-one.  Refined  rape  oil  dried  in  forty- 
eight  hours,  and  olive  oil  was  sticky  after  thirteen  days. 

Titer  Test.  Under  this  rather  misleading  title  is  expressed  the  solidification 
point  of  the  fatty  acids  derived  from  a  fat  or  oil;  it  has  nothing  at  all  to  do  with 
titration,  as  might  be  expected.  The  test  is  extensively  used  for  the  evaluation 
of  fats,  and  according  to  the  method  provisionally  adopted  by  the  Association  of 
Official  Agricultural  Chemists  is  carried  out  as  follows:^ 

(a)  Standard  Themiameter.  The  thermometer  must  be  graduated  in  tenth 
degrees  from  10°  to  60°,  with  a  zero  mark,  and  have  an  auxiliary  TeserYok  at 
the  uj^per  end,  also  one  between  the  zero  mark  and  the  10**  mark.  The  canity 
in  the  cajMllary  tul)e  between  the  zero  mark  and  the  10°  mark  must  be  at  least 
1  cm.  below  the  10°  mark,  the  10°  mark  to  be  about  3  or  4  cm.  above  the  bulb, 
the  length  of  the  thermometer  being  about  15  in.  over  all.  The  thermometer  is 
annealed  for  75  hours  at  450°  C,  and  the  bulb  is  of  Jena  normal  16'"  g^**, 
moderately  thin,  so  that  the  thermometer  will  be  quick  acting.  The  bulb  is  about 
3  cm.  long  and  6  mm.  in  diameter.  The  stem  of  the  thermometer  is  6  mm.  in 
diameter  and  made  of  the  l>est  thermometer  tubing,  with  scale  etched  on  the  rtem, 
the  graduation  to  be  clear-cut  and  distinct,  but  quite  fine. 

{b)  Determihntion.  Saponify  75  grams  of  fat  in  a  metal  dish  with  60  cc.  of  30fc 
sodium  hydroxide  (26°  Bauni6)  and  75  cc.  of  95%  (by  volume)  alcohol  or  120  cc. 
of  water.  Boil  to  dryness,  with  constant  stirring  to  prevent  scorching,  over  a  very 
low  flame  or  over  an  iron  or  asbestos  plate.  Dissolve  the  dry  soap  in  a  liter  of  boiling 
water,  and  if  alcohol  has  been  used,  boil  for  forty  minutes  in  order  to  remove  it.  add- 
ing sufficient  water  to  replace  that  lost  in  boiling.  Add  100  cc.  of  30%  sulphuric 
acid  (25°  Baum^)  to  free  the  fatty  acids,  and  boil  until  they  form  a  clear,  trans- 
parent layer.  Wash  with  boiling  water  until  free  from  sulphuric  acid,  collect  in 
a  small  beaker,  and  i)lace  on  the  steam  bath  until  the  water  has  settled  and  the 
fatty  acids  are  clear;  then  decant  them  into  a  dry  beaker,  filter,  using  the  hot- 
water  funnel,  and  dry  twenty  minutes  at  100°  C.  When  dried,  cool  the  fatty  acids 
to  15  or  20°  C.  above  the  expected  titer  and  transfer  to  the  titer  tube,  which  is 
25  mm.  in  diameter  and  100  mm.  in  length  (1  by  4  in.)  and  made  of  glass  about  1 
mm.  in  thickness.  Place  in  a  l()-oz.  salt-mouth  bottle  of  clear  glass,  about  70 
mm.  in  diameter  and  150  mm.  high  (2.8  by  6  in.),  fitted  with  a  cork,  which  is  pe^ 
forated  so  as  to  hold  the  tube  rigidly  when  in  position.  Suspend  the  thermometer, 
graduated  to  0.1°  C,  so  that  it  can  be  used  as  a  stirrer,  and  stir  the  mass  slowly 
until  the  mercury  remains  stationary  for  thirty  seconds.  Then  allow  the  the^ 
mometcr  to  hang  quietly,  with  the  bulb  in  the  center  of  the  mass,  and  observe 
the  rise  of  the  mercury.  The  highest  point  to  which  it  rises  is  recorded  as  the 
titer  of  the  fatty  acids. 

Test  the  fatty  acids  for  complete  saponification  as  follows: 

*  U.  S.  Dcpt  of  Agriculture,  Bureau  of  Chemistry  Bulletin  No.  107,  p.  135,  IW. 
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Place  3  cc.  in  a  test-tube  and  add  15  cc.  of  alcohol  (95%  by  volume).  Bring 
the  mixture  to  a  boil  and  add  an  equal  volume  of  ammonium  hydroxide  (0.96  sp.gr.). 
A  clear  solution  should  result,  turbidity  indicating  unsaponified  fat.  The  titer 
must  be  made  at  about  20**  C.  for  all  fats  having  a  titer  above  30°  C.  and  at  10®  C. 
below  the  titer  for  all  other  fats. 

References 

Heflft^r,  G.  Technologie  der  P'ette,  Oele,  und  Wachsarten  des  Pflanzen  und  Tier- 
reichs.     4  volumes',  1906-|- 

Ubl)elohde,  L.  Chemie,  Analyse  und  Gewinnung  dqr  Oele,  Fette  und  Wachse.  4 
volumes,  1908+ 

EDIBLE  FATS 

These  include  butter,  lard  and  hardened  oils. 

Butter  is  examined  for  water,  fat,  ash,  curd,  and  salt;  these  are  usually  present 
in  the  following  proportions: 


I 


Fat. .  . 
Water. 
Salt... 
Curd.. 


Per  cpnt. 


78. 

-90 

5. 

-20 

0.4-15 

0. 

1-  5 

Average  per  cent 


82 

12 

5 

1 


These  are  determined  as  follows:  weigh  about  2  grams  of  butter  into  a  plat- 
inum Gooch  crucible  half  filled  with  ignited  fibrous  asbestos,  and  dry  it  at  100**  C. 
to  constant  weight.  The  loss  is  the  amount  of  water.  Dissolve  out  the  fat  by 
repeated  treatment  with  petroleum  ether  and  again  dry  to  constant  weight. 
The  loss  represents  the  amount  of  fat.  Ignite  the  crucible  with  a  low  flame  or  in 
a  muflle,  being  careful  not  to  volatilize  the  salt,  until  a  light-gray  ash  is  obtained. 
The  loss  represents  curd  and  the  residue  ash.  By  extraction  of  the  ash  with  water, 
and  neutralization  with  calcium  carbonate,  the  salt  can  be  titrated  with  silver 
nitrate. 

Examination  of  the  Fat.  Butter  is  adulterated  with  oleomargarine,  ren- 
ovated butter,  and  cocoanut  oil.  The  first  may  be  detected  by  testing  for 
cottonseed  or  sesam^  oil  either  by  the  color  tests  or  by  the  index  of  refraction;  this 
at  25°  is  for  butter  1.459-1.462,  for  oleo.  1.465-1.470.  Owing  to  the  fact  that 
butter  contains  a  large  per  cent  of  volatile  fatty  acids  (butyric,  caproic,  caprylic 
and  capric  acids,  in  all  about  8%),  adulterants  may  be  detected  by  determining 
the  amount  of  these.  The  process  usually  employed  is  that  of  Reichert  modified 
by  Meissl. 

Five  grams  of  the  clear  fat,  filtered  through  absorbent  cotton,  are  weighed 
into  a  250-cc.  round-bottomed  flask  and  saponified  by  2  cc.  potassium  hydroxide 
1  : 1  and  lOcc.of  95%  alcohol,  under  a  return  flow  condenser  for  twenty-five  minutes. 
The  alcohol  is  rapidly  evajwrated  off  on  the  water  bath  until  no  odor  of  alcohol  is 
perceptible.  Add  slowly  160  cc.  of  recently  boiled  distilled  water  which  has  been 
cooled  to  50®  or  60**;  warm  the  flask  until  a  clear  solution  of  the  soap  is  obtained. 
Cool  to  about  60**  and  add  8  cc.  sulphuric  acid  1  : 4  to  liberate  the  fatty  acids. 
Drop  into  the  flask  two  bits  of  pumice  (about  the  size  of  peas)  which  have  been 
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heated  and  quenched  in  water,  and  tie  in  a  well-fitting  cork;  warm  the  fla^ 
until  the  fatty  acids  have  melted  and  are  floating  on  the  liquid.  Cool  to  aboat 
60^  and  attach  the  flask  to  a  condenser,  using  a  trap  to  prevent  the  sulphuric 
acid  from  being  mechanically  carried  over;  110  cc.  are  distilled  into  a  graduated 
flask  in  as  nearly  thirty  minutes  as  possible.  Thoroughly  mix  the  distillate,  pour 
through  a  dry  filter,  and  titrate  100  cc.  with  X/10  NaOH,  using  phenolphthaieiD 
as  an  indicator.  Multiply  the  cc.  of  alkali  by  1.1  and  calculate  them  to  5  gram< 
of  fat.  The  Reichert-^Ieissl  value  for  butter  is  from  24  to  34,  the  average  is  about 
28.8;  cocoanut  oil  gives  6-8  and  other  fats  less  than  1. 

The  procedure  is  a  conventional  one  and  should  be  followed  as  exactly  as 
possible.  Cocoanut  and  other  vegetable  oils  would  be  shown  by  the  fact  that 
the  unsaponifiable  matter  would  contain  phytosterol;  also  by  the  Polenske  number.* 
Renovated  butter  is  best  shown  by  the  "  Spoon  or  Foam  Test."  This  con- 
sists in  melting  a  third  of  a  teaspoonful  of  the  sample  in  a  tablespoon  over  a  small 
flame  and  stirring  with  a  match.  Increase  the  heat  until  the  fat  boils  briskly* 
stirring  thoroughly  several  times.  Oleomargarine  and  renovated  butter  bml 
noisily,  sputtering  like  a  mixture  of  grease  and  water  and  produce  no  foam. 
Butter  boils  with  less  noise  and  much  foam  sometimes  rising  over  the  sides  of  the 
spoon.    The  pieces  of  curd  in  butter  are  much  smaller  than  in  either  6f  the  others. 

Preservatives*  benzoic,  boric  and  salicylic  acids,  may  be  examined  according 
to  the  procedure  given  in  Woodman  and  Norton,  "Air,  Water  and  Food/*  pp.  154 
and  196. 

Color  may  be  detected  according  to  Allen,  "  Commercial  Organic  Anah-sis," 
4th  Ed.,  Vol.  II,  or  Leach's  "  Food  Analysis." 

Lard  is  adulterated  with  water,  25%  being  added  in  some  cases,  with  cotton- 
seed oil  or  stearine  and  beef  stcarine. 

Water  is  determined  as  with  butter;  cottonseed  oil  or  stearine  by  the  usual 
tests.  It  should  be  borne  in  mind,  however,  that  hogs  fed  on  cottonseed  meal 
yield  a  lard  which  will  give  the  Halphen  t<»st  as  strongly  as  if  it  containeil  25*^0  of 
the  (il.  The  iodine  number  and  the  presence  of  phytosterol  will  confirm  this 
test;  the  iodine  number  varies  widely  according  to  the  source  of  the  fat,  but  in 
general  it  may  be  said  it  should  be  between  46  and  66. 

Beef  stearine  is  very  difficult  if  not  impossible  of  detection.  For  this,  reference 
may  be  had  to  Lewkowitsch,  5th  Ed.,  Vol.  IL 

HARDENED  OILS 

As  the  name  denotes,  these  are  oils  which  have  been  changed  to  more  or 
less  solid  fats  by  the  addition  of  hydrogen,  in  the  presence  of  a  catalj'st,  usually 
a  compound  of  nickel.  This  betrays  their  presence  and  may  be  tested  for  as 
follows:* 

Ten  grams  of  the  fat  are  heated  on  the  water  bath  with  10  cc.  of  hydrochloric 
acid  (sp.  gr.  1.12)  with  frecjuent  shaking  for  two  or  three  hours.  The  fat  is  removed 
by  filtering  through  a  wet  filter,  receiving  the  filtrate  in  a  porcelain  dish;  after 
partial  evaporation  of  the  filtrate  2  or  3  cc.  of  strong  nitric  acid  are  added  and 
the  evajKjration  continued  to  dryness  to  ensure  the  destruction  of  the  organic 
matter.    The  residue  is  dissolved  in  a  few  cc.  of  distilled  water,  a  few  drops  of  a 

Z.  Nahr.  Genussm.,  7,  193,  1904,  also  I^ach,  "Food  Analysis." 
Kerr,  J.  Ind.  and  Eng.  Chem.,  6,  207,  1914. 
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1%  solution  of  dimethyl  glyoxime  in  alcohol  added,  and  a  few  drops  of  dilute 
ammonia.  The  presence  of  nickel  is  shown  by  the  appearance  of  the  red-colored 
nickel  dimethyl  glyoxime.  The  amount  of  nickel  can  be  determined  colori- 
metrically  by  comparison  with  solutions  containing  known  quantities. 

The  quantity  of  nickel  is  very  minute,  not  as  much  as  the  fats  take  up  when 
cooked  in  nickel  or  nickeled  dishes  and  need  cause  no  apprehension. 

Hydrogenation  destroys  all  the  characteristics,  particularly  the  color  tests, 
by  which  the  diflferent  oils  may  be  sometimes  detected. 

WAXES 

These,  as  will  be  remembered,  contain  no  glycerine;  the  tests  applied  to  them  are 
the  same  as  to  the  oils.  The  characteristics  of  the  more  commonly  occurring  waxes 
are  given  in  the  table,  p.  606;  sperm  oil,  which  is  really  a  liquid  wax,  is  included 
anaong  the  oils. 
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Properties  of  Some  of  the  Mineral  Oils 


Oil. 


Hpocific 

gravity, 

deg.  Baum6 

at  60»  F. 


Black...... 

Ice  machine. 
Crank  case .  . 
Transformer 
Turbine .... 

Spindle 

Loom 

Engine 

Cylinder.  .  . 
Cylinder.  .  . 


Viscosity 
(Saybolt), 
at  70°  F. 


Cold  test, 
deg.  Fahr. 


30 
30-35 

28 
27-30 
23-25 
26-28 


325 
325-360 

455 
340-380 

420 
320-390 

360 

410 

525 
400-575 


100-120 

60-100 

100 

400 

160 

58-156 

203 
190-210 
200-300* 


5-15 
0-4 

25 


♦  At  212°  F. 


Belt  Dressings  are  (1)  mixtures  of  fats,  waxes,  degras  or  tallow  with  castor 
or  fatty  oils;  (2)  vulcanized  com  or  cottonseed  oil  thinned  with  naphtha;  (3) 
preparations  containing  wood  tar;  or  (4)  preparations  containing  rosin,  which 
is  undesirable.  Black  oils,  car  oils,  well  oil  or  reduced  oils  are  crude  oils 
from  which  the  naphthas  and  burning  oils  have  been  separated  by  distillation. 
Crank-case  oils  are  pure  mineral  oils  which  emulsify  but  little  with  water.  Mil- 
ling-machine or  soluble  oils  are  lard,  sulphonated  oils  or  mineral  oils  held  in  sus- 
pension in  water  by  soaps  or  alkalies,  as  borax  or  soda;  the  soaps  used  are  either 
ammonium,  sodium  or  potassium  with  resin,  oleic  or  sulphofatty  acids.  Hosin 
oils  are  obtained  by  distilling  or  **  running  "  rosin,  each  distillate  being  called  a 
"  run  "  and  numbered  according  to  the  times  it  has  been  distilled.  They  oxidize 
quite  rapidly  and  should  not  be  used  as  lubricants  except  as  soaps  in  lubricating 
greases.  Screw-cutting  oils  are  often  mixtures  of  27°  B^.  paraffin  and  25% 
fatty  oil,  preferably  cottonseed,  although  lard  oil  was  formerly  used.  Stainless 
oils  are  spindle  or  loom  oils  mixed  with  fatty  oils — lard  or  neatsfoot.  Transformer 
oils  should  be  either  pure  mineral  or  rosin  oils  and  as  free  as  possible  from  water. 
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acid,  alkali  and  sulphur.  Turbine  oils  should  be  of  excellent  quality,  free  from 
acid  and  tendency  to  resinify,  and  low  in  sulphur.  Watch  oil  is  obtained  from  the 
porpoise,  dolphin,  or  blackfish,  where  it  exists  in  cavities  in  the  jaw  and  in  the 
brain  or  **  melon  **  of  the  fish.  Lubricating  greases  are  mixtures  of  soape  of  palm 
oil,  tallow  or  rosin  oil  (with  lime  or  soda  as  bases)  with  various  oils  or  fats  such  as 
rosin,  tallow  or  mineral  oil.  The  best  are  those  made  from  tallow  by  8aponific&- 
tion  with  caustic  soda.  They  may  also  contain  finely  powdered  talc  or  graj^te. 
Non-fluid  oils  are  oils  or  their  greajses  stiffened  with  "  oil  pulp  "  or  "dope,"  i.e., 
aluminum  oleate  or  palmitate. 

The  source,  preparation  and  uses  of  the  various  oils  and  greases  are  described 
in  Rogers  and  Aubert's  Industrial  Chemistry,  Chapters  XXII,  XXIV,  XXV 
and  XXVII. 

For  the  guidance  of  the  analyst,  the  characteristics  ol  the  more  frequently 
occurring  oils  are  given,  the  usual  figures  being  given  in  italic. 

The  vegetable  oils  may  be  classified  into 

Drying.    Linseed,  Chinese  wood,  poppyseed,  sunflower  and  menhaden. 

Semi-drsring*    Com,  cottonseed,  sesam^,  rape,  black  mustard  and  horse. 

Non-dr3ring.  Castor,  almond,  peanut,  olive,  cocoanut,  palm,  seal,  ood-4iva, 
elaine,  lard,  neatsfoot,  tallow,  sperm  and  whale. 
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CHARACTERISTICS  OF  THE  FATTY  ACIDS  FROM  SOME  OILS 


ou. 

'  00°V. ' 

M.pt.    'C. 

Solidiln.   Pt. 

•c. 

Iodi» 
P»r  wnt. 

1.4461 

13-14 

9-11.8 

Castor 

1.4546 

13 

3 

86-SS 

- 

4(M3.8 

31.2 

Co<'oanut 

1.4295 

24-27 

15-20 

s.4~g 

Codlivcr,  Medidnal 

- 

- 

17-18  (titer) 

164-171 

Com 

- 

18-21.6 

14-lB 

113-126 

Cottonseed- 

1.446 

34-40 

32-36 

106-112 

Elaine 

37.S-39.B 

33.6-37.7 

35 

1.4546 

17-24 

13-17 

No  figures  &V 

ailable. 

I.4665at20° 

B-17 

6-8 

\eatafoot 

- 

28.5-29,8 

16-26.5 

(liter) 

Olive      

1.4410 

19-31 

17-24.6 

86-90 

- 

47.7-50 

36^6 

U 

Peanut 

1.4461 

27-36 

22-32,5 

1.4500 

20-21 

16.5 

1.4491 

16-22 

16-18 

Seal 

- 

14-33 

13-17 

186-902 

1.4461 

23-32 

18-26 

Sw 

- 

13-21 

IS 

fliinflower 

1.4S31 

17-2+ 

17-18 

124 

- 

14-27 

23-24 
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MTTiiTiFLTiNa  Factobs  TO  REDUCE  Satbolt  Timbs  TO  Enqlbr  Numbebs  or  to 

Redwood  Times  ' 


Saybolt  Times 
Seconds. 

Factor  Savbolt 

Time  to  Efngler 

Number. 

Factor  Say- 
bolt  Time 
to  Redwood 
Time. 

Saybolt  Times 
Seconds. 

Factor  Savbolt 

Time  to  Engler 

Number. 

Factor  Say- 
bolt  Time 
to  Redwood 
Time. 

28 

0.0357 

0.95 

75 

0.0289 

0.86 

30 

.0352 

.95 

80 

.0286 

.86 

32 

.0346 

.94 

85 

.0284 

.86 

34 

.0342 

.94 

90 

.0282 

.85 

36 

.0337 

.94 

95 

.0280 

.85 

38 

.0334 

.93 

100 

.0279 

.85 

40 

.0330 

.93 

110 

.0276 

.85 

42 

.0327 

.92 

120 

.0274 

.84 

44 

.0323 

.92 

130 

.0272 

.84 

46 

.0320 

.91 

140 

.0271 

.84 

48 

.0317 

.91 

160 

.0269 

.84   . 

50 

.0314 

.90 

180 

.0268 

.84 

55 

.0308 

.90 

200 

.0267 

.84 

60 

.0302 

.89 

•   •  ■  • 

•  •  *   • 

65 

.0297 

.88 

1800 

0!6267 

0.84 

70 

0.0293 

0.87 

The  Engler  number  is  the  quotient  of  Engler  Time  divided  by  the  water  value 
of  the  instrument  at  20°  C.  in  seconds. 


Reagents 

The  reagents  used  in  oil  analysis  are  few  and  easily  obtained.  A  list  and 
their  method  of  preparation  is  here  given. 

Acetic  Acidt  Glacial.  Baker  and  Adamson's  C.  P.  or  Kahlbaum*s  "Eisessig/' 
90.5  %  pure.  The  determination  of  its  strength  should  be  made  by  titration  and 
not  by  specific  gravity,  as  the  98%  and  80%  acid  have  the  same  specific  gravity, 
1.067.  The  determination  of  the  melting-point  gives  results  equallv  good  with  those 
obtained  by  titration  and  requires  less  time.'  It  is  made  after  the  manner  of  the 
"  titer  test "  (p.  598),  the  tube  being  half  filled,  chilled  to  10  to  11**  C,  and  further 
chilled  by  placing  the  outside  bottle  in  ice-water;  the  temperature  of  the  super-cooled 
acid  rises  to  its  melting-i)oint,  where  it  remains  stationary  for  some  time.  The  melt- 
ing-points of  acids  of  various  strengths  are  as  follows: 

100%,  16.75'' C;  99.5%,  15.65*»;  99%,  14.8^ 

For  Hanus's  solution  it  must  not  reduce  potassium  bichromate  and  sulphuric  acid. 

Acetic  Anhydride.  Baker  and  Adamson's  C.  P.  or  Kahlbaum's  Essigsaures 
Anhydrid." 

Alcohol.  Commercial  ''  Cologne  Spirits.'*  For  the  preparation  of  alcohol  free 
from  aldehyde  for  alcoholic  potash,  cologne  spirits  are  treated  with  silver  oxide  as 
follows:  \\  grams  of  silver  mtrate  are  dissolved  in  3  cc.  of  water,  added  to  1  liter  of 
alcohol  and  thoroughly  shaken;  3  grams  of  potassium  hydrate  are  dissolved  in  15  cc. 
warm  alcohol  and,  after  cooling,  added  to  the  alcoholic  silver  nitrate  and  thoroughly 
shaken  again,  best  in  a  tall  bottle  or  cylinder.  The  silver  oxide  is  allowed  to  settle,  the 
clear  li(]uid  siphoned  off  and  distilled,  a  few  bits  of  pumice,  prepared  by  igniting  it  and 
immediately  quenchine  under  water,  being  added  to  prevent  bumpmg.  Alcohol 
for  use  in  the  free  acid  determination  is  prepared  by  placing  10  to  15  grams  of  dry 
sodium  carbonate  in  the  reagent  bottle,  taking  care  to  filter  it  before  use. 

Alcohol,  Amyl.    Kahlbaum's  manufacture. 

Bromine.  The  commercial  article;  also  a  N/3  solution,  made  by  dissolving  26.6 
grams  bromine  in  1  liter  carbon  tetrachloride. 

>  Proc.  Am.  Soc.  Test.  Mat.,  16, 1,  288, 1915. 

>  Mcllhiney  et  al.,  J.  Am.  Chem.  Soc,  29,  1224, 1907. 
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Calcium  Chloride,    The  dry  and  also  the  crystallized  salt. 

Calcium  Sulphate.    Plaster  of  Paris. 

Carbon  Tetrachloride,    Baker  and  Adamson's  C.  P.  or  Kahlbaum's  *'  Tetrachlor- 
kohlenstoff." 

Chloroform.     Squibb's,  U.  S.  P. 

Copper,     Copper  turnings  or  clippings,  used  for  the  generation  of  nitric  oxide. 

Copper  Wire.    Cut  in  pieces  of  0.3  to  0.5  gram. 

EUier,     Squibb's,  U.  S.  P. 

Gasoline.    Gasoline,  86**  Baum6. 

Hydrochlonc  Acid,  C.  P.— Specific  gravity  1.2.  For  N/2  HCl  dilute  39  cc.  of  the 
above  acid  to  1  liter  and  standardize. 

Iodine  Solution.  Fifty  grams  of  iodine  to  1  liter  of  alcohol.  For  Hanus's  solution 
dissolve  by  warming  13.2  grams  iodine  in  1  liter  glacial  acetic  acid;  cool  and  add  3  cc 
of  bromine. 

Lead  Acetate.    One  hundred  grams  of  the  salt  to  1  liter.i 

Lactnoid.     Three  grams  per  liter  of  dilute  alcohol. 

Lacmoid  Paper.     Unsized  paper  dipped  in  above  solution. 

IMmus  Paper. 

Mercuric  Chloride,    Sbcty  ^ams  of  the  salt  to  1  liter  of  alcohol. 

Nitric  Acid.    Specific  gravity  1.34. 

Phenol phthalein.     One  gram  of  the  substance  to  500  cc.  of  alcohol. 

M eta-Phosphoric  Acid.  A  saturated  solution  of  the  commercial  "  stick  phosphoric 
acid  "  in  absolute  alcohol. 

Potassium  Bichromate.  Dissolve  3.S633  grams  of  the  C.  P.  salt  in  1  liter  of  water; 
1  cc.  is  equivalent  to  0.01  gram  of  iodine.  The  solution  should  be  tested  against  iroa 
wire  containing  a  known  percentage  of  iron. 

Potassium  Hydrate.     N/2:  Dissolve  30  grams  of  "  potash  by  alcohol  "  in  1  liter  of 
alcohol.     N/6:    Dissolve  10  grams  of  "  potash  by  alcohol "  in  1  liter  of  water  and 
dilute  to  proper  strength.     The  solution  should  be  protected  by  "  stick  potash  "  fronj 
the  carbon  dioxide  in  the  air.     Ten  per  cent,:  Dissolve  100  grams  of  "  stick  potash ' 
in  1100  cc.  of  alcohol. 

Potassium  lodate.     A  2%  solution. 

Potassium  Iodide.  One  hundred  grams  of  the  commercial  salt  are  dissolved  in  1 
liter  of  water.  This  should  be  free  from  iodatc,  shown  by  yielding  no  coloration  when 
acidified  with  strong  HCl. 

Silver  Nitrate.     Thirty  grams  to  1  liter-|-0.4  cc.  HNOi. 

Sodium. 

Sodium  Chloride.     Ordinary  "  coarse  fine  "  salt  for  freezing  mixtures. 

Sodi u m  Hydrate.     36 °  Baum/).     Dissolve  300  grams  of  caustic  soda  in  1  liter  of  water. 

Sodium  Nitroprus^idc.     The  comuiercial  salt. 

Sodium  Thiosulphate.  X/10:  Dissolve  26  grams  of  "sodium  hyposulphite"  in 
1  liter  of  water.     See  page  204. 

Starch  Solution.  Rub  up  in  a  mortar  1  gram  of  potato  starch,  with  10  to  15  cc.<>' 
water,  i>our  this  into  200  cc.  of  water  which  is  boiUng  actively,  and  continue  the 
boilinj?  for  a  few  minutes. 

Sugar.     Ordinarily  granulated  sugar. 

Sulphur.     A  1.5^ r  sohition  in  carbon  bisulphide. 

Sulphuric  Acid.  C.  P.     This  should  Ik?  at  least  99.5%  pure,  and  its  strength  be 
determined  by  titration,  as  100%  and  94.3%  acid  have  the  same  sj)ecific  gravity. 
Dilute.     One  part  acid  to  ten  parts  water. 

Nitrosulphuric  Acid,  for  the  Elaidin  Test.  A  liter  of  sulphuric  acid  of  46®  Baumc 
(1.47  s|)ecific  gravity)  is  prepared  by  dihiting  560  cc.  commercial  sulphuric  acid  to 
1  liter;  a  few  drops  of  nitric  acid  are  added  and  nitric  oxide  (generated  from  coppf^ 
and  nitric  acid)  passed  in  until  it  is  saturated.  The  acid  is  then  cooled  in  ice-water 
and  the  gas  pas.sed  in  until  it  is  saturated  at  0°  C.     This  is  called  Roth's  Kquid. 

TVio  author  wishes  to  acknowledge  his  indebtedness  to  Mr.  Thomas  T.  Gray 
'ful  review  of  this  chapter.     Mr.  Gray's  broad  experience  in  petroleum 
Chief  Chemist  of  Tidewater  Oil  Company,  makes  his  criticism  and 
of  special  value. 

1  Richmond,  J.  Soc.  Chem.  Ind.,  9,  479, 1890. 


ANALYSIS  OF  PAINTS 

Henry  A.  Gardner.*  and  John  A.  Schaefper* 

In  reporting  the  results  of  an  examination  of  a  paint,  it  is  advisable  to  give 
all  the  analytical  data  as  well  as  a  r^um6  showing  the  probable  composition  of 
the  paint.    This  is  shown  in  the  following  example: 

Results  of  Analysis 

Total  Pigments  or  Solids 60% 

Total  Vehicle  or  Liquids 40 

Analysis  of  Pigment  Parlion 

Lead  Oxide  (PbO) 37.47% 

Zinc  Oxide  (ZnO) 44.50 

Alumina,  iron,  lime 2 .  90 

Magnesia  (MgO) *. 1 .90 

Silica  (SiOs) 4.63 

Carbon  Dioxide  (COj) 2.50 

Sulphuric  Anhydride  (SOj) 5.02 

Water  (combined) .73 

99.15% 
Analysis  of  Vehicle  Portion 

Vehicle  contained  20%  volatile  matter. 

Volatile  matter  consisted  of  equal  parts  of  turpentine  and  mineral  spirits. 

Non-volatile  matter  had : 

Iodine  Number 175 

Acid  Number 2.4' 

Saponification  Number 188 

and  contained  .02%  ash  consisting  of  lead  and  manganese  oxides. 

Probable  Composition  of  Paint. 

Pigment 60% 

Liquid 40 

Pigment 

Basic  Carbonate — White  Lead 22% 

Basic  Sulphate — White  Lead 25 

Zinc  Oxide 43 

Asbestine 10 

100% 
Liquid 

Raw  Linseed  Oil 80% 

Mineral  Spirits 10 

Turpentine  and  Drier 10 

100% 

•  Afisistant  Director,  The  Institute  of  Industrial  Research,  Washington,  D.  C. 

*  Chief  Chemist,  Pilcher  Lead  Co.,  Joplin,  Mo. 
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ANALYSIS  OF  PAINT  VEHICLES 

Composition  of  Liquid  Part.  The  vehicle  or  liquid  portion  of  paints  may  con- 
tain various  fixed  animal,  vegetable  or  mineral  oils,  oleo-resinous  varnishes^  tur- 
pentine, mineral  distillates,  benzol  and  driers. 

It  is  always  advisable  to  deternune  the  total  i)ercentage  of  liquids  in  a  paint. 
The  container  should  be  thoroughly  shaken  so  that  the  contents  vriW  be  uniform 
throughout.  A  portion  of  4  or  5  ounces  may  then  \ye  removed  and  placed 
in  a  screw-cap  bottle.  The  original  can  of  paint  should  then  be  set  aside  so  that 
settling  of  the  i)igments  will  take  place.  Unless  the  paint  is  in  paste  form,  this 
will  usually  be  accomplished  in  twenty-four  hours.  A  portion  of  the  clear  liquid 
floating  over  the  pigments  may  then  be  removed  and  directly  examined  as  out- 
hned  under  Separation  of  Vehicle  Components. 

Percentage  of  Liquid  by  Ignition  Method.  The  percentage  of  vehicle  in  the 
uniform  sample  of  paint  previously  obtained  may  l^e  found  by  placing  a  weighed 
portion  in  a  i^)rcelain  crucible  and  slowly  igniting  it  to  burn  off  the  organic  con- 
stituents. By  carefully  regulating  the  heat,  the  oil  and  volatile  thiimers  will  be 
slowly  burned  off,  leaving*  the  pigment  behind,  which  may  then  be  weighed,  cal- 
culating the  vehicle  l)y  difference.  This  method  is  a  rapid  one  and  works  wdl 
with  some  pigments.  When  pigments  are  present  which  show  an  appreciable  loss 
on  ignition,  or  blacks  or  blues,  this  method  is  not  to  be  relied  upon. 

Percentage  of  Liquid  by  Extraction  Methods.  Another  good  method  of  sepa- 
rating  the  vehicle  from  a  paint  is  to  place  a  portion  in  a  large  tube,  adding  a  con- 
siderable quantity  of  benzol,  jH^troleum  ether,  or  that  portion  of  gasoline  distilling 
below  120°  C,  subsetiuently  centrifuging.  Pigments  which  settle  slowly  are 
thrown  down  very  rapidly  by  this  method.  The  process  is  repeated  three  or  four 
times  in  ord(T  thoroughly  to  free  the  pigment  from  oil.  After  drying,  the  pigment 
is  weighed  and  tlie  j)en'entage  of  vehicle  det<?rmined  by  difference.  In  case  a 
centrifuge  is  not  available,  the  vehicle  of  many  paints  may  l>e  separated  by  simply 
shaking  a  i)ortit)n  of  tiie  ])aint  in  a  long  test-tube  mill  benzol,  allowing  the  pigment 
to  settle,  repeating  tiie  extraction  until  the  oil  is  thoroughly  removed. 

Some  oi)eratt)rs  have  from  time  to  time  used  a  Soxhlet  extractor  for  the  deter- 
mination of  the  veiiicle  of  a  paint.  This  method  is  rather  slow  and  does  not 
always  give  satisfactory  results. 

It  must  be  remem!)ered  that  no  method  of  extraction  of  the  oil  from  a  paint 
will  give  absolute  results.  The  last  traces  of  oil  cannot  be  removed  from  the 
j)ignient,  which  is  probably  due  to  the  fact  that  many  pigments  such  as  lead  and 
zinc  react  witii  the  oil,  producing  small  quantities  of  insoluble  soa])8  which  are 
not  completely  dissolved  by  the  solvent. 

In  the  e\( Taction  of  paints,  tiie  ciioice  of  a  solvent  is  hnportant.  When  beniol 
(00'^)  is  not  available,  it  may  be  r(»i)iac(»d  by  gasoluie  that  has  been  redistilled, 
using  t  he  li.^ht  fract  ion  comhig  over  I  k'Iow  1 2i)°  C.  This  cannot  be  usetl,  however, 
when  varnish  resins  other  than  rosin  are  present,  as  they  are  insoluble  therein. 

There  are  some  piy;ments  which  by  reason  of  their  low  specific  gravity,  col- 
loidal nature  or  i)artial  solubility  can  never  be  completely  separated  from  ofl, 
eith(.T  by  settling,  centrifuging  or  extraction.  Of  these  the  most  conunonly 
met  with  are  lampblack  and  other  forms  of  carbon,  zinc  oxide  and  Prussian  blue. 
( 'oUoidal  j)igments  sucii  as  zinc  C)xide  are  very  troublesome  in  this  resjx^ct.  When 
tin^se  pij^ments,  however,  are  i)re>ent  in  a  paint  in  considerable  iK*rcentage,  the 
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fficulty  of  their  separation  may  be  avoided  by  adding  to  the  paint  three  or  four 
mes  its  volume  of  fuller's  earth,  diluting  the  mixture  in  a  large  test-tube  with 
Lsoline  or  petroleum  ether  and  either  centrifuging  or  placing  in  a  rack  to  settle. 
he  fuller's  earth  carries  down  the  colloidal  pigments  and  the  separation  is  sharp 
id  easy.  This  method,  of  course,  Ls  simply  used  to  extract  the  vehicle  present. 
lie  pigment  resulting  from  the  separation  cannot  be  used  for  analysis  on  account 
:  admixture  with  the  fuller's  earth. 

In  some  cases  the  pigments  in  past^  colors  made  of  lampblack  and  Prussian 
L\ie  cannot  be  separated  from  the  vehicle  portion.  The  amount  of  Prussian  blue 
resent,  however,  iray  be  determined  by  making  a  Kjeldahl-CIunning  determina- 
on  on  a  portion  of  the  entire  paint,  multiplying  the  nitrogen  found  by  4.4.  For 
:ie  determination  of  the  lampblack  present,  a  portion  of  the  entire  paint  may  be 
oiled  with  an  excess  of  alcoholic  potash  until  all  of  the  oil  is  saponified.  The 
lixture  is  then  decanted  through  a  filter  and  washed,  first  with  hot  alcohol  and 
ben  Tvith  hot  water.  This  affords  a  very  good  separation  of  the  vehicle  from  the 
ligment  of  such  paints.  By  this  method,  the  Prussian  blue  which  may  be  present 
5  jMirtially  destroyed,  the  iron  content  remaining  adn).ixed  with  the  black  pig- 
ment on  the  filter. 

Separation  of  Vehicle  Components.  Whenever  possible,  it  is  advisable  to 
letermine  the  constituents  of  the  vehicle  upon  that  sample  that  has  been  removed 
rom  the  top  of  the  settled  can  of  paint.  A  weighed  portion  of  this  vehicle  may  be 
placed  in  a  tared  flask  and  attached  to  a  Liebig  condenser.  Heating  to  180*^  C. 
>T  lower  will  drive  off  nearly  all  the  volatile  constituent*?.  The  composition  of  the 
iistillate  may  be  determined  by  the  methods  given  under  the  Examination  of  Tur- 
pentine. A  portion  of  the  residue  in  the  flask,  which  consists  of  oil,  driers,  gums, 
etc.,  may  be  transferred  to  a  crucible  and  ignited.  The  residue  may  then  be 
weighed  and  calculated  to  ash.  The  ash  should  be  analyzed  for  lead,  manganese 
and  other  driers. 

Another  portion  of  the  original  vehicle  may  be  evaporated  in  an  atmosphere 
of  COs  (prevents  oxidation)  to  remove  the  volatile  constituents.  A  portion  of  the 
oil  residue  mav  then  be  examined  for  iodine  number  and  other  constants.  In  some 
instances  it  would  be  advisable  to  make  a  saponification  and  extraction  of  the 
fatty  acids  from  this  residue,  determining  the  iodine  number  on  the  fatty  acids. 

Water.  For  a  direct  determination  of  the  percentage  of  water  in  a  paint,  the 
analyst  may  place  a  weighed  quantity  (approximately  100  grams)  of  the  paint  in 
a  metal  still,  mixing  it  with  an  equal  quantity  of  sand.  Distillation  will  drive  off 
the  water  and  other  volatile  constituents  which  will  separate  into  two  layers  in  the 
graduate. 

Direct  Distillation  for  Volatiles.  For  a  direct  determination  of  the  volatile 
constituents  in  a  paint,  a  sample  may  be  distilled  in  vacuo.  This  is  easily  managed 
wherever  a  vacuum  pump  is  available  and  avoids  the  necessity  of  overheating  the 
oil.  When  distilling  by  this  method,  a  sample  of  the  clear  vehicle  from  a  settled 
paint,  in  order  to  obtain  the  fixed  oils  for  analysis,  it  should  not  be  heated  above 
150**  C.  and  neither  should  the  solvent  be  volatilized  in  such  a  way  as  to  allow  the 
oil  to  be  in  contact  with  air,  as  it  will  oxidize  rapidly  while  warm  and  its  iodine 
number  be  very  much  lowered.  The  volatile  may  also  be  separated  by  steam  dis- 
tillation. 

Detection  of  Resinates.  To  determine  whether  the  drier  in  a  paint  is  of  the 
resinate  type  or  linoleate  type,  a  few  drops  of  the  oil  vehicle  may  be  mixed  on  a  por- 
celain plate  with  one  or  two  drops  of  acetic  anhydride,  subsequently  adding  a 
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drcjp  of  sulphuric  acid.  Upon  the  addition  of  the  sulphuric  acid,  a  flash  ol  pmpk 
color,  turning  to  dark  brown,  will  be  shown  where  rosin  is  present.  If  rosin  should 
be  present  in  the  vehicle  to  a  considerable  extent,  the  oil  will  have  a  very  high  ftdd 
number.  The  approximate  percentage  of  rosin  present  may  be  determined  bf 
shaking  a  portion  of  the  vehicle  with  95%  alcohol  in  a  separator^'  funnel,  sib- 
Kequently  separating  the  alcoholic  extract,  evaporating  and  weighing  the  raodoe. 

Detection  of  Various  Oils.    Chinese  wood  oil  may  be  detected  in  the  vehide 
by  mixing  the  oil  with  an  equal  volume  of  a  saturated  solution  of  iodine  in  petro- 
leum ether,  allowing  the  mixture  to  stand  in  direct  sunlight.     Under  these  condi- 
tions, a  peculiar,  insoluble,  spongy  polymer  of  one  of  the  fatty  acids  €i  ChiDoe 
wood  oil  is  shown.    FLsh  oil  can  usually  be  detected  by  its  odor  and  the  dark  red 
color  during  saponification.    The  presence  of  soya  bean  and  other  vegetable  oik 
is  in  some  ca.ses  difficult  to  detect.    The  iodine  numbers  of  these  oils,  however,  IR 
all  lower  than  that  of  linseed  oil.    It  must  be  remembered,  however,  that  the 
iodine  number  of  boiled  lin.seed  oil  is  lower  than  that  of  raw  oil  and  that  the  iodine 
number  of  oils  extracted  from  many  paints  is  usually  lower  than  shown  by  the 
original  oil.    In  the  pre^^ence  of  considerable  quantities  of  drier,  it  is  tlwayi 
ad\isable  to  extract  the  fatty  acids  from  oil  and  make  the  iodine  determinatioo 
upon  them. 

The  distillate  from  the  paint  vehicle  may  consist  of  turpentine,  mineral  dis- 
tillates, ben2ol  and  similar  solvents.  The  presence  of  benzol  is  readily  detected 
by  adding  a  few  droi)s  of  the  distillate  to  a  small  quantity  of  a  mixture  of  eon- 
centrated  nitric  and  sulphuric  acids.  Upon  heating  this  mixture,  the  cluncter- 
istic  odor  of  nitro-bcnzol  will  be  recognized  if  benzol  is  present.  Minend  d»- 
tillates  from  petroleum  are  easily  detected  by  the  polymerisation  method  fpi^ 
under  the  Examination  of  Turpentine. 
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Although  lin.seed  oil  is  used  to  the  greatest  extent  in  paints,  some  other  oik 
find  use  in  tlie  manufacture  of  special  paints.  The  following  have  been  used 
for  this  purpose:  soya  l)ean,  p)erilla,  corn,  cottonseed,  sunflower,  lumbang,  ui 
similar  vegetable  oils;  menhaden,  herring,  and  similar  marine  animal  oils  of  rrifr 
tively  high  iodine  nunilxT.  All  of  the  above  named  oils  may  be  analy.ed  by 
api)lying  the  test  for  specific  gravity,  acid  numlx?r,  saponification  number,  un- 
saponifiable  matter,  and  refractive  index,  as  outlined  for  the  anal>'sis  of  Chinese 
w(jod  oil.  Th(»  iodine  nunilx*rs  of  these  oils  are,  however,  better  determined  with 
lianus  solution,  according  to  the  following  method: 

Iodine  Number.  W(Mgh  in  a  small  glass  capsule  from  0.2  to  0.3  gram  of  oil. 
transfer  to  a  50()-cc.  Ixjttle  having  a  well-ground  stopper,  dissolve  the  oil  m  10  fc. 
of  chloroform  and  add  30  cc.  of  Hanus  solution;  let  it  stand  \^'ith  occasional  shak- 
ing for  one  hour,  add  10  cc.  of  a  10  per  cent  solution  of  potassium  iodide  and  150 
or.  of  water,  and  titrate  with  standard  sodium  thiosulphate,  using  starch  as  indi- 
cator. Blanks  must  l)e  run  each  time.  From  the  difference  between  the  amounts 
of  s(jdiuni  thiosulphate  reciuired  by  the  blanks  and  the  determination,  calculate 
the  iodine  numl)er  Ccentigranis  of  iodine  to  1  gram  of  oil).  The  iodine  number  of 
raw  linseed  c»il  vari(\s  from  175  to  103.  Make  the  Hanus  solution  by  dissolvinS 
13.2  grams  of  iodine  in  1000  cc.  of  glacial  acetic  acid  which  will  not  reduce  chromic 
cid,  and  adding  3  cc.  of  bromine. 
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Analysis  of  Chinese  Wood  Oil  (Tung  Oil) 

The  analysis  of  Chinese  wood  oil  requires  the  application  of  several  tests  not 
used  for  the  examination  of  other  oils.  There  is  presented  herewith  a  complete 
outline  for  determining  not  only  the  regular  constants  of  oils,  but  the  additional 
tests  that  have  been  adopted  for  the  identification  of  pure  tung  oil.  These  tests 
constitute  the  recommended  methods  of  Sub-Conmiittee  III  of  Committee  D-1 
of  the  American  Society  for  Testing  Materials,  of  which  one  of  the  writers  is 
chairman. 

Specific  Gravity.  Use  a  pyknometer  accurately  standardized  and  having  a 
capacity  of  at  least  25  cc,  or  any  other  equally  accurate  method,  making  the 
test  at  IS^'.S  C,  water  being  1  at  IS^'.S  C. 

Acid  Number.  Weigh  10  grams  of  oil  in  a  200-cc.  Erlenmeyer  flask,  add 
50  cc.  of  neutral  alcohol,  connect  with  a  reflux  air  condenser  (or  place  small 
funnel  in  neck  of  flask),  and  heat  on  a  steam  bath  for  one-half  hour.  Remove 
from  the  bath,  cool,  add  phenolphthalein,  and  titrate  the  free  acid  with  N/5 
sodium  hydroxide.  Calculate  as  the  acid  number  (milligrams  of  potassium 
hydroxide  to  1  gram  oil). 

Saponification  Number.  Weigh  from  2  to  3  grams  of  oil  in  a  200-cc.  Erlen- 
meyer flask,  add  30  cc.  of  a  N/2  alcoholic  solution  of  potassium  hydroxide,  connect 
with  a  reflux  condenser,  heat  on  a  steam  bath  for  one  hour,  then  titrate  with  N/2 
sulphuric  acid,  using  phenolphthalein  as  indicator.  Always  run  two  blanks  with 
the  alcoholic  potash.  From  the  difference  between  the  number  of  cc.  of  acid 
required  by  the  blanks  and  the  determinations,  calculate  the  saponification 
number  (milligran^s  of  potassium  hydroxide  to  1  gram  of  oil). 

Unsaponifiable  Matter.  To  25  grams  of  oil  add  15  cc.  of  an  aqueous  solution 
of  KOH  (200  grams  of  KOH  dissolved  in  water  and  made  up  to  300  cc.)  and  35 
cc.  of  95%  alcohol.  Connect  with  a  reflux  condenser  and  heat  on  the  water 
bath  for  one  hour  with  occasional  shaking.  Transfer  to  a  separatory  funnel  con- 
taining a  little  water  and  wash  out  flask  with  water,  using  in  all  125  cc.  Cool, 
add  200  cc.  of  ether  and  shake  vigorously  for  one  minute.  In  a  few  minutes  the 
ether  solution  will  separate  perfectly  clear.  Draw  off  the  soap  solution  into 
another  separatory  funnel.  Shake  the  soap  solution  with  three  100-cc.  portions 
of  ether.  Unite  all  the  ether  portions  and  wash  with  three  30-cc.  portions  of 
water.  Filter  the  ether  solution  (small  portions  at  a  time)  into  a  tared  flask, 
distill  off  the  ether  and  dry  flask  and  contents  to  constant  weight  at  95  to  100®  C. 
in  a  steam  oven.    Report  the  percentage  of  unsaponifiable  matter. 

Refractive  Index.  Use  a  properly  standardized  Abb6  refractometer  at  25®  C. 
or  any  other  equally  accurate  instrument. 

Iodine  Number  (Hiibl).  Place  a  small  quantity  of  oil  into  a  small  weighing 
bottle  or  beaker.  Weigh  carefully.  Transfer  by  dropping  from  0.2  to  0.3  gram 
to  a  500-cc.  bottle  having  a  well-ground  stopper,  or  a  specially  flanged  neck, 
iodine-test  Erlenmeyer  flask.  Reweigh  the  weighing  bottle  or  beaker  to  deter- 
mine the  amount  of  oil  used  in  the  test.  Then  dissolve  the  oil  in  10  ce.  of  chloro- 
form and  add  an  amount  of  Iliihl  solution  containing  twice  the  amount  of  iodine 
that  will  be  absorbed  by  the  oil.  Stopper  the  flask,  shake  well,  and  place  in  a 
dark  closet  for  eighteen  hours.  Add  10  cc.  of  a  10%  solution  of  potassium 
iodide  and  1 00  cc.  of  distilled  water.  Titrate  with  N / 1 0  sodium  thiosulphate,  using 
starch  as  an  indicator.    Blank  tests  must  be  made.    From  the  difference  between 
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the  amounts  of  sodium  thiosulphate  required  by  the  blanks  and  the  determination, 
calculate  the  iodine  number  (centigrams  of  iodine  to  1  gram  of  oil). 

On  account  of  the  fact  tliut  Hubl  solution  after  preparation  is  apt  to  deteri- 
orate in  strength,  it  is  considered  advisable  to  have  prepared  the  two  component 
parts  of  Iltibl  solution,  namely,  a  solution  of  mercuric  chloride  in  alcohol  andi 
solution  of  iodine  in  alcohol,  of  the  proi)er  strength,  as  outlined  in  text-books. 
The  proper  amounts  of  these  solutions  nuiy  lye  mixed  on  the  day  of  use. 

Heating  Test  (Browne's  Method).  Test-tubes  for  containing  the  oil  should 
be  1()  cm.  by  15  mm.,  with  a  mark  near  the  bottom  to  indicate  5  cc,  and 
closed,  by  a  cork  so  perforated  that  a  glass  rod  3  mm.  in  diameter  can  move 
1  je\y. 

Fill  a  copjxjr  beaker  (height  12  cm.;  internal  diameter,  6  cm.)  with  cotton- 
seed oil  to  a  height  of  7.5  cm.  Place  a  thcnuometer  so  as  to  be  1.5  cm.  froa 
the  bottom  of  the  bath. 

Use  a  nitrogeu-filled,  iimnersed-stcm  chemical  thermometer,  engraved  stem; 
total  length  4  to  4 J  ins.;  graduated  from  210  to  310**  C.  in  2®  intervals;  the  length 
between  210  and  310**  C.  not  less  than  2 J  ins.  If  preferred,  use  emergcnt-^tcn 
thermometer  30  cm.  long,  with  graduations  from  ICX)  to  400**  C,  making  cor- 
rection for  ciiiergent  stem  according  to  the  method  outlined  in  Stem  Correction 
Sheet  No.  44  of  the  U.  S.  Bureau  of  Standards. 

\\'hen  the  bath  temperature  is  293^  C.  (560^  F.)  and  very  slowly  rising  at 
this  point,  yAiico.  tlie  tube  containing  5  cc.  of  the  oil  to  be  tested  so  that  its  bottom 
is  level  with  the  lowi^st  part  of  the  bulb  of  the  thermometer.  Note  the  tiiiw. 
remove  the  source  of  heat  for  al)out  forty-five  seconds  and  then  reapply.  Before 
two  minutes  have  elapsi^l  the  temi)eniture  of  the  bath  will  have  fallen  to  282®  C 
(540°  F.),  at  which  i)oint  it  should  be  kept  jis  steady  as  possible.  When  the  wo^xl 
oil  has  been  in  the  bath  about  nine  minutes,  niise  the  glass  rod  at  in<erval>  <»f 
one-lialf  minute,  and  wh(;n  tlie  rod  is  firmly  set  note  the  time.  As  setting  or  jelly- 
ing takes  place  within  a  f(?w  seconds  of  fluidit\',  a  good  end-determination  is 
afforded.  Keniovi*  tli(^  specimen  at  once,  heat  the  bath  again  to  293®  C,  and 
repeat  the  experiment  with  another  ixortion  of  the  sample. 

No  stirrer  is  used  in  the  bath.  A  screen  around  the  bath  enables  the  tem- 
jxTature  to  b(^  more  easily  reached.  When  the  cotton-seed  oil  has  become  tarn' 
and  viscid,  it  should  Ix*  renewed;  otherwise  heating  may  Ix*  irregular. 

Iodine  Jelly  Test.  In  a  wide-necked  200-cc.  Erlemneyer  flask,  place  2.o 
grams  (weight  correct  to  1  milligram)  of  the  oil.  Add  10  cc.  of  chlon»fonn  from 
a  pipc^tte  and  stopper  th(^  flask  inmiediately.  Careiully  insert  a  small  glass  vwl 
into  the  flask  so  that  the  vial  stands  ui)right.  Into  the  vial  from  a  pipette  nm 
10  cc.  of  a  solution  of  iodine  in  chloroform,  containing  0.035  to  O.Olifi  grani  of 
iodine  jmt  cc.  Phice  the  flask  in  a  bath  containing  watrr  at  25  to 20**  Cand 
allow  it  to  stand  there  f ( >r  a  few  minutes.  Keep  the  flask  stoppered,  except  when  it 
is  necessary  to  remove*  stnpjMT  to  ins(*rt.  the  vial  and  to  add  the  iodine ^o hit idi. 
Tilt  and  rotate  th(»  fhisk  so  that  the  vial  is  ui)set  and  the  ccmtents  of  the  fck 
are  thoroughly  mixed,  at  the  same  time  starting  a  stop-watch.  Keep  the  fla^k 
in  the  bath  at  25  to  2(\°  C.  and  at  the  end  of  ever>''  quarter  nnnute  tilt  the  iia.*k 
towards  a  horizontal  ])osition.  Note  the  time  reciuired  for  the  fonnatiun  if  a 
jellv  that  does  not  flow,  but  sticks  to  the  bottom  of  the  flask  or  slides  as  an^i^"'- 
Record  time  in  minutes  and  (luarters  thereof.  Pure  Chinese  wchhI  oil  should 
require  2 J  to  3  J  minutes  for  the  fonnation  of  the  jelly.  If  the  temperature  of  the 
laboratorv  is  more  than  2  or  3"  C.  above  or  below  25*^  C,  place  the  flask  contait^ 
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ing  the  iodine  solution  in  the  bath  and  allow  it  to  remain  there  for  several  minutes 
before  pipetting  out  the  10  cc.  for  the  test. 

A  convenient  procedure  for  preparing  the  iodine  solution  is  as  follows: 
Treat  an  excess  of  iodine  with  warm  chloroform  and  after  shaking  for  a  few 
minutes  cool  the  contents  to  about  20°  C.  and  filter  through  glass  wool.  Pipette 
10  cc.  of  the  solution  into  a  flask  containing  10  cc.  of  10%  potassium-iodide 
solution  and  titrate  with  0.1  normal  sodium-thiosulphate  solution.  Calculate 
the  iodine  content  and  dilute  with  chloroform  so  as  to  obtain  an  iodine  content 
of  0.035  to  0.036  gram  per  cc.  After  dilution,  titrate  again  against  the  thio- 
sulphate  to  be  sure  that  the  solution  is  of  required  strength. 

All  the  details  of  the  above  method  must  be  followed  exactly. 

The  chloroform  used  to  dissolve  the  oil  and  to  prepare  the  iodine  solution  must 
conform  to  the  requirements  of  the  U.  S.  Pharmacopa  ia  and  must  have  a  specific 
gravity  at  25/25°  (>.  of  not  more  than  1.481  and  not  less  than  1.480.  The  proper 
density  can  be  obtained  by  washing  with  water  if  the  specific  gravity  is  too  low, 
or  by  adding  95%  ethyl  alcohol  if  too  high. 

Standards  for  Chinese  Wood  Oil,  A.  S.  T.  M. 

Raw  Chinese  \^:ood  oil  should  conform  to  the  following  requirements: 

Mnximum.  Minimum. 

Specific  gravity  at  l-L^  C 0.943  0.939 

Acid  number 6 

Saponification  number 195  190 

Unsaponifiable  matter,  i)er  cent 0 .  75 

Refractive  index  at  25°  C 1.520  1.515 

Iodine  number  (Hubl  eighteen  hours) 165 

Heating  test  (Browne's  method),  minutes 12 

Iodine  jelly  test,  minutes 4 

Constants  of  Various  Oils.  The  constants  exhibited  by  some  of  the  semi- 
drying  and  drying  oils  that  have  been  used  by  one  of  the  writers  (Gardner)  in 
making  paints  and  paint  tests  are  shown  below.  There  are  also  given  here- 
with the  standards  for  raw  and  boil  d  linseed  oil  pressed  from  North  American 
seed.  Similar  oils  expressed  from  South  American  seed  will  generally  show  like 
constants,  except  for  the  iodine  number,  which  will  generally  range  from  170 
to  180, 
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Constants  of  Various  Oils 


Raw  Linseed  Oil 

Soya  Bean  Oil 

Menhaden  Oil 

Raw  Tung  Oil 

Perilla  Oil. 

Porilla  ^^pecial. 

Heavy  Bodied  Linseed  Oil 
Lithographic  Linseed  Oil . 

Whale  Oil 

Boiled  Linseed  Oil 

(Linoleate  Drier) 

Com  Oil 

Cottonseed  Oil 

Rosin  Oil 

Treated  Tung  Oil » 

Lumbang  Oil. 

Sunflower  Oil 

Hempseed  Oil 

Shark  Oil 

Sardine  Oil 

Petroleum  Mixing  Oil. .  .  . 

Boiled  Linseed  Oil 

(Resinate  Drier) 
Peanut  Oil 


Sp.  Gr. 


Iodine  No. 


.931 
.924 
.932 

044 
.94 
.94 
.968 
.97 
.924 
.941 

.921 
.920 
.964 
.882 
.927 
.924 
.927 
.910 
919 
851 
936 

932 


183 
129 
158 
166 
200 
192 
133 
102 
148 
172 

124.8 

111.7 

68.9 

56.4 

152 

124.6 

149.4 

132.8 

134.6 

28.2 

184.2 

102.2 


Sapon.  No. 


188 
189 
187 
183 
188 
189 
189 
199 
191 
187 

190.1 
194.3 

35.5 
101.3 
189 
189.3 
191.1 
158.9 
177.3 

5>.9 
187.6 

188.0 


Acid  No. 


Refrae. 
Index. 


2.0 
2.3 
3.9 
3.8 
2.0 
3.2 
2.8 
2.7 
9.2 
2.7 


1.4867 
1.4813 
1.4850 
1.5050 
1.4874 
1.4978 
1.4966 
1.4978 
1.4820 
1.4895 


4.1 

1  1.4800 

0.9 

1.4781 

32.4 

7.7 

i.478i 

1.0 

1.4789 

7.5 

1.4796 

3.9 

1.4822 

5.2 

1.4815 

10.4 

1.4800 

1.1 

1.4773 

7.3 

1.4885 

2.2 

1.4790 

Boiled  linseed  oil  from  North  American  seed  should  confonn  to  the  foUowinK 
requirements,  A.  S.  T.  M.: 

Maximum.  Minimum. 

Specific  gravity  at  ~'~C 0.945  0.937 

Xt)   .O 

Acid  number 8 

Saponification  number 195  189 

Unsai)onifiable  matter,  per  cent 1.5 

Refractive  index  at  25^  C 1 .484  1 .479 

Iodine  number  (Hanus) 178 

Ash,  percent 0.7  0.2 

Manganese,  per  cent 0 .  03 

Calcium,  per  cent 0.3 

Lead,  per  cent 0.1 

Raw  linseed  oil  from  North  American  seed  should  confonn  to  the  following 

i*equirements,  A.  S.  T.  M.: 

Maximum.  Minimum. 

Specific  gravity  at  J-|^  C 0.936  0.932 

or 

Specific  gravity  at  =^  C 0.931  0.927 

Acid  numl)er 6.00  

Saponifiation  number 195  189 

I'nsiiponifiable  matter,  per  cent 1 .50  

Refractive  index  at  25°  C 1 .4805  1 .4790 

Iodine  numl)cr  (Hanus) 180 

»  Contained  30%  volatile  matter,  largely  high  boiling-point  petroleum  spirits. 
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Examination  of  Turpentine 

Recommended  Methods  of  the  A.  S.  T.  M. 

Color.  Fill  a  200-mm.,  perfectly  flat-bottom  colorimetric  tube  graduated  in 
millimeters  to  a  depth  of  from  40  to  50  mm.  with  the  turpentine  to  be  examined. 
Place  the  tube  in  a  colorimeter  and  place  on  or  under  it  a  No.  2  yellow  Lovibond 
glass.  Over  or  under  a  second  graduated  tube  in  the  colorimeter,  place  a  No.  1 
yellow  Lovibond  glass  and  run  in  the  same  turpentine  until  the  color  matches 
as  nearly  as  possible  the  color  in  the  first  tube.  Read  the  difference  in  depth 
of  the  turpentine  in  the  two  tubes.  If  this  difference  is  50  mm.  or  more  the 
turpentine  is  "  Standard  "  or  better. 

Specific  Gravity.  Deterir.ine  specific  gravity  at  any  convenient  temperature 
'with  a  plummet,  the  displacement  of  which  has  been  accurately  determined  for 
that  temperature,  or  by  an  equally  accurate  method,  using  the  factor  0.00082 
for  each  degree  centigrade  that  the  temperature  of  determination  differs  from 
15°.5  C. 

Refractive  Index.  Determine  refractive  index  at  any  convenient  tempera- 
ture with  an  accurate  instrument,  and  calculate  the  results  to  15**.5  C,  using  the 
factor  0.00045  for  each  degree  that  the  temperature  of  determination  differs  from 
15°.5  C. 

Distillation.  Use  an  ordinary  Engler  flask  and  condenser,^  and  heat  the 
:^ask  by  placing  it  in  a  glycerine  or  oil  bath  of  the  general  type  described  in 
Sulletin  No.  135,  Bureau  of  Chemistry.  Fit  the  flask  with  a  thermometer  reading 
:f  rom  145  to  200®  C.  in  such  a  way  that  the  mercury  bulb  shall  be  opposite  the 
oide  tube  of  the  flask  and  the  175®  mark  below  the  cork.  Place  100  cc.  of  the 
turpentine  to  be  examined  in  the  flask,  connect  with  the  condenser,  insert  stopper 
l)earing  thermometer,  and  heat  until  distillation  of  the  turpentine  begins.  Con- 
duct the  distillation  so  that  the  distillate  passes  over  at  the  rate  of  2  drops  per 
sBecond.  Note  the  initial  distilling  temperature  and  the  percentage  distilling 
l)elow  170®  C. 

Polymerization.  Place  20  cc.  of  exactly  38/N  (100.92  per  centj)  sulphuric  acid 
in  a  graduated,  narrow-neck  Babcock  flask,  stoppered,  and  place  in  ice-water 
«vnd  cool.  Add  slowly  5  cc.  of  the  turpentine  to  be  tested.  Gradually  mix  the 
contents,  cooling  from  time  to  time,  and  not  allowing  tKe  temperature  to  rise  above 
«bout  60®  C.  When  the  mixture  no  longer  warms  up  on  shakjng,  agitate  thor- 
oughly and  place  the  bottle  in  a  water  bath  and  heat  from  60  to  65®  C.  for  about 
ten  minutes,  keeping  the  contents  of  the  flask  thoroughly  mixed  by  vigorous 
shaking  five  or  six  times  during  the  period.  Do  not  stopper  the  flask  after  the 
turp)entine  has  been  added,  as  it  may  explode.  Cool  to  room  temperature,  fill 
the  flask  with  concentrated  sulphuric  acid  until  the  unpolymerized  oil  rises  into 
the  graduated  neck.  Centrifuge  at  obout  1200  R.P.M.  from  four  to  five  minutes, 
or  allow  to  stand  for  twelve  hours.  Read  unpolymerized  residue,  notice  its  con- 
sistency and  color,  and  determine  its  refractive  index. 

*  Stillman,  "  Engineering  Chemistry,"  p.  603. 
«4%  free  SO,. 
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Standards  for  Turpentine,  A.  S.  T.  M. 

Turpentine  should  be  clear  and  free  from  suspended  matter  and  water,  and 
should  confonn  to  the  following  requirements: 

The  color  sLoll  be  "  Standard  "  *  or  better. 

The  specific  gravity  shall  be  not  less  than  0.862  nor  more  than  0.872  at  15°.5C. 

The  refractive  index  at  15®. 5  C.  shall  be  not  less  than  1.468  nor  more  than 
1.478. 

The  initial  boiling-point  shall  be  not  less  than  150  nor  more  than  160®  C. 

Ninety  por  cent  of  the  turpentine  shall  distill  below  170**  C. 

The  polymerization  residue  shall  not  exceed  2%  and  its  refractive  index  at 
15°.5  C.  shall  not  be  less  than  1.500. 


ANALYSIS  OF  VARNISH 

The  testing  of  vamLsh  should  largely  be  of  a  physical  nature.  Such  properties 
as  odor,  consistency,  clarity,  flowing,  time  of  drying,  character  of  finish,  hard- 
ness, resistimce  to  moisture  and  abrasion,  elasticity,  etc.,  point  out  the  real  value 
of  a  vamLsh.  Chemical  tests  that  give  additional  information,  sometimes  of  a 
valuable  nature,  are  as  follows:  Flash  point,  acid  numbsr,  ash,  character  of  sol- 
vent, fixed  oil  and  reshis. 

Flash  Point.  A  nickel  or  iron  crucible  of  60  mm.  diameter  and  40mm.  bdgttt 
is  filled  with  the  varnish  to  within  20  mm.  of  the  top.  It  is  then  supported  in  a 
water  bath  in  such  a  manner  as  to  be  about  two-thirds  immersed  in  the  water. 
The  wat<?r  should  be  from  15°  to  20°  C.  at  the  start  and  should  be  heated  slowly 
so  that  the  temperature  of  tho  varnish,  as  indicated  by  a  thermometer  suspended 
in  it,  will  show  a  rise  of  :ii)out  1  degree  per  miimte.  Test  for  flash  at  each  half 
degree,  using  a  very  small  flame. 

Acid  Number.  Ten  to  20  grams  of  the  varnish  are  w^eighed  into  a 
Erleumeyor  flask,  50  cc.  neutral  alcohol  added,  and  a  small  fumiel  inserted  in  the 
neck.  Heat  on  the  water  bath  for  one-half  hour,  with  occasional  shaking.  Alio* 
to  cool  somewhat,  add  two  dro|)S  of  phenolphthalein  indicator  and  titrate  vith 
tenth-normal  ])()tassiuni  liydroxide  solution.  The  acid  number  is  the  number  of 
milligrams  of  KOll  re(iuired  to  neutralize  each  gram  of  the  varnish. 

Ash.  Weigh  ill  a  porcelain  or  fused  silica  crucible  several  grams  of  the  varnish- 
Burn  off  over  a  small  Bunsen  flame,  using  great  caution  to  avoid  boiling  over  and 
spatterhig.  When  all  combustible  matter  is  destroyed,  weigh  the  ash  and  if 
desired  analyze  it. 

Solvent.  Steam  distillation  of  a  portion  of  the  varnish  will  remove  the  sol- 
vents, leaving  a  residue  of  fixed  oils  and  vamLsh  resins,  wliich  may  be  weigjirf 
after  driving  off  the  water.  The  distillate  should  be  examined  as  recommended 
under  Methods  for  the  Examination  of  Turpentine.  The  amount  of  minewl 
spirits  and  turpentine  may  thus  bo  determined. 

Fixed  Oils  an  1  Resins.  1  n  the  al)ove  determination,  the  total  amount  of  fixfd 
oils  and  resins  is  obtained.    It  is  a  difficult  matter,  however,  to  determine  the  exact 

*  The  ivnn  ''  Standard  "  refers  to  the  color  recognized  as  stamlard  by  the  "  Na\'ai 
Stores  rnuie."  Turiieiitine  is  of  *'  Standard  "  color  when  a  depth  of  50  mm.  in  a  per- 
fectly flat  i)olished  bottom  tube,  ai)i)roxiniately  matches  a  No.   1  yellow  lx>vibond 

glass. 


PAINT   AND   PAINT  PIGMENTS  619 

X)ercentage  and  character  of  resins  that  have  been  used  in  the  manufacture  of  the 
vaniish.  This  is  due  to  the  fact  that  during  the  process  of  heating  oils  in  the 
presence  of  resins  many  intricate  chemical  changes  are  brought  about,  a  con- 
siderable portion  of  the  resins  being  distilled  off  in  the  form  of  vapors  and  com- 
binations of  the  oil  brought  about  that  arc  difficult  of  separation.  One  of  the  best 
methods,  however,  of  separating  the  fixed  oils  and  varnish  resins  is  carried  out  in 
the  following  manner. 

A  portion  of  about  a  half  ounce  of  the  varnish  resin  should  bo  placed  in  a  300-cc. 
tared  beaker.  There  should  then  be  added  about  200  cc.  of  ice-cold  petroleum 
ether  and  the  beaker  should  be  covered  and  allowed  to  stand,  preferably  in  a  dish 
containing  ice.  In  an  hour's  time  the  resinous  ingredients  will  be  found  precipi- 
ta  ed  at  the  bottom  of  the  beaker  or  adhering  to  the  side  thereof  (with  the  ex- 
ception of  rosin,  which  is  largely  soluble  in  petroleum  ether).  The  precipitated 
resins  should  be  washed  with  fresh  portions  of  cold  petroleum  ether  two  or  three 
times,  pouring  the  decanted  portions  into  a  large  bottle.  The  combined  portions  of 
petroleum  ether  may  then  be  filtered  through  a  tared  filter,  adding  by  the  aid 
of  a  stirring  rod  the  resins  contained  in  the  beaker.  The  filter  paper  and  the  beaker 
with  the  resins  may  then  be  dried  at  100°  C.  and  weighed.  The  combined  filtrates 
may  be  distilled  to  obtain  the  fixed  oil  which  may  be  examined  for  constants. 
(This  fixed  oil  may  contain  rosin.)  The  amount  of  rosin  contained  in  a  varnish 
may  be  roughly  ascertained  by  thoroughly  shaking  in  a  scparatory  funnel  a  portion 
of  the  varnish  with  a  large  quantity  of  absolute  alcohol.  The  rosin  may  be  ol)- 
tained  by  evaporation  of  the  alcoholic  extracts.  The  fixed  oils  after  oxidation  or 
polymerization,  as  caused  by  the  heating  of  the  varnish  during  manufacture,  are 
not  readily  soluble  in  alcohol. 

Separation  of  Polymerized  Oils  and  Resins.  In  the  making  of  varnish,  some 
oils  become  oxidized  or  polymerized  to  a  condition  resembling  resins.  For  instance, 
when  a  varnish  is  examined  for  resins  by  the  above  method,  it  will  often  be  found 
that  a  considerable  amount  of  matter  insoluble  in  petroleum  ether  will  be  obtained 
even  when  hard  resins  are  absent.  The  iasoluble  substance  is  oxidized  or  polym- 
erized oil.  It  may  be  differentiated  from  varnish  resins  by  the  fact  that  it  is 
readily  saponified  by  alcoholic  potash.  The  following  method  by  Boughton 
(Technologic  Paper  No.  65,  U.  S.  Bureau  of  Standards),  though  hivolving  consider- 
able work,  is  probably  the  most  accurate  method  for  the  separation  of  polymerized 
oils  and  resins. 

To  about  4  grams  of  vaniish  in  a  flask  add  about  25  cc.  of  water  and  boil  until 
the  volume  is  about  10  cc.  This  removes  nearly  all  of  the  volatile.  Add  25  cc. 
half  normal  alcoholic  potash  and  25  cc.  benzol  and  boil  under  a  reflux  condenser 
for  one-half  hour.  Evaporate  the  solution  to  about  15  cc.  and  add  about  10  cc. 
of  alcohol.  Transfer  completely  to  a  scparatory  funnel,  washing  the  flask  with 
water  and  ether  and  using  a  policeman  if  iieccssarj-.  Dilute  with  water  to  about 
100  cc,  add  ICX)  cc.  of  ether,  and  shake.  Add  a  few  cc.  of  alcohol  if  necessary  to 
make  the  layers  separate.  Draw  off  the  acjueous  layer  and  wash  the  ether  three 
times  with  water  and  transfer  to  a  tared  flask  for  future  use. 

To  the  combined  soap  solution  and  washings,  add  an  excess  of  hydrochloric 
acid  and  extract  twice  with  50  cc.  of  ether.  Discard  the  acfueous  layer,  wash 
the  combined  ether  extracts  with  water,  transfer  to  a  flask  and  distill  off  the 
ether.  To  the  dry  residue  add  20  cc.  of  absolute  alcohol  and  20  cc.  of  a  mixture 
of  1  volume  of  sulphuric  acid  and  4  volumes  of  absolute  alcohol  and  boil  for  two 
minutes  under  a  reflux  condenser.     Completely  traasfcr  the  contents  of  the  flask 
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to  a  separatory  funnel,  washing  the  flask  with  water  and  ether.  Add  lUU  cc. 
ether  and  after  agitation  add  100  cc,  of  10  per  cent  sodium  chloride  solutioD  and 
again  shake.  Draw  off  the  aqueous  layer,  extract  it  with  50  cc.  of  ether,  combine 
the  ether  solutions  and  wash  with  water.  Add  50  cc.  of  a  fifth-normal  potafisiam 
hydroxide  solution  and  10  cc.  of  alcohol,  shake  and  draw  ofif  the  lower  layer  into 
a  second  funnel.  Wash  the  ether  layer  with  50  cc.  of  water  containing  5  cc.  of 
the  potassium  hydroxide  solution  and  5  cc.  of  alcohol. 

Extract  the  combined  aqueous  portions  with  two  50  cc.  portions  of  ether  and 
finally  wash  the  combined  ether  solutions  (containing  the  ethyl  esters  of  the  fat^ 
acids)  with  water. 

Distill  off  the  ether  and  boil  the  residue  with  25  cc.  of  half-normal  alcoholie 
potash  for  one-half  hour  under  a  reflux  condenser.  Transfer  completely  to  a  aepr 
ratory  funnel  and  extract  the  soap  four  times  with  ether.  Wash  the  comhiDed 
ether  solution  twice  with  water  and  add  it  to  the  first  ether  solution  of  unss^xHii- 
fiable  matter  obtained. 

Unite  the  solution  and  washings  containing  the  soaps,  add  an  excess  of  hydro- 
chloric acid,  and  extract  twice  with  ether.  Transfer  to  a  tared  flask  the  combined 
ether  solutions,  after  washing  them  with  water,  distill  off  the  ether,  dry  the  residue 
to  constant  weight  at  1 10®  C.  and  weigh  as  "  fatty  acids." 

Report  the  percentage  of  fatty  acids  as  percentage  of  oil  and  calculate  the 
percentage  of  resin  by  difference. 


OTHER  MATERIALS 

For  detailed  mctliods  other  than  those  given  in  this  work,  for  the  examinatxm 
of  shellac,  rcsiiL<»,  bitumens  and  other  raw  materials  of  the  vehicle  portion  of  paints 
and  varnishes,  the  following  references  may  be  consulted: 

Proceedings  of  the  American  Society  for  Testing  Materials  (Committee  D-1), 
1910-15. 

Analysis  of  Paints  and  Varnishes.  Gardner  and  Schaeffer.  McGraw-Hill 
Book  Co.,  New  York. 

Manufacture  of  Varnishes.  Livache  and  Mcintosh.  Vols.  I-III.  Scott 
Greenwood  &  Son,  London. 


I 
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THE   ANALYSIS    OF    PAINT    PIGMENTS 

The  vehicle  having  been  extracted  from  the  paint  under  examination,  by  the 
previously  outlined  methods,  the  pigment  is  left  ready  for  analysis.  The  pig- 
ment can  be  readily  classified  under  one  of  the  following  heads  by  its  color,  thus 
shortening  any  preliminary  examination.  Many  of  the  colors  have  a  white  base 
which  necessitates  a  determination  of  both  the  colored  portion  of  the  pigment 
and  any  white  base  which  may  have  been  used. 

The  general  analysis  of  colored  pigments  is  carried  out  according  to  the  specific 
method  outlined  for  the  individual  colored  pigments,  together  with  the  methods 
for  a  composite  white  paint,  provided  a  qualitative  examination  does  not  directly 
reveal  the  identity  of  the  pigment. 

The  pigments  used  in  the  manufacture  of  paints  are  classified  as  follows,  in 
certain  instances  the  trade  names  being  given  by  which  the  particular  pigments 
are  known. 

White  Pigments 

Lead  Pigments 

Sublimed  White  Lead — Basic  Sulphate  of  Lead — Basic  Sulphate — ^White  Lead. 
Corroded  White  Lead — Basic  Carbonate  of  Lead. 

Old  Dutch  Process  White  Lead. 

Quick  Process  White  Lead. 

Mild  Process  White  Lead. 
Zinc  Lead. 
Leaded  Zinc. 

Zinc  Pigments 

Zinc  Oxide — Zinc  White. 

Lithopone — Ponolith — Beckton  White — Charlton  White — Orr's  White. 

Silica  Pigments 

Silica — Silex. 

Asbestine — Talcose. 

China  Clay — Kaolin — ^Tolamite. 

Calcium  Pigments 

Whiting— Paris  White— Chalk— Alba  .Whiting— Spanish  White. 
Gypsum — Plaster  of  Paris — Terra  Alba — Agalite. 

Barium  Pigments 

Bar3rtes — Barite — Blanc  Fixe — Barium  Sulphate. 
Barium  Carbonate — ^Witherite. 

,  Red  and  Brown  Pigments 

Red  Lead — Orange  Mineral. 

Vermilion. 

Ochres — ^Tuscan  Red — Indian  Red — Venetian  Red. 

Umbers — Siennas. 
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Blue  Pigments 

Sublimed  Blue  Lead. 

tritramarine  Blue. 

Prussian  Blue — Antwerp  Blue — Chinese  Blue. 

Yellow  and  Orange  Pigments 

Chrome  Yellow — Lemon  Yellow — Medium  Chrome  Yellow. 
American  Vermilion — Orange  Chrome — Basic  I^ad  Chromate. 
Orange  Mineral. 


Green  Pigments 


Chrome  Green. 
Chromium  Oxide. 
Green  Earth. 


Black  Pigments 

Graphite. 

Carbon  Black — Bone  Black — Lamp  Black — Drop  Black — Ivory  Black— Min- 

enil  Black. 
Willow  Charcoal. 
Black  Oxide  of  Iron. 


ANALYSIS  OF  WHITE  PIGMENTS 

SUBLIMED  WHITE  LEAD 

Basic  Sulphate  of  Lead.     Basic  Sulphate — White  Lead 

This  pigment,  embracing  the  daily  analysis  by  the  maimfacturers  of  the  prf»duct 
of  over  five  months'  time,  shows  the  following  average  composition: 

Lead  sulphat c 76 .  (>S% 

Le:id  oxido 17.23 

Zinc  oxide 5 .  79 

99.70 

The  remaining  .3  of  1  per  cent  consists  of  moisture  and  ash  wliich  are  rarely 
dcteniiincd. 

The  analysis  of  this  pigiiient  based  on  the  following  method,*  which  depend^ 
upon  th?  al)()ve  average  composition,  together  with  the  volumetric  determination 
of  the  total  lead  and  zinc  contents,  is  rapid  and  accurate. 


> 


1  Jour,  of  Ind.  and  Eng.  Chem.,  6,  3,  200,  March,  1914. 
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Volumetric  Determination  of  Lead  ^ 

One  gram  of  the  sample  is  dissolved  in  100  cc.  of  an  acid  ammonium  acetate 
olution  made  up  as  follows: 

Eighty  per  cent  acetic  acid 125  cc. 

Concentrated  ammoniimi  hydroxide 95  cc. 

Water 100  cc. 

Ldd  this  solution  hot,  dilute  with  50  cc.  water  and  boil  until  a  clear  solution  is 
obtained.  Dilute  to  200  cc.  and  titrate  with  standard  ammonium  molybdate 
olution,  using  a  freshly  prepared  solution  of  tannic  acid  as  an  outside  indicator. 
A  solution  of  ammonium  molybdate  containing  8.67  grams  per  liter  usually 
fives  a  solution  where, 

One  cc.  =0.01  gram  Pb. 

>tandardize  against  pure  PbO,  pure  PbS04,  or  clean  lead  foil. 
For  further  details  of  this  method  see  p.  239. 


Volmnetric  Determination  of  Zinc^ 

Boil  1  gram  of  the  sample  with  the  following  solution : 

Water 30  cc. 

Ammonium  chloride 4  grams 

Concentrated  hydrochloric  acid 6  cc. 

If  the  sample  is  not  quite  dissolved,  the  result  is  unaffected,  as  the  residue  is 
lead  sulphate  or  precipitated  lead  chloride. 

Dilute  to  200  cc.  with  hot  water.  Add  2  cc.  of  a  saturifted  sodium  hypo- 
sulphite solution  and  titrate  with  a  standard  solution  of  potassium  ferrocyanide, 
using  a  5%  solution  of  uranium  nitrate  as  an  outside  indicator.  Calculate  the 
zinc  to  zinc  oxide. 

Using  the  average  total  of  99.70%,  the  total  lead  found  and  the  zinc  oxide 
content,  the  composition  of  this  pigment  is  determined  by  the  following  calcu- 
lation : 

Total  percentage  of  lead  compounds  present 

= total  percentage  found  of  ZnO,  PbO  and  PbSO*— percentage  of  ZnO. 

Total  percentage  of  lead  compounds  present 

=99.70%  (average  total)  —percentage  ZnO. 

Atomic  weight  lead 207 . 1 

Molecular  weight  lead  oxide 223 . 1 

Molecular  weight  lead  sulphate 303 . 1 

'     As  a  h3rpothetical  case,  we  can  assume  the  presence  of  a  4.70%  ZnO  and 
69.00%  metallic  lead. 

*  Modification  of  I^w's  Method,  "  Technical  Methods  of  Ore  Analysis,"  p.  149. 

*  Low's  Method^  **  Technical  Methods  of  Ore  Analysis,"  p.  284. 
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/MoL  wt.  PbSO.^      Pb  found)  -%  Pb  constituents 

\     At.  wt.  Pb / ^^  ^^^ 

Mol.  wt.Pb804-mol.  wt.  PbO  '^  *^ 

Mol.  wt.  PbO 

(^A^!'^'pK^X%  ^^  ^^^'^^)  -%  Pb  constituents 

\_At^wt^b /  -«%PbS04  present. 

Mol.  wt.  P})()-Mol.  wt.  PbS()4  *^ 

Mol.  wt.  Pb804 

Determining  the  percentage  of  lead  oxide  and  lead  sulphate  present  by  the 
above  formulas  we  find: 

(|^X69.0o)  -95.00 
l-^j^^^3^4^^—=pcr  cent  PbO -.6.68 

223.1 

(^X69.00)  -95.00 

mi -303.1 ^  «*"*  !>..«().  -78.32. 

303.1 

If  it  is  necessary  actually  to  determine  the  percentage  of  load  sulphate  present, 
the  following  procedure  may  l^e  followed: 


Total  Sulphate 

Mix  0.5  gram  of  the  sample  with  3  grams  of  sodium  carbonate.  Add  30  rr. 
of  water  and  boil  gently  for  ten  minutes.  Allow  to  stand  for  four  hours.  Dilate 
with  hot  water,  filter  and  w^ash  thoroughly.  All  the  lead  sulphate  is  here  chang(^ 
to  lead  carbonate,  the  sodium  carbonate  being  transposed  to  sodium  sulphate, 
which  is  found  in  the  filtrate. 

The  sulphate  is  determined  in  the  filtrate  by  precipitation  as  BaS04.  Calcu- 
late the  BaS04  to  PbSO*.  Determine  the  total  lead  as  above  outlined,  deduct 
the  lead  found  as  PbS04  and  calculate  the  residual  lead  to  PbO. 

The  foregoing  method  is  the  one  generally  used  in  the  commercial  estimatioo 
of  lead  and  yields  excellent  results  to  the  analj'st  who  is  familiar  with  it.  How- 
ever, in  laboratories  where  only  occasional  lead  determinations  are  made,  the 
well-known  gravimetric  methods  for  lead  and  zinc  will  sometimes  be  found  prefer- 
able. The  time  required  for  gravimetric  determinations  is  not  much  greater 
and  the  chance  of  error  is  reduced. 

The  method  referred  to  consists  in  weighing  the  lead  as  sulphate  *  and  the 
precipitation  of  the  zinc  from  the  filtrate  with  sodium  carbonate,  igniting  it,  and 
weighing  as  zinc  oxide. 

^  As  outlined  under  Basic  Carbonate  of  Lead,  p.  625. 
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CORRODED  WHITE  LEAD 

Basic  Carbonate  of  Lead  ^ — Old  Dutch  Process  White  Lead — Quick  Process 

White  Lead — Mild  Process  White  Lead 

Corroded  white  lead  contains  approximately  80%  metallic  lead  and  20% 
carbonic  acid  and  combined  water  with  traces  sometimes  of  silver,  antimony  and 
other  metals.    The  formula  for  this  compound  is  2PbC0»  -PbCOH)!. 

Total  Lead  (Gravimetric) 

Dissolve  1  gram  in  20  cc.  of  HNd  (1 : 1)  in  a  covered  beaker,  heating  till  all 
COj  is  expelled;  wash  off  cover,  add  20  cc.  of  H2SO  4(1 : 1)  and  evaporate  to  fumes 
of  SOj,  cool,  add  about  150  cc.  of  water  and  150  cc.  of  ethyl  alcohol;  let  stand 
in  cold  water  one  hour,  filter  on  a  Gooch  crucible,  wash  with  95%  ethyl  alcohol, 
dry  at  110°  C,  and  weigh  the  PbSO*.  Calculate  to  PbO  or  to  basic  carbonate.* 
Instead  of  determining  the  lead  as  sulphate,  the  sample  may  be  dissolved  by 
boiling  with  acetic  acid;  then  dilute  to  about  200  cc.  with  water,  make  alkaline 
with  NH4OH,  then  acid  with  acetic  acid,  heat  to  boiling  and  add  10  to  15  cc. 
of  a  10%  solution  of  potassium  dichromate;  heat  till  the  yellow  precipitate 
assumes  an  orange  color.  Let  settle  and  filter  on  a  Gooch  crucible,  washing  by 
decantation  with  hot  water  till  the  washings  are  colorless,  finally  transferring 
all  of  the  precipitate.  Then  wash  with  95%  ethyl  alcohol  and  then  ether;  dry 
at  1 10**  C.  and  weigh  PbCrOi.  (Any  insoluble  matter  should  be  filtered  out  before 
precipitating  the  lead.) 

Total  Lead  (Volumetric) 

Dissolve  0.5  gram  of  sample  in  10  cc.  of  concentrated  hydrochloric  acid,  boil 
till  solution  is  effected,  cool,  dilute  to  40  cc.  and  neutralize  with  ammonium 
hydroxide.  Add  acetic  acid  until  distinctly  acid,  dilute  to  200  cc.  with  hot  water, 
boil  and  titrate  with  ammonium  molybdate  as  follows: 

Dissolve  4.25  gram  of  pmmonium  molybdate  in  water  and  make  up  to  one 
liter.  To  standardize  this  solution,  dissolve  about  0.2  gram  of  pure  lead  foil  in 
nitric  acid  (pure  PbO  or  PbS04  may  also  be  used),  evaporate  nearly  to  dryness, 
add  30  cc.  of  water,  then  5  cc.  H1SO4  ( sp.gr.  1.84),  cool,  and  filter. 

Drop  filter  with  PbS04  into  a  flask,  add  10  cc.  concentrated  HCl,  boil  till 
eompletely  disintegrated,  add  15  cc.  of  HCl,  25  cc.  of  water,  and  NH4OH  till 
alkaline.  Acidify  with  acetic  acid,  dilute  to  200  cc.  with  hot  water  and  boil. 
Titrate,  using  an  outside  indicator  of  one  part  of  tannic  acid  in  300  parts  of  water. 

It  should  be  noted  that  when  calcium  is  present,  it  forms  a  more  or  less 
insoluble  molybdate,  and  results  are  apt  to  be  high.    With  samples  containing 

than  10%  of  lead,  the  lead  should  be  precipitated  as  PbS04,  filtered,  redis- 
Ived  and  titrated  as  in  the  process  of  standardizing. 

Carbon  Dioxide 

Determine  by  evolution  with  dilute  hydrochloric  acid  absorbing  in  soda-lime 
KOH  solution.    Calculate  COj  to  PbCOi,  subtract  PbO  equivalent  from 
«otal  PbO  and  calculate  residual  PbO  to  Pb(0H)2. 

*  Tentative  Methods  for  the  Routine  Analvsis  of  White  Pigments.  Report  of 
Hgofyimiiwioii  D-1.  American  Society  for  Testing  Nf  aterials,  1915. 

t  This  methoa  of  weighing  lead  sulphate  is  not  accurate  in  the  presence  of  calcium 
i^ampounds. 
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Acetic  Acid  ^ 

Place  18  grains  of  the  pigment  in  a  500-cc.  flask,  add  40  cc.  of  sirupy  phos- 
phoric acid,  18  grams  of  zinc  dust  and  50  cc.  of  water.  Connect  to  a  straight 
Liebig  condenser,  apply  heat  and  distill  down  to  a  small  bulk.  Then  pass  steam 
into  the  flask  until  it  becomes  about  half  full  of  condensed  water,  shut  off  the 
steam  and  distill  down  to  a  small  bulk — ^this  operation  being  conducted  twice. 
To  the  total  distillate  which  was  collected  in  a  larger  flask  add  1  cc.  of  sirupy 
phosphoric  acid,  connect  to  a  Liebig  condenser,  using  a  spray  trap,  and  distill 
to  a  small  volume — about  20  cc.  Pass  steam  through  till  about  200  cc.  of  water 
condense  in  the  distillation  flask,  shut  ofiF  steam  and  continue  the  distillalioD. 
These  operations  of  direct  and  steam  distillations  are  conducted  until  10  cc.  of 
the  distillate  require  only  1  drop  of  0.1  N  alkali  to  give  a  change  in  the  presence  of 
of  phenolphthalein.  Then  titrate  the  total  distillate  with  0. 1  N  sodium  hydroxide 
and  phenolphthalein  and  calculate  the  total  acidity  as  acetic  acid.  It  will  be 
found  convenient  to  titrate  each  200-cc.  portion  of  the  distillate  as  collected. 

Metallic  Lead^ 

Weigh  50  grams  of  the  sample  into  a  400-cc.  beaker,  add  a  little  water  and  add 
slowly  60  cc.  of  40%  acetic  acid  and  after  effervescence  has  ceased,  boil  on  hot 
plate.  Fill  the  beaker  with  water,  let  settle,  and  decant  the  clear  solution. 
To  the  residue  add  100  cc.  of  a  mixture  of  360  cc.  of  strong  NH4OH,  1080  cc.  of 
water,  2160  cc.  of  80%  acetic  acid,  and  boil  until  all  solution  is  complete.  Fill 
the  beaker  with  water,  let  settle  and  decant  the  clear  solution.  Collect  residue 
on  a  watch-glass,  floating  off  ever3rthing  but  metallic  lead.  Dry  and  weig^ 
Result  X2  =  percentage  of  metallic  lead  in  sample. 

The  following  method  of  A.  N.  Finn  (unpublished)  gives  total  basicity  of  » 
pure  white  lead :  Place  2  grams  of  pigment  in  an  evolution  flask,  add  a  little  COr 
free  water,  connect  with  a  separatory  funnel  and  condenser  (Knorr  type),  add 
through  the  funnel,  finally  washing  down,  100  cc.  of  N/4  nitric  acid,  boil  and 
absorb  the  CO2  in  a  soda  lime  tube  in  the  usual  manner  (having  HxS04  and  CaCh 
drying  tubes  in  tram)  and  weigh.  To  the  solution  in  the  evolution  flask,  add 
about  20  cc.  of  neutral  sodium  sulphate  solution  and  titrate  with  N/4  sodium 
hydroxide  solution  (carbonate-free),  using  phenolphthalein.  COj  is  calculated  to 
PbCOi.  The  amount  of  N/4  acid  corresponding  to  the  COj  is  calculated  and 
deducted  from  the  total  amount  of  N/4  acid  neutralized  by  the  sample  and  the 
difference  calculated  to  combined  H2O,  from  which  Pb(OH)i  is  computed. 


ZINC  LEAD  AND  LEADED  ZINC 

Zinc  lead  and  leaded  zinc  are  varying  compounds  containing  sine  osdde 
and  lead  sulphate,  the  former  showing  approximately  50%  zinc  oxide  and  Sffi 
lead  sulphate,  while  the  latter  contains  on  an  average  25%  lead  sulphate  and 
75%  zinc  oxide.    See  also  pp.  239,  480. 

These  pigments  nuiy  be  analyzed  by  the  following  procedure: 

Moisture.    Heat  2  grams  at  105®  C.  for  two  hours. 

1  Thompson's  Method,  Jour.  Soc.  Chem.  Ind.,  84,  487  1905.  J 
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Lead  and  Zinc.  Detennine  the  lead  directly  by  the  volumetric  molybdate 
method  and  the  zinc  by  the  volumetric  ferrocyanide  method  as  outlined  under 
Sublimed  White  Lead.    See  also  pages  239  and  480. 

Total  Soluble  Sulphates^  (in  the  absence  of  BaS04).  Treat  0.5  gram  of 
the  sample  with  5  cc.  of  water,  3  grams  of  NH4CI  and  5  cc.  of  HCl  saturated 
with  bromine;  digest  (covered)  on  the  steam  bath  about  fifteen  minutes,  add  25 
cc.  of  HjO,  neutralize  with  dry  Na2C08  and  add  about  2  grams  more.  Boil 
ten  to  fifteen  minutes;  let  settle,  dilute  with  hot  water,  filter  and  wash  with 
hot  water;  redissolve  in  HCl,  reprecipitate  as  above  and  wash  thoroughly  with 
hot  water.  Acidify  the  united  filtrates  with  HCl  and  add  a  slight  excess  of 
10%  BaClj  solution.  Let  stand  on  steam  bath  for  one  hour,  filter,  wash  with 
hot  water,  ignite  and  weigh  the  BaSO^.  Calculate  to  SOi  (includes  SOs  formed 
from  SO,). 

Total  Soluble  Sulphate  (in  the  presence  of  BaSO^).  Treat  1  gram  in  a 
600-cc.  beaker  with  10  cc.  of  HjO,  10  cc.  of  strong  HCl,  saturated  with  bromine, 
and  5  grams  of  NH4CI,  heat  on  a  steam  bath  in  a  covered  beaker  for  five  minutes, 
add  hot  water  to  make  about  400  cc,  boil  for  five  minutes  and  filter  to  separate 
any  insoluble  material.  (A  pure  pigment  should  be  completely  dissolved.)  Wash 
with  hot  water,  ignite  and  weigh  the  insoluble.  Remove  lead  with  NazCOt  as 
above,  making  a  double  precipitation,  acidify,  and  to  the  boiling  hot  filtrate  add 
slowly,  with  stirring,  20  cc.  of  a  10%  BaCU  solution;  let  stand  for  two  hours  on 
the  steam  bath,  filter,  wash,  ignite,  and  weigh  as  BaSO^.  (Includes  SOt  formed 
from  SO,.) 

Soluble  Zinc  Sulphate.  Boil  2  grams  of  the  sample  with  150  cc.  of  water 
and  60  cc.  of  alcohol  for  thirty  minutes,  filter  and  wash  with  a  mixture  of  alcohol 
and  water  (1:3).  Heat  the  filtrate  to  boiling  and  expel  most  of  the  alcohol;  then 
determine  SOt  by  the  usual  method  of  precipitation  with  BaCh.  Calculate  to 
ZnSO*  and  to  SO,. 

Sulphur  Dioxide.  Digest  2  grams  of  the  sample  with  frequent  stirring  in 
100  cc.  of  freshly  boiled  cold  water  and  5  cc.  of  concentrated  HCl;  let  stand  ten  to 
fifteen  minutes,  add  an  excess  of  0.01  normal  iodine  solution  and  titrate  back  with 
0.01  normal  sodium  thiosulphate  solution,  using  starch  indicator.  Report  as 
8O1.     Run  blank  on  reagents  and  make  corrections. 

Calculations.  Report  soluble  SOi  as  ZnSOi.  Deduct  ZnO  equivalent  of  the 
ZnSOf  from  total  ZnO  and  report  residue  as  ZnO.  Deduct  soluble  SOs  and  SOt 
equivalent  to  SOj  from  total  SOs,  calculate  remainder  to  PbSOi;  subtract  PbO 
equivalent  of  PbSOi  from  total  PbO  and  report  remainder  as  PbO. 

ZINC  OXIDE  2 

Moisture.  Weigh  10  grams  on  watch-glass  and  dry  for  two  hours  at  105  to 
1 10**  C.    Cool  and  weigh. 

Carbon  Dioxide.  Place  10  grams  in  a  4-ounce  Erlenmeyer  flask,  moisten  with 
^^wster,  add  solution  of  KMnOi  to  oxidize  SO2,  insert  a  two-hole  rubber  stopper, 
^^nth  an  acid  delivery  tube  and  connect  to  a  carbon  dioxide  apparatus.  This 
^Etpparatus  consists  of  a  tube  containing  KOH  solution,  preceding  the  flask  with 

1  Report  of  Sub-committee  VIII  of  Committee  D-1,  Proceedings  of  American 
j^ociety  for  Testing  Materials,  14,  271-2,  1914. 

•  Frank  G.  Breyer,  Chief,  Testing  Department,  The  New  Jersey  Zinc  Co. 
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Rainple,  to  absorb  any  COt  from  the  air  drawn  in.    The  flask  is  followed  by  a  tube 
with  ermccntratcd  HtSOi  to  absorb  moisture,  a  calcium  chloride  tube,  and  next 
is  a  weighed  Geissler  ^  bulb  with  KOH  solution,  to  absorb  the  COt  from  the  sample; 
this  is  followed  by  another  calcium  chloride  tube  which  is  connected  to  a  suction 
line.    The  acid  delivery  tube  contains  25  cc.  HsSO«  (1  :  1)  and  before  opening 
the  stopcock  the  suction  is  applied  to  insure  that  the  connections  are  all  air- 
tight; if  there  is  no  leak  the  acid  is  allowed  to  flow  into  the  flask  and  the  suction 
regulated  so  that  the  bubbles  in  the  Geissler  bulb  may  easily  be  counted.    The 
flask  is  heated  cautiously  to  boiling  for  a  minute  or  two,  the  flame  removed  and 
the  suction  allowed  to  proceed  from  thirty  to  forty  minutes.    The  Geissler  *  bulb 
is  then  disconnected,  placed  in  the  balance  for  fifteen  minutes  together  with  tbe 
end  calcium  chloride  tube  and  then  weighed.    The  KOH  solution  used  for 
absorption  is  of  the  same  strength  as  for  carbon  in  steel. 

Insoluble.  Treat  10  grams  in  a  2oO-cc.  beaker  with  50  cc.  concentrated  HCl, 
evaporate  to  dryness,  take  up  residue  with  HCl  and  water,  filter  and  wash 
thoroughly  with  HCl  (1  :  4)  and  hot  water.  Ignite  filter  paper  and  contents 
in  a  weighed  platinum  crucible. 

Sulphuric  Anhydride;  Total  S  as  SOs*  Treat  10  grams  with  50  cc.  strong 
11  CI  and  a  few  cc.  of  bromine  water;  boil  to  expel  bromine,  filter  from  insoluble, 
wash  witli  hot  water.  Neutralize  the  excess  of  HCl  with  ammonia,  keeping  tbe 
Kolution  slightly  acid,  heat  to  boiling  and  add  about  15  cc.  of  hot  B^l^  Let 
stand  overnight,  filter  on  a  weighed  Gooch  crucible,  wash  well  with  hot  water, 
ignite  in  a  nuifflc,  cool  and  weigh  as  BaSO^. 

Lead  Oxide 

Gravimetric  Method.  Treat  10  grams  with  50  cc.  strong  HCl  and  50  cc. 
HjSOi  (1  :  1 ),  ovaponvte  on  a  hot  plate,  and  finally  over  a  Bunsen  burner  to  strong 
funics  of  S(>3. 

i\M)\,  and  add  l(K)  vv.  water,  heat  again  to  dissolve  the  soluble  sulphates,  cool 
add  25  cc.  1)5'',',  alcohol,  let  st^md  overnight,  filter  on  a  Gooch  crucible  and  wi4 
witli  dilute  IlsSO*,  and  finally  with  alcohol.  Dry  at  110**  C,  ignite  for  fi'i'e  to  ten 
minuto^»,  cool  and  woigh.  Dissolve  the  PbSOi  in  the  Gooch  crucible  with  abot 
solution  of  anunoniuiii  acetate,  slightly  acidify  with  acetic  acid,  wash  with  bot 
wator,  <lry  at  1 10''  C,  ignite  and  weigh  again.  The  loss  in  weight  is  PbSO^,  fioo 
wliich  the  PhO  is  calculated. 

Electrolytic  Method.  9.3^^0  grams  of  the  sample  are  dissolved  in  a  2504C. 
l>cakor  with  40  cc.  concentrated  HXOs  and  about  50  cc.  of  distilled  water.  Tbf 
solution  is  l>oilod  for  a  few  minutes  until  all  red  fumes  are  expelled.  Add  eaon^ 
silver  nitrate  solution  to  precipitate  all  chlorides  (an  excess  of  silver  nitrate  doe 
not  interfere)  and  dilute  to  about  200  cc. 

l^lootn»lyze  for  two  hours,  using  about  .5  ampere  current.  The  sdutaons  art 
t^'stod  f(»r  load  Ix^fore  turning  off  the  current  by  raising  the  liquid  in  the  beaker, 
and  allowing  to  continue  for  twenty  minutes.  If  there  is  no  fresh  deposit  ol  Pbft* 
the  elect rodo  is  washed  throe  times  with  distilled  water  (current  still  on)  andtkn 
after  nMuoval  fn^in  the  elect n>lytic  stand,  with  alcohol.  After  dnring  one  boor 
at  110*"  (\  the  oloctn^do  is  weighed.  The  weight  of  PbOt  in  milligrams  diridri 
by  100  gives  the  percentage  of  PbO. 

» S<v  Pn>tvtiure  for  COi  determination  in  the  chapter  on  Carbon,  p.  103. 
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Chlorine.  Treat  10  grains  of  sample  with  50  cc.  strong  HNOs,  add  10  cc. 
N/10  AgNOs,  boil,  cool,  add  10  cc.  ferric  nitrate  (1  :  3),  and  titrate  the  excess 
of  AgNOt  with  NH4CNS  (9  grams  per  liter  of  solution).  A  blank  determination 
is  conducted  in  a  similar  manner  and  from  the  amount  of  N/10  AgNOj  required 
the  chlorine  is  calculated. 

Ferric  Oxide.  Treat  10  grams  with  50  cc.  strong  HCl,  add  about  1  gram 
KClOs,  and  boil  down  to  a  syrupy  consistency.  Cool,  add  water  and  a  large 
excess  of  ammonia.  Allow  to  stand  until  the  ferric  oxide  separates,  and  filter; 
wash  with  dilute  ammonia  water  and  then  with  hot  water.  Dissolve  the  pre- 
cipitate of  ferric  oxide  in  an  Erfenmeyer  flask  with  warm  dilute  H2SO4.  Wash 
the  filter  paper  thoroughly  with  hot  water,  dilute  the  solution  in  the  Erlenmeyer 
flask  to  about  200  cc.  and  pass  in  hydrogen  sulphide  for  five  minutes.  Place  a 
funnel  in  the  neck  of  the  flask  and  boil  until  all  HiS  is  expelled.  Cool  and  titrate 
with  dilute  KMnOi.  A  blank  determination  is  carried  out  in  a  similar  manner 
and  the  number  of  cc.  of  KMnOi  required  to  give  a  pink  color  is  subtracted  from 
the  total  number  required  on  the  sample. 

Manganese  Oxide.  Treat  a  10-gram  sample  in  a  16-oz.  Erlenmeyer  flask 
with  100  cc.  of  HNOt  (1 : 3),  heat  to  boiling  and  add  a  pinch  of  sodium  bismuthate, 
when  the  pink  color  of  permanganic  acid  is  produced;  now  add  a  few  cc.  of  dilute 
NasSiOt  solution  to  destroy  the  pink  color,  and  continue  boiling  to  drive  off  all 
nitrous  oxide  fumes.  Cool  thoroughly  and  add  50  cc.  of  a  3%  solution  of  HNd, 
and  a  very  small  pinch  of  sodium  bismuthate  to  restore  the  pink  color  again. 
Filter  the  solution  through  a  Gooch  crucible  to  remove  the  excess  of  sodium 
bismuthate,  rinsing  the  flask  and  Gooch  with  50  cc.  of  3%  HNO»  solution  to 
which  a  small  amount  of  sodium  bismuthate  has  been  added.  Now  add  10  cc. 
of  ammonium  ferrous  sulphate  solution,  and  titrate  the  excess  of  ammonium  ferrous 
sulphate  with  standard  KMnOi  whose  iron  value  has  been  determined.  One  gram 
of  KMnOi  per  liter  is  a  convenient  strength;  and  12.4  grams  of  ammonium  fer- 
rous sulphate,  and  50  cc.  strong  H2SO4  to  the  liter  gives  a  solution  which  is  almost 
equal  to  the  permanganate  solution.  A  blank  detennination  is  carried  out  in 
exactly  the  same  manner  as  with  the  sample  of  oxide,  and  the  difference  in  the 
number  of  cc.  of  KMn04  required  to  give  a  pink  color  with  the  blank  deter- 
mination and  the  sample  of  oxide  is  equal  to  the  amount  of  MnO  pn^sent.  The 
manganese  value  of  the  KMnOi  is  calculated  from  the  iron  value,  according  to 
the  ratio  of  Mn  :  Fe,  or  55  :  279.5  or  0.1968  :  1. 

Arsenous  Oxide.  Weigh  10  grams  of  oxide  in  a  16-ounce  Erlenmeyer  flask, 
add  about  10  grams  of  FeSO^,  place  a  rubber  stopper  with  an  acid  delivery  tube 
and  an  exit  tube,  which  is  immersed  in  a  beaker  containing  about  200  cc.  dis- 
tilled water.  The  beaker  of  water  is  placed  in  a  pan  of  cold  water,  the  pan 
having  an  inlet  and  overflow.  Now  add  100  cc.  strong  HCl  from  the  delivery 
tube,  and  heat  the  flask  to  boiling  so  as  to  distill  the  arsenic  into  the  beaker  of 
wat^.  Continue  boiling  until  about  two-thirds  of  the  acid  has  been  distilled, 
remove  from  the  flame,  rinse  the  delivery  tube,  add  10  cc.  strong  HCl  to  the 
solution  in  the  beaker,  warm  and  pass  in  HjS  to  precipitate  the  arsenic,  as  As«Si. 
Let  stand  in  a  warm  place  for  some  time  and  filter  in  a  Gooch  crucible,  wash 
the  precipitate  of  AstSs  with  alcohol  and  then  with  carbon  bisulphide  and  several 
times  with  dilute  alcohol.  Dry  at  105°  C.  for  one  hour  and  weigh.  Dissolve 
the  AssSs,  in  the  Gooch  crucible  with  dilute  ammonia  water,  wash  well  with  hot 
water,  and  dry  at  105**  C.  and  reweigh.  The  loss  in  weight  is  AsjSj,  from  which 
the  AssOi  may  be  calculated,    b'ee  procedure  for  arsenic  distillation,  p.  33. 
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SO2  Equivalent.  Treat  10  grams  in  a  250-cc.  beaker  with  25  cc.  cold  water, 
25  cc.  hot  water,  add  some  starch  solution  and  titrate  with  N/10  iodine  solution, 
gradually  addmg  25  cc.  HCl  until  a  permanent  blue  color  appears. 

Zinc  Oxide.  The  percentage  of  ZnO  is  found  by  addhig  together  all  the 
percentages  of  impurities,  except  the  SOi  equivalent,  and  subtracting  this  sum 
from  100. 

LITHOPONE 
Ponolith— Beckton  White — Charlton  White,  etc. 

This  pigment  is  a  chemically  precipitated  pigment  containing  approximately 
from  69  to  70  per  cent  barium  sulphate,  the  remainder  consisting  of  zinc  sul- 
phide, with  occasional  impurities  of  zinc  oxide  and  carbonate. 

Moisture.     Heat  2  grams  for  two  hours  at  105°  C. 

Barium  Sulphate.  Treat  1  gram  with  10  cc.  cone.  HC!  and  1  gram 
of  potassium  chlorate,  added  in  small  amounts.  Evaporate  to  one-half  its 
volume,  add  100  cc.  hot  water  and  a  few  cc.  of  dilute  HjS04.  Boil,  filter,  wash 
and  weigh  the  insoluble  residue,  which  should  show  only  the  presence  of  barium 
sulphate.    Examine  the  residue  for  silica  and  alununa. 

Total  Zinc.  Detemune  the  total  zinc  in  the  filtrate  by  the  volumetric 
method  as  outlined  under  Sublimed  White  Lead. 

Zinc  Sulphide.  Digest  1  gram  at  room  temperature  for  one-half  hour  with 
100  cc.  of  1%  acetic  acid.  Filter  and  determine  the  zinc  in  the  precipitate  by 
solution  in  HCl  as  under  Sublimed  White  Lead. 

Zinc  soluble  in  acetic  acid  is  reported  as  zinc  oxide,  zinc  insoluble  as  rinc 
sulphide.  The  filtrate  from  the  acetic  acid  treatment,  after  precipitating  the  «nc 
as  zinc  sulphide  and  subsecjuent  removal,  should  be  examined  for  barium  which 
might  be  present  as  carbonate,  and  calcium,  present  as  either  sulphate  or  ea^ 
bonate.  The  zinc  sulphide  may  also  be  determined  by  the  method  as  outlined 
under  Tentative  Methods  for  Analysis  of  Pigments  by  Committee  D-P  as 
follows: 

Zinc  Sulphide.2  Place  0.5  gram  of  the  pigment  in  an  evolution  flask*  with 
about  10  grains  of  "  feathered  "  or  mossy  zinc,  add  50  cc.  of  water;  insert  the 
stopper  carrying  a  se])aratory  funnel  and  an  exit  tube.  Run  in  50  cc.  of  con- 
centrated IICl  from  the  funnel,  having  previously  connected  the  exit  tube  to  two 
absorption  f husks,  in  series;  first  fltusk  contains  100  cc.  of  alkaline  lead  nitrate 
solution,  second  flask,  50  cc.  of  same  as  a  safety  device.  After  all  of  the  acid 
has  run  into  the  evolution  flask,  heat  slowly,  finally  boiling  until  the  first  appear- 
ance of  stciun  in  the  first  absorption  flask.  Disconnect,  let  the  lead  sulphide 
settle,  filter,  Wiush  with  cold  water,  then  with  hot  water  till  neutral  to  litmus 
paper  and  washings  give  no  test  for  lead.  The  PbS  precipitate  in  dissoh'ed  in 
hot,  dilute  IlNOj,  evaporated  to  fumes  with  H2SO4  and  finally  weighed  as  PbS0«. 
Calculate  PhS  or  PbSO^  to  ZuS. 

The  alkaline  lead  solution  is  made  lus  follows:  Into  100  cc.  of  KOH  solution 
(56  grams  in  140  cc.  of  H.O)  pour  a  saturated  solution  of  lead  nitrate  (250  grams 
in  500  cc.  of  H.O)  until  the  precipitate  ceases  to  redissolve,  stirring  constantly 

*  American  Society  for  Testing  Materials,  1915. 

» Evolution  MotlKKl  of  W.   G.  Scott,   "  WTiite  Paiuta  and  Painting  Material," 
p.  257;  sec  also  p.  398,  clmptcr  on  Sulphur  by  W.  W.  Scott. 
3  Sec  Apparatus  on  p.  399. 
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while  mixing.  About  three  volumes  of  the  lead  solution  will  be  required  for  one 
of  the  alkali. 

Instead  of  absorbing  the  evolved  HsS  in  alkaline  lead-nitrate  solution,  a 
solution  of  8  grams  of  cadmium  chloride  in  250  cc.  of  water  and  150  cc.  of  NH4OH 
(sp.gr.  0.90)  may  be  used.  The  CdS  precipitate  may  be  filtered  on  a  weighed 
Gooch,  washed  with  water  containing  a  little  NH4OH,  dried  at  100°  C,  and 
weighed.  Calculate  to  ZnS.  It  is  better  to  filter  the  CdS  on  a  small  filter  and 
wash  as  above,  then  place  filter  and  precipitate  in  a  beaker  and  dissolve  in  HCl 
and  KClOj  (keeping  at  room  temperature  at  first).  Filter  out  any  paper  pulp 
or  insoluble  matter,  make  filtrate  alkaUne  with  NH4OH,  then  just  acid  with 
HCl,  heat  to  boiling  and  precipitate  with  BaCU  in  the  usual  manner.  Filter, 
wash,  ignite,  and  weigh  the  BaSOi.    Calculate  to  ZnS. 

For  very  rapid  work  the  contents  of  the  absorption  flask,  after  all  H^S  has 
been  absorbed,  may  be  washed  into  a  vessel  with  cold  water  aiid  diluted  to  about 
1  liter,  acidified  with  concentrated  HCl  and  titrated  with  standard  iodine  solu- 
tion, using  starch  indicator.  (The  precipitate  should  be  completely  dissolved.) 
The  iodine  solution  is  prepared  by  dissolving  about  12.7  grams  of  pure  resublimed 
iodine  and  18  grams  of  KI  in  a  little  water  and  then  diluting  to  1  liter. 

Soluble  Salts.  Digest  2  grams  with  hot  water  and  examine  the  filtrate  for 
soluble  salts. 

SILICA  OR  SILEX— CHINA  CLAY— ASBESTINE 

These  pigments,  while  all  true  silica  pigments,  are  widely  different  from  the 
standpoint  of  physical  structure.  A  microscopic  examination  is  of  great  value, 
showing  silica  or  silex  to  consist  of  small,  sharp  particles,  china  clay  to  be  tabloid 
in  appearance  and  asbestine  to  consist  of  long,  rod-like  fibrous  particles. 

The  following  procedure  taken  from  the  outlined  method  published  by  Sub- 
Gonunittee  VIII  of  Committee  D-I*  will  well  serve  for  the  analysis  of  these 
pigments. 

Moisture.    Heat  2  grams  at  105®  for  two  hours. 

Loss  on  Ignition.    Ignite  1  gram  to  constant  weight  in  a  platinum  crucible. 

Insoluble  Matter.  Boil  2  grams  for  thirty  minutes  with  50  cc.  HCl  (1  :  1), 
add  50  cc.  of  water,  wash,  ignite,  and  weigh  insoluble  residue. 

In  the  case  of  China  clay,  or  asbestine,  a  sodium  carbonate  fusion  should  be 
resorted  to,  with  the  subsequent  dehydration  of  the  silica. 

The  insoluble  residue  in  either  case  is  volatilized  with  H2SO4  and  HF  in  the 
usual  manner,  any  loss  in  weight  being  considered  silica.  Any  residue  is  fused 
with  sodium  carbonate,  the  fusion  being  added  to  the  original  filtrate.  Should 
BaS04  be  present,  the  melt  is  digested  with  warm  water,  the  BaCOj  filtered  off, 
washed,  dissolved  in  hot  dilute  HCl  and  precipitated  and  determined  as  BaSOi. 

The  filtrates,  combined  from  the  preceding  filtrations,  are  examined  for 
alumina,  iron,  manganese,  calcium  and  magnesium  in  the  usual  way. 

Should  it  be  necessary  to  determine  the  alkalies  present,  a  separate  sample 
is  treated  according  to  the  method  of  Mr.  J.  Lawrence  Smith  as  in  Bulletin  No. 
422,  U.  S.  Geological  Survey. 

Carbon  Dioxide.  Determine  by  evolution  with  HCl,  weighing  in  soda- 
lime,  KOH  solution,  or  by  absorbing  in  Ba(OH)j  solution  and  titrating  or  weigh- 
ing as  BaCO,.    See  p.  103. 

*  Proceedings  of  American  Society  for  Testing  Materials,  14,  279, 1914. 
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Any  excess  of  calcium  is  reported  as  oxide.  The  magnesium  is  calculated  as 
MgO,  unless  the  carbon  dioxide  is  in  excess  of  the  amount  of  calcium  present, 
in  which  case  it  is  reported  as  MgCOt,  and  the  remainder  as  MgO. 

WHITING— PARIS  WHITE 
Gypsum — Plaster  of 


These  pigments  are  of  the  following  composition: 

Whiting.    The  natural  fonn  of  calcium  carbonate. 

Paris  White.    The  artificial  form  of  calcium  carbonate. 

GjTpsum.    The  hydrated  form  of  calcium  sulphate,  of  formula  CaS04-2HiO. 

These  pigments  are  analyzed  in  the  following  manner: 

Moisture.    Heat  2  grams  at  105®  C.  for  two  hours. 

Loss  on  Ignition.  Ignite  1  gram  at  a  high  heat  to  constant  weight.  The 
loss  will  be  water,  if  carbonates  are  absent. 

Calcium.  Treat  1  gram  with  dilute  HCl  and  a  few  drops  of  HNOs. 
Evaporate  to  drjiiess,  dehydrate,  moisten  with  a  few  drops  of  concentrated 
HCl,  dilute)  with  hot  water  and  determine  the  insoluble  residue.  Examine 
for  BaSO^.    The  residue  should  consist  of  silica. 

In  the  filtrate,  precipitate  and  determine  the  iron  hydroxide  and  alumiDiiiD 
hydroxide  in  the  usual  manner.  The  calcium  is  precipitated  in  the  boiling  am- 
moniacal  filtrate  with  30  cc.  of  saturated  ammonium  oxalate  solution,  allowing 
the  solution  to  boil  for  one-half  hour.  A  double  precipitation  is  here  advisable 
to  remove  the  last  traces  of  magnesium.  The  calciiun  oxalate  is  filtered  off, 
thoroughly  washed  and  determined  volumetrically  by  the  permanganate  method, 
p.  92. 

Magnesium.  Determine  in  the  filtrates  after  removal  of  the  calcium  bj 
prceipit^ition  as  magnesium  ammonium  phosphate  and  ignition  to  magnesiam 
pyropli()sphat<3  in  the  usual  manner,  p.  255. 

Carbon  Dioxide.    Det<?nnine  as  outlined  under  Silica. 

Sulphates.  Dissolve  1  gram  in  concentrated  HCl,  remove  any  insoluble 
residue,  heat  to  hoiUng  and  precipitate  any  sulphate  as  BaS04,  determining  in  the 
usual  manner.     See  p.  395. 

BARYTES  AND  BLANC  FIXE 

Of  these  two  l^arium  pigments  used  in  the  manufacture  of  paints,  banies 
is  the  natural  barium  sulphate,  while  blanc  fixe  is  precipitated  barium  sulphate. 
Their  barium  sulphate  content  should  be  not  less  than  95%. 

The  following  method  may  be  used  for  the  analysis  of  these  pigments: 

Moisture.     Ileat  2  grams  at  105°  C.  for  two  hours. 

Loss  on  Ignition.  Ignite  1  gram  to  constant  weight.  The  loss  will  be 
reported  as  loss  on  ignition,  and  will  consist  of  free  and  uncombined  wat^r,  carbon 
dioxide  and  organic  matt^T. 

Barium  Sulphate.  Boil  1  gram  with  dilute  HCl,  evaporate  to  drynesB, 
moisten  with  HCl.  add  water,  boil,  filter  and  wash.  Should  lead  be  present 
in  the  hisohible  residue,  as  shown  by  the  action  of  H2S,  treat  the  insoluble  residiie 
with  a  little  (1:1)  HCl  and  several  dn)ps  of  HjSOi.  Filter,  wash  and  wei^ 
the  residue.    Treat  the  ignited  residue  with  H2SO4  and  HF,  evaporate  to  dryness 
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and  ignite.  The  residue  should  show  no  loss  as  silica.  The  filtrate  is  examined 
for  alumina,  iron,  calcium  and  magnesium  in  the  usual  manner. 

Soluble  Sulphates.  Treat  1  gram  with  20  cc.  cone.  HCl,  dilute  to  200  cc. 
with  hot  water,  boil,  filter,  wash,  add  NH4OH  until  neutral,  make  acid  with 
HCl  and  precipitate  any  sulphate  as  BaSO^.  Determine  in  the  usual  manner. 
Calculate  to  CaSO^.  If  carbonates  are  present,  calculate  the  remaining  CaO  to 
CaCOs.    Any  excess  of  oxide  is  reported  as  CaO. 

Carbon  Dioxide.  Determine  as  outlined  under  silica.  If  any  barium  car- 
bonate is  present,  it  is  determined  in  the  filtrate  from  the  preliminary  HCl 
treatment,  by  precipitation  and  weighing,  as  BaS04.  Any  excess  of  carbon 
dioxide  over  the  barium  is  reported  as  calcium  carbonate. 

ANALYSIS  OF  A  COMPOSITE  WHITE  PAINT 

A  white  paint  may  consist  of  a  mixture  of  any  of  the  preceding  pigments, 
excepting  that  it  is  understood  that  lead  pigments  and  lithopone  are  seldom 
found  together,  owing  to  their  tendency  to  blacken  with  the  formation  of  lead 
sulphide. 

After  separation  from  the  oil  and  other  liquids  as  outlined  above,  the  white 
pigment  mixture  may  be  rapidly  analyzed  by  the  following  method.  It  is,  however, 
often  advisable  to  resort  to  a  qualitative  examination  before  beginning  the  quan- 
titative analysis.  . 

Insoluble  Residue.  Boil  1  gram  of  the  sample  with  20  cc.  (1  :  1)  HCl. 
Evaporate  to  drjniess,  moisten  the  residue  with  a  few  cc.  of  concentrated  HCl, 
allow  to  stand  a  few  minutes,  dilute  with  hot  water,  boil,  filter  and  wash  the 
insoluble  residue  thoroughly  with  hot  water.  Treat  the  insoluble  residue  with 
(1:1)  HCl  and  2  cc.  HjSOi  to  remove  the  last  traces  of  lead.  Filter,  wash  and 
weigh  the  insoluble  residue.  Determine  the  silica  by  volatilization  with  HjS04 
and  HF.  Any  loss  is  reported  as  silica.  Determine  the  BaSOi  in  the  residue 
by  boiling  with  dilute  HCl  or  making  a  potassium  bisulphate  fusion.  The 
residue  remaining  after  either  of  these  treatments  is  reported  as  barium  sul- 
phate. 

Total  Lead.  This  constituent  can  be  best  determined  on  a  separate  sample. 
To  1  gram  add  10  cc.  of  cone.  HNO3,  boil,  add,  after  cooling,  cone.  HsS04  and 
evaporate  to  strong  S0»  fumes.  Dilute  with  water,  allow  to  stand  several 
hours,  filter,  wash  slightly,  dissolve  and  determine  the  lead  volumetrically  as 
outlined  under  Sublimed  White  Lead. 

Lead  can  also  be  determined  on  the  combined  filtrates  from  the  insoluble 
residue.  Precipitate  the  lead  in  an  acid  solution  with  HsS  and  determine  vol- 
umetrically in  the  above  outlined  manner. 

To  determine  whether  both  sublimed  white  lead  and  corroded  white  lead  are 
present,  treat  a  separate  pyortion  of  the  paint  with  boiling  acetic  acid,  filter  and 
collect  the  insoluble  residue.  Determine  the  lead  either  in  the  filtrate  or  in  the 
insoluble  residue  by  the  volumetric  method.  The  lead  soluble  in  acetic  acid  is 
the  basic  carbonate  of  lead  and  the  lead  oxide  from  the  sublimed  white  lead, 
while  the  lead  sulphate  from  the  sublimed  white  lead  remains  insoluble. 

Alumina  and  Iron  Oxide.  Remove  the  H2S  from  the  filtrate  by  boiling, 
after  removal  of  the  lead,  and  precipitate  the  hydroxides  in  an  ammoniacal 
solution  after  boiling  with  the  addition  of  a  few  drops  of  HNd.  Determine 
and  separate  in  the  usual  manner. 
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Zinc.  Precipitate  the  zinc  in  the  filtrate  from  the  alumina  and  iron  pre- 
cipitation, after  acidifying  wath  acetic  acid,  and  determine  the  zinc  as  outlhied 
under  Sublimed  White  Lead  on  p.  623. 

Calcium  and  Magnesium.  Determine  the  calcium  and  magnesium  in  the 
filtrate  from  the  precipitation  of  zinc  sulphide  in  the  usual  manner^  testing,  hov- 
ever,  first  for  the  presence  of  barium. 

Sulphate.    Determine  as  outlined  under  Zinc  Lead  and  Leaded  Zincs. 

Sulphide.  Should  lithopone  be  present,  separate  the  zinc  oxide  and  line 
sulphide  as  outlined  under  Lithopone,  p.  630. 

Carbon  Dioxide.    Determine  as  outlined  under  Silica,  p.  631. 

Calculations.  Silica  is  reported  as  silica,  except  where  alumina  is  present, 
showing  the  presence  of  China  clay.  In  this  case,  calculate  the  alumina  to  day 
by  the  method  of  Scott. 

Weight  of  A1,0,X  2.5372=  weight  of  clay. 

Weight  of  clay  X  0.4667  =  weight  of  SiOj  in  clay. 

Any  difference  greater  than  5%  may  be  considered  silica. 

Barium  sulphate  is  reported  as  barium  sulphate  or  as  lithopone,  if  zinc  sul- 
phide is  present,  according  to  the  given  composition  of  lithopone,  70%  barium 
sulphate  and  30%  zinc  sulphide. 

Lead  is  reported  as  Basic  Carbonate  of  Lead  on  the  formula  2PbC0t  -PbCOH)!. 

Calculate  lead  soluble  in  acetic  acid,  after  determining  COs  to  basic  lead  car- 
bonate and  any  residual  lead  to  lead  oxide  which,  together  with  the  lead  sulfdiate 
is  reported  as  Sublimed  White  I^ad. 

Should  calcium  sulphate  be  present  the  portion  soluble  in  water  is  examined 
for  lime  or  sulphuric  acid  and  calculated  to  calcium  sulphate,  any  residual  lime 
being  calculated  to  calcium  carbonate  and  any  residual  sulphuric  acid  being  cal- 
culated to  lead  sulphate.  Any  residual  COj  after  calculating  calcium  carbonate 
is  calculated  to  white  lead  and  any  residual  lead  is  calculated  to  lead  oxide. 

Lead  oxide  should  not  be  reported  except  in  the  presence  of  lead  sulphate. 
Any  large  percentage  of  magnesium  denotes  the  presence  of  asbestine. 


RED  AND  BROWN  PIGMENTS 

These  pigments  are  grouped  under  these  heads: 

The  Lead  Oxide  Pigments — The  Iron  Oxide  and  Manganese  Oxide 

Pigments— The  Mercury  Oxide  Pigments 

RED  LEAD  AND  ORANGE  MINERAL 

These  pigments  in  the  pure  fonu  are  oxides  of  lead,  of  the  generally  accepted 
form,  Pb304,  being  probably  mixtures  of  lead  monoxide,  and  lead  dioxide.  lo 
chemical  composition  they  are  the  same,  the  proportions  of  lead  monoxide  and 
lead  dioxide  varying,  however,  but  by  their  physical  structure  and  color  they  can 
be  readily  differentiated. 

Two  methods  are  given  for  the  analysis  of  this  pigment.  The  first  is  taken 
from  the  method  as  outlined  by  Sub-committee  VIII  of  Committee  D-L* 

Moisture.    Dry  2  grams  at  105°  for  two  hours. 

*  Proceedings  of  American  Society  for  Testing  Materials,  14,  281-283,  1914. 
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Organic  Color.  Boil  2  grams  with  25  cc.  of  95%  ethyl  alcohol,  let  settle, 
decant  off  the  supernatant  liquid;  boil  residue  with  water,  decant  as  before  and 
boil  residue  with  very  dilute  NH4OH.  If  either  the  alcohol,  water  or  NH4OH 
is  colored,  organic  coloring  matter  is  indicated. 

Total  Lead  and  Insoluble  Residue.  Treat  1  gram  with  15  cc.  of  HNOs 
(1:1)  and  sufficient  hydrogen  dioxide  to  dissolve  all  the  PbOa  on  warming.  If 
any  insoluble  matter  is  present,  add  25  cc.  of  water,  boil,  filter  and  wash  with 
hot  water.  Insoluble  contains  free  SiOi,  and  should  be  examined  for  BaS04 
and  siUcatcs,  if  appreciable.  To  the  original  solution  or  filtrate  from  insoluble, 
add  20  cc.  of  cone.  H2SO4  and  evaporate  to  SOs  fumes;  cool  and  determine 
lead  as  lead  sulphate  either  gravimetrically  or  volumetrically.  If  the  sample 
contains  soluble  barium  salts,  the  PbS04  will  contain  BaS04  and  should  be 
treated  with  acid-ammonium  acetate  solution,  the  lead  being  determined  in  the 
filtrate. 

Determination  of  Lead  Peroxide  (PbOs)  and  True  Red  Lead  (Pbs04). 
(Method  of  Diehl,*  modified  by  Topf* — not  applicable  when  substances  are 
present,  other  than  oxides  of  lead,  that  liberate  iodine  under  conditions  given.) 

Weigh  1  gram  of  finely  ground  sample  into  a  2(X)-cc.  Erlenmeyer  flask,  add  a 
few  drops  of  distilled  water  and  rub  the  mixture  to  a  smooth  paste  with  a  glass 
rod  flattened  on  end.  Mix  in  a  small  beaker  30  grams  of  C.P.  "  Tested  Purity  " 
crystallized  sodium  acetate,  2.4  grams  of  C.P.  potassium  iodide,  10  cc.  of  water 
and  10  cc.  of  50%  acetic  acid;  stir  until  all  is  liquid,  warming  gently;  if  neces- 
sary add  2  to  3  cc.  of  H2O,  cool  to  room  temperature  and  pour  into  the  flask  con- 
taining the  red  lead.  Hub  with  the  glass  rod  until  nearly  all  the  red  lead  has  been 
dissolved;  add  30  cc.  of  water  containing  5  or  6  grams  of  sodium  acetate,  and 
titrate  at  once  with  decinormal  sodium  thiosulphate,  adding  the  latter  rather 
slowly  and  keeping  the  liquid  constantly  in  motion  by  whirling  the  flask.  When 
the  solution  has  become  light  yellow,  rub  any  undissolved  particles  up  with  the 
rod  until  free  iodine  no  longer  forms,  wash  off  rod,  add  the  sodium  thiosulphate 
s<3lution  until  pale  yellow,  add  starch  solution  and  titrate  until  colorless,  add 
decinormal  iodine  solution  until  blue  color  is  just  restored  and  subtract  the 
amount  used  from  the  volume  of  thiosulphate  that  had  been  added. 

Calculation*  The  iodine  value  of  the  sodium  thiosulphate  solution  multi- 
plied by  0.94193  ^PbOj;  the  iodine  value  multiplied  by  2.69973  =Pb,04;  the 
PbO,  value  muUipHed  by  2.86616  =Pb804. 

SoiUum  Thiosulphate  Solution  {decinormal).  Dissolve  24.83  grams  of 
C.P.  sodium  thiosulphate,  freshly  pulverized  and  dried  between  filter  paper, 
and  dilute  with  water  to  1  liter  at  a  temperature  at  which  the  titrations  are  to  be 
made.  The  solution  should  be  made  with  well-boiled  H2O,  free  from  COj,  or 
let  stand  eight  to  fourteen  days  before  standardizing.  Standardize  with  pure, 
r&sublimed  iodine,  as  described  in  the  chapter  on  Iodine,  page  204,  and  also  against 
pure  potassium  iodate.  The  two  methods  of  standardization  should  agree  within 
0. 1  %  on  iodine  value. 

Starch  Solution,  Two  to  3  grams  of  potato  starch  are  stirred  up  with  100  cc. 
of  1%  salicylic  acid  solution,  and  the  mixture  boiled  till  the  starch  is  practically 
dissolved  and  then  diluted  to  1  liter. 

The  red  lead  may  also  be  examined  for  zinc,  carbon  dioxide,  and  soluble 
sulphate. 

» Dingl.  Polyt.  Jour..  246,  196. 

« Zeitschrif t  far  analytische  Chenue,  26,  296. 
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The  second  method  for  determination  of  the  lead  peroxide  or  true  red  lead 
content  is  somewhat  shorter.* 

Treat  1  gram  in  a  beaker  with  15  cc.  of  nitric  acid,  sp.gr.  1.2  (110  cc.  nitric 
acid,  sp.gr.  1.42  to  100  cc.  of  water).  Stir  the  sample  until  all  trace  of  red  color 
has  disappeared.  Add  from  a  calibrated  pipette  or  burette  exactly  10  cc.  cf 
dilute  hydrogen  dioxide  (1  part  of  3%  hydrogen  dioxide  to  3.5  parts  of  water). 
Add  about  50  cc.  of  hot  water  and  stir  until  all  the  lead  dioxide  has  passed  into 
solution.  In  the  case  of  some  coarsely  ground  oxides  the  contents  of  the  beaker 
may  have  to  be  gently  heated  to  effect  complete  solution.  After  the  oxide  has 
completely  passed  into  solution,  dilute  with  hot  water  to  about  250  cc.  volume 
and  titrate  directly  with  a  standard  potassium  permanganate  solution,  having 
an  iron  value  of  0.005.  Titrate  to  the  faint  pink  permanganate  color.  A  blank 
titration  on  the  hydrogen  dioxide  solution  must  now  be  made. 

Into  a  beaker  pour  15  cc.  of  nitric  acid  of  abovo  strength  and  add  exactly 
the  same  amount  of  hydrogen  dioxide  (10  cc).  Dilute  to  250  cc.  with  hot  water 
and  titrate  with  standard  potassium  permanganate  solution  to  a  faint  pink 
color. 

The  difference  between  the  number  of  cc.  of  potassium  permanganate  required 
for  the  blank  titration  and  the  number  required  for  the  red  lead  titration  is  the 
amount  required  for  the  hydrogen  dioxide  which  was  reacted  on  by  the  red  lead. 
The  dilTerence  between  the  two  amounts  of  potassium  permanganate  required 
multiplied  by  3.058  grams  gives  the  percentage  of  red  lead  present.  The  dif- 
ference multipHed  by  1.067  gives  the  percentage  of  PbOi  present. 

VERMILION 

The  following  portion  of  Walker's '  method,  will  suffice  for  the  examinatkn 
of  this  pigment.  Should  the  analyst  desire  to  determine  the  sulphide  of  mercury 
present  or  make  a  more  complete  examination — reference  may  be  made  to  the 
original  method. 

True  vermilion,  or,  as  it  is  generally  called,  English  vermilion,  is  sulf^iide 
of  mercury.  On  account  of  its  cost  it  is  rarely  used  in  paints,  and  is  liable  to  groes 
adulteration.  It  should  show  no  bleeding  on  boiling  with  alcohol  and  water  and 
no  free  sulphur  by  extraction  with  carbon  disulphide.  A  small  quantity  mixed 
with  five  or  six  times  its  weight  of  dry  sodium  carbonate  and  heated  in  a  tube 
should  show  globules  of  mercury  on  the  cooler  pyortion  of  the  tube.  The  best 
test  for  purity  is  the  ash,  which  should  be  not  more  than  one-half  of  1%.  Make 
the  detennination  in  a  porcelain  dish  or  crucible,  using  2  grams  of  the  sample. 
Ash  in  a  mufflle  or  in  a  hood  w^ith  a  very  good  draft,  as  the  mercury  fumes  are 
very  poisonous.    It  is  seldom  necessary  to  make  a  determination  of  the  mercuiy. 

Genuine  vermilion  is  at  the  present  time  little  used  in  paints.  Organic 
lakes  are  used  for  most  of  the  brilliant  red,  scarlet  and  vermilion  shades.  Tliese 
organic  coloring  matters  are  sometimes  precipitated  on  red  lead,  orange  mineral 
or  zinc  oxide;  but  as  a  usual  thing  the  base  is  barytes,  whiting  or  china  clay. 
Paranit  rani  line  red,  a  compound  of  diazotized  paranitraniline  and  betarnaphthol, 
is  largely  employed;  but  a  number  of  colors  may  be  used. 

Paranitraniline  red  is  soluble  in  chloroform.    It  is  also  well  to  try  the  solvent 

*  "  Analysis  of  Lead  and  Its  Coniiwunds,"  Schaeffer  and  White,  pp.  25-27. 

*  P.  H.  Walker,  Bulletin  109,  Revised,  Bureau  of  Chemistry,  U.  S.  Dept.  qf  Agfi, 
pp.  31-33. 
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action  on  different  reds,  of  sodium  carbonate,  etc.  The  amount  of  organic  pig- 
ment present  in  such  reds  is  generally  very  small,  and  when  it  cannot  be  deter- 
mined by  ignition  owing  to  the  presence  of  lead,  zinc  or  carbonate,  it  is  best  deter- 
mined by  difference. 

IRON  OXIDES 

The  iron  oxides  and  manganese  oxide  pigments  include  the  ochres,  umbers, 
siennas,  Venetian  red,  metallic  brown,  Indian  red  and  Tuscan  red. 

In  analyzing  these  pigments,  the  following  constituent's  are  sought;  moisture, 
loss  on  ignition,  insoluble  residue,  iron  oxide,  manganese  dioxide,  calcium  and 
magnesium  oxides  and  sulphur  trioxide. 

Owing  to  the  similarity  of  the  methods  used  for  the  analysis  of  these  pigments 
to  those  used  in  the  analysis  of  iron  ores,  the  analyst  is  referred  to  p.  211  on  the 
Analysis  of  Iron  Ores,  or  to  the  method  of  Walker.^ 


BLUE  PIGMENTS 

In  examining  blue  pigments,  only  three  are  found  of  conamercial  importance 
in  the  manufacture  of  paints;  namely,  Prussian  blue,  ultramarine  blue  and  sub- 
limed blue  lead. 

Sublimed  blue  lead  is  the  fume  product  resulting  from  the  smelting  of  lead 
ores.  In  composition  it  consists  of  lead  sulphate,  lead  sulphide,  lead  sulphite, 
lead  oxide  and  zinc  oxide,  with  occasional  traces  of  carbon.  It  is  finding  its  great- 
est use  as  an  inhibitive  pigment  for  the  protection  of  iron  and  steel.  Its  color 
is  a  bluish  gray. 

Prussian  blue  is  the  double  iron  and'  potassium  salt  of  hydroferrocyanic  .and 
hydroferricyanic  acids. 

Ultramarine  blue  is  essentially  a  silicate  and  sulphide  of  sodium  and  aluminum. 

ULTRAMARINE  BLUE 

Moisture.    Heat  2  grams  at  105®  C.  for  two  hours. 

Silica.  Digest  1  gram  with  30  cc.  of  concentrated  HCl,  taking  care  to 
avoid  spattering.  Evaporate  to  drjmess,  dehydrate,  moisten  with  cone.  HCl, 
dehydrate  a  second  time,  dilute,  filter,  and  determine  the  silica  by  volatilization 
with  H,S04  and  HF. 

Aluminum  Oxide.  In  the  filtrate  from  the  silica,  precipitate  the  aluminum 
hydroxide  and  determine  in  the  usual  manner.    Report  as  aluminum  oxide. 

Sodium  Oxide.  The  filtrate,  after  the  removal  of  the  aluminum  hydroxide  is 
acidified  with  HsS04.  Evaporate  to  dryness,  ignite  at  a  low  red  heat,  and  weigh 
the  sodium  sulphate.    Calculate  to  sodium  oxide. 

Total  Sulphur.  Fuse  1  gram  with  a  mixture  of  KNOs  and  NajCOs.  Dissolve 
the  fused  mass  in  HCl,  boil  with  cone.  HNOa  for  one-half  hour,  remove  the 
insoluble  residue  and  determine  the  sulphuric  acid  in  the  usual  way.    See  p.  628. 

Sulphur  Present  as  Sulphate.  Dissolve  1  gram  in  dilute  HCl  and  boil 
until  all  the  hydrogen  sulphide  is  removed.  Filter  off  the  insoluble  residue  and 
jletermine  the  sulphate  in  the  filtrate. 

1  Bulletin  109,  Revised,  Bureau  of  Chemistry,  U.  S.  Dept.  Agri.,  pp.  33-34. 
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PRUSSIAN  BLUE— (CHINESE  BLUE)— ANTWERP  BLUE 

Moisture.    Heat  2  grams  at  105**  C.  for  two  hours.     Dry  Prussian  blue 
should  contain  less  than  7%  moisture. 

Nitrogen.    Determine  the  nitrogen  present  by  the  Kjeldahl-Gunning  method. 

Iron  and  Aluminum  Oxides.  Ignite  1  gram  at  a  low  temperature,  sufficient 
to  decompose  all  the  blue,  but  not  to  render  the  iron  difficultly  soluble.  Digest 
the  residue  with  (111)  HCl.  Any  insoluble  residue  is  examined  for  silica, 
barium  sulphate  and  alumina.  A  pure  Prussian  blue  should  show  no  insoluble 
residue.  The  filtrate  is  examined  for  alumina,  iron  and  calcium  in  the  usual 
way. 

An  aliquot  portion  of  the  filtrate  after  the  removal  of  the  calcium  is  examined 
for  the  alkaline  metals.    Calculate  any  alkaline  metal  present  to  sulphate. 

Sulphuric  Acid.  Determine  the  sulphiuic  acid  in  an  aliquot  portion  after 
removal  of  the  calcium. 

Commercial  Analysis.  The  method  of  Parry  and  Coste^  is  sufficiently 
accurate  to  determine  the  Prussian  blue  in  most  instances. 

By  multiplying  the  percentage  of  iron  by  3.03  or  the  percentage  of  nitrogen 
by  4.4,  the  percentage  of  Prussian  blue  is  directly  determined. 

In  the  case  of  Chinese  blue,  tin  salts  are  frequently  found.  The  presence 
of  these  salts  should  be  sought  by  a  qualitative  examination. 

SUBLIMED  BLUE  LEAD^ 

Total  Lead.  The  total  lead  content  is  determined  by  the  volumetric  method 
for  lead  as  outlined  under  Sublimed  White  Lead. 

Total  Sulphur.  Treat  0.5  gram  with  10  cc.  of  water  and  a  few  cc.  of  bromine 
water.  Boil  gently  until  all  the  bromine  has  passed  off.  Dilute  with  water, 
add  another  portion  of  bromine  water,  boil,  and  continue  the  treatment  until 
the  sediment  has  become  white  in  color.  Add  8  cc.  of  nitric  acid,  evaporate 
until  the  brown  fumes  of  nitric  acid  have  disappeared,  dilute  with  water  and  add 
an  excess  of  sodium  carbonate.  Determine  as  outlined  under  Zinc  Lead  and 
Leaded  Zinc. 

Lead  Sulphate.  On  a  separate  sample  determine  the  sulphate  directly  s^ 
outlhied  under  Zinc  Lead  and  Leaded  Zinc,  without  any  preliminary  treatment 
for  the  oxidation  of  sulphites  and  sulphides. 

Lead  Sulphite.  Boil  IJ  gnuns  with  3  grams  of  sodium  carbonate.  Allow 
to  stand,  filter  and  thoroughly  wash.  Treat  the  filtrate  with  bromine  water  as 
outlined  under  Total  Sulphur  and  determine  the  combined  sulphur  present  as 
sulphate  and  sulphite.  Deduct  the  amount  present  as  sulphate  and  calculate  to 
sulphite. 

Lead  Sulphide.  Deduct  the  sulphur  present  as  sulphate  and  sulphite  from 
the  total  sulphur  and  report  the  difference  as  lead  sulphide. 

Lead  Carbonate.  Determine  any  CO2  present  by  the  evolution  method  and 
calculate  to  lead  carbonate.    See  p.  103. 

Lead  Oxide.  Deduct  the  lead  present  as  sulphate,  sulphite,  sulphide  and 
carbonate  from  the  total  lead  and  report  the  difference  as  lead  oxide. 

>  The  Analyst,  21,  225-230,  1896. 

* "  The  Chemical  Analysis  of  Lead  and  its  Compounds,"  Schaeffer  and  )Miitei 
pp.  22-24. 
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Zinc  Oxide.  Determine  the  zinc  volumetrically  as  outlined  under  Sublimed 
White  Lead  and  report  as  zinc  oxide. 

Carbon  and  Volatile  Matter.  Ignite  the  sample  in  a  partially  covered 
crucible  at  a  low  heat  for  two  hours.  Report  the  difference  in  weight  as  carbon 
and  volatile  matter. 

YELLOW  AND  ORANGE  PIGMENTS 

Chrome  Yellows — American  Vermilion— Basic  Lead  Chromate 

The  pigments  under  this  class  all  contain  chromates,  with  the  exception  of 
orange  mineral,  which  is  analyzed  as  under  Red  Lead.  Frequently  they  contain 
lead  sulphate  and  sometimes  lead  carbonate.  A  pure  chrome  yellow  should  con- 
tain only  lead  chromate  and  insoluble  lead  compounds.  Owing  to  the  frequent 
use  of  organic  colors  to  brighten  up  the  pigment,  it  is  essential  that  a  test  be  made 
for  organic  colors  as  outlined  under  Vermilion. 

The  analjrsis  of  these  pigments  is  carried  out  in  the  following  manner: 

Moisture.    Heat  2  grams  at  105**  C.  for  two  hours. 

Insoluble  Residue.  Treat  1  gram  with  25  cc.  of  concentrated  HCl,  boil 
and  during  the  boiling  add  a  few  drops  of  alcohol,  one  at  a  time.  The  solution 
is  diluted  to  100  cc,  the  boiling  is  continued  for  ten  minutes  and  any  insoluble 
residue  is  filtered  o£f,  thoroughly  washed  and  examined  for  silica,  barium  sulphate 
and  alumina. 

Lead.  The  solution  is  nearly  neutralized  with  NH4OH  and  the  lead  is  pre- 
cipitated as  PbS  with  H«S.  Filter  off  the  precipitate  of  PbS,  dissolye  in  HNOj, 
add  HjSOi,  boil  to  strong  fumes  and  determine  as  outlined  under  Sublimed  White 
Lead  or  weigh  as  PbS04. 

Chromium.  The  filtrate  from  the  lead  precipitation  is  boiled  until  all  the 
HjS  is  driven  off.  The  solution  is  rendered  alkaline  with  NH4OH  and  the  chro- 
mium is  precipitated  and  determined  as  chromic  oxide.  Calculate  to  chromic 
anhydride. 

Zinc,  Calcium  and  Magnesium.  Precipitate  the  zinc  in  the  filtrate  with 
HjS  and  determine  as  previously  outlined,  either  volumetrically  or  gravimetrically. 

In  the  filtrate  from  the  zinc  precipitation,  determine  the  calcium  and  mag- 
nesium in  the  usual  manner. 

If  any  carbonates  are  present,  determine  by  the  evolution  method. 

Sulphuric  Acid.  Determine  the  total  sulphate  as  outlined  under  Zinc  Lead 
and  Leaded  Zinc  on  p.  627. 

Calculations.  Any  chromic  anhydride  is  calculated  to  lead  chromate,  sul- 
phuric acid  to  lead  sulphate,  if  calcium  sulphate  is  absent,  and  any  residual  lead 
is  calculated  to  lead  oxide. 

GREEN  PIGMENTS 

Chrome  Green 

Green  pigments  are  usually  mixtures  of  chrome  yellow  and  Prussian  blue, 
though  organic  color  is  sometimes  present,  which  may  be  determined  by  an 
extraction  with  alcohol. 

A  microscopic  examination  should  be  made  to  determine  whether  the  green 
is  a  combined  precipitation  ppduct,  which  is  of  the  greater  value,  or  one  mixed 
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after  separate  precipitation.  A  good  green  will  show  the  presence  of  green  and 
blue  particles,  while  a  poor  green  will  show  yellow  and  blue  particles  mixed  'with 
green.    The  analysis  may  be  carried  out  as  follows:  * 

Moisture.    Heat  2  grams  at  105°  C.  for  two  hours. 

Insoluble  Residue.  Heat  1  gram  at  a  low  heat  until  the  blue  color  has  been 
decomposed,  keeping  the  temperature  sufficiently  low  so  as  not  to  render  any  of 
the  iron  or  lead  chromate  insoluble.  Determine  the  insoluble  residue  as  outlined 
under  Yellow  Pigments,  on  p.  639. 

Lead.    Determine  as  outlined  under  Yellow  Pigments. 

Iron,  Alumina  and  Chromium.  All  the  HxS  is  expelled  from  the  filtrate 
after  the  lead  precipitation  by  boiling.  Add  a  few  drops  of  HNO»,  boil  a  few 
minutes  and  precipitate  the  aluminum,  iron  and  chromium  hydroxides  with 
NH4OH.  Filter,  wash,  dissolve  the  precipitate  in  HCl,  and  make  up  the  solution 
to  a  definite  volume. 

In  one  pyortion  the  three  hydroxides  are  precipitated  together  with  NH4OH 
and  weighed.  Another  portion  is  treated  in  a  flask  with  an  excess  of  KOH  and 
bromine  water  until  the  iron  hydroxide  has  assumed  its  characteristic  reddish- 
brown  color.  Dilute  with  water,  filter,  wash  and  determine  the  iron  in  the 
usual  way.  Render  the  filtrate  from  the  iron  precipitation  acid  with  HNOj, 
precipitate  the  aluminum  hydroxide  with  NH4OH  and  weigh  as  AUOi. 

Chromium  is  determined  in  the  filtrate  by  reduction  to  a  chromic  salt  with 
HCl  and  alcohol,  precipitated  with  NH4OH  and  weighed  as  oxide.  Any  method 
for  the  separation  of  the  above  hydroxides  may  be  used  in  place  of  the  one 
outlined. 

Calcium  and  Magnesium.  These  constituents  are  determined  in  the  filtrate 
from  the  precipitation  of  the  above  hydroxides. 

Sulphuric  Acid.  One  gram  after  ignition  until  all  the  blue  has  been  decom- 
posed, is  dissolved  in  30  cc.  of  cone.  HCl,  diluted  with  water,  boiled,  filtered, 
and  washed.    The  sulphuric  acid  is  determined  in  the  filtrate. 

Nitrogen.    Determine  as  outlined  under  Prussian  Blue. 

Calculation.  The  Prussian  blue  is  determined  by  multiplying  the  iron 
found  by  3.03  or  the  nitrogen  formed  by  4.4.  The  sulphate  is  calculated  to  lead 
sulphate  and  calcium  sulphate,  should  calcium  be  present,  and  the  chromium  to 
lead  chromate. 

BLACK  PIGMENTS 

The  black  pigments  include  those  which  contain  carbon  as  their  essential 
constituent.  The  introduction  of  many  black  pigments  which  are  made  from 
asphaltic  and  coal-tar  mixtures  complicates  their  chemical  analysis.  For  thoee 
pigments  which  contain  coal-tar  mixtures,  recourse  may  be  had  to  works ' 
covering  this  matter  thoroughly. 

The  analysis  of  the  simple  black  pigments  may  be  carried  out  in  the  following 
way: 

Moisture.    Dry  2  grams  at  105°  C.  for  two  hours. 

Oil.    Extract  2  grams,  with  ether  in  a  fat-extraction  apparatus. 

Carbon.    Determine  the  carbon  by  difference  after  dftgfiQiiuiig  the  moist- 

*  "  The  Analysis  of  Paints,"  Gard^'  *^^^^^^^— -_ 

'  Allen's  "  Commercial  Organic  iSStf^^^^^^^/jfft^ti  AJntB,*' 

Gardner  and  SchaefTer. 
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ure,  oU  and  ash.  For  an  exact  determination  of  carbon  make  a  combustion  test, 
absorbing  the  carbon  dioxide  in  soda-Ume  or  caustic  potash  as  usual. 

Ash.  Ignite  2  grams  to  a  bright  red  heat  until  all  the  carbon  is  driven  off. 
If  graphite  is- present,  the  ignition  must  be  carried  out  with  the  aid  of  oxygen. 
Should  carbonate  be  present,  mix  the  ash  with  a  small  amount  of  ammonium 
carbonate  and  again  ignite,  thus  reconverting  to  carbonate  any  oxide  which  may 
have  been  decomposed. 

Analysis  of  Ash.  The  ash  is  boiled  with  concentrated  HCl  and  the  insoluble 
residue  determined  in  the  usual  manner.  The  filtrate  is  examined  for  calcium, 
magnesium  and  phosphoric  acid. 

Calculate  the  magnesium  to  phosphate,  any  residual  phosphoric  acid  to 
calcium  phosphate  and  any  residual  calcium  to  carbonate. 

COMPLEX  COMPOUNDS— FERRO  AND  FERRI  CYANIDES 

Hydroferrocyanic  Acid 

One  gram  of  the  hydroferrocyanide  in  100  cc.  of  water  acidified  with  10  cc. 
of  sulphuric  acid  is  titrated  in  a  casserole  with  standard  potassium  permanganate 
to  a  permanent  pink  color.  The  end-point  is  poor,  so  that  it  is  advisable  to 
standardize  the  permanganate  against  pure  potassium  ferrocyanide. 

Reaction:  2H.Fe(CN).+0  -H,0+2HJ'e{CN). 

One  cc.  N  KMnO,-0.36S3  gram  K.Fe(CN),. 

Hydrofemcyanic  Acid 

Ten  grams  of  hydrofeiTicyanide  are  dissolved  in  water,  the  solution  made 
alkaline  with  KOH  and  heat«d  to  boiling  and  an  excess  of  ferrous  sulphate  solu- 
tion added.  The  yellowish  brown  firric  hydroxide  turns  black  with  excess  of 
ferrous  salt.  The  solution  is  diluted  to  exactly  500  cc.  and  50  cc.  of  a  filtered 
portion  titrated  with  potassium  permanganate. 

One  cc.  N  KMnO.-.3292  gram  K,Fe(CN),. 


CEMENT 

Richard  K.  Meade  * 

ANALYSIS  AND  TESTING  OF  CEMENTS 

The  tests  ordinarily  applied  to  Portland  cement  are  as  follows: 

Fineness. 
Specific  gravity. 
Setting  time. 
Soundness. 
Tensile  strength. 

Chemical  analysis  is  also  made,  particular  attention  being  paid  to  the  deter 
mination  of  magnesia,  sulphur  trioxide,  and  loss  on  ignition.  As  a  general 
rule,  however,  it  may  be  said  that  so  far  as  the  consumer  is  concerned,  more 
attention  is  paid  to  the  physical  tests  than  to  chemical  analysis. 

Standard  specifications  covering  the  requirements  for  cement,  both  chem- 
ical and  physical,  have  been  adopted  by  the  American  Society  for  Testing 
Materials,  and  by  the  U.  S.  Government.  The  former  are  generally  recogniied 
by  cement  users  as  the  standard  requirements,  while  the  latter  are  used  by  the 
various  branches  of  the  federal  government. 

The  methods  of  making  these  tests  follow. 

PHYSICAL  TESTING 

Fineness.  The  fineness  of  cement  is  usually  determined  by  sieving  a  wei^jed 
portion  through  sieves  having  openings  of  definite  sizes  and  observing  the  per 
centage  of  residue  caught  upon  these.  The  standard  sieves  for  cement  testing 
are  the  No.  100  and  the  No.  200.  The  No.  100  cement  test  sieve  has  100 
openings  to  the  linear  inch  and  is  called  the  100-mesh  sieve.  Since  the  siie  of 
these  openings  will  be  influenced  by  the  size  of  the  wire  used  to  weave  the  cloth 
of  the  sieve,  the  No.  100  sieve  is  made  of  wire  having  a  diameter  of  0.0045  in. 
As  it  Ls  practically  an  impossibility  to  obtain  wire  having  exactly  100  meshes 
to  the  linear  inch,  any  sieve  will  be  considered  standard  which  contains  from 
96  to  100  meshes  to  the  linear  inch  and  is  made  of  brass  wire  of  the  proper  diam- 
eter (0.0045  inch).  Similiirly  the  No.  200  sieve  (200-mesh)  should  contain 
between  188  and  200  meshes  to  the  linear  inch  and  be  made  of  brass  wire  0.0024 
in.  in  diameter.  The  spacnig  should  be  regular,  and  in  purchasing  a  new  lot 
of  sieves  the  number  of  meshes  in  each  should  be  coimted,  and  the  cloth  eiomined 
for  irregularities.  The  sieves  should  be  about  8  ins.  in  diameter,  2 J  ins.  deep 
and  provided  with  a  cover  and  a  pan  2  ins.  deep.  The  standard  specifications 
and  the  U.  S.  Government  specifications  require  the  following  degrees  of  fiw- 
ness : 

'  Chemical,  Mechanical  and  Industrial  Engineer,  Baltimore,  Md. 
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.  25% 

■    10% 


PorOaj^d  Cement. 

Residue  on  No.  100  aieve,  not  over .  . 
Residue  on  No.  200  sieve,  not  over. , 

Natiiral  Cement. 

Residue  on  No.  100  sieve,  not  over.  , 
Residue  on  No.  200  sieve,  not  over . . 

The  method  of  making  the  test  is  as  follows:  The  cement  to  be  tested  is  dried 
for  one  hour,  in  an  air  bath,  at  a  temperature  of  from  100  to  110°  C.  (212  to 
2.30°  F.);  50  grams  of  this  are  then  weighed  into  the  No.  200  sieve,  which  should 
also  contain  a  few  large  (B.B.  size)  buck-shot  and  have  its  pan  attached.  The 
cover  is  now  placed  on  the  sieve  and  the  latter  held  in  one  hand,  in  a  slightly 
inclined  patition,  and  moved  forward  and  backward,  at  the  same  time  striking 
the  side  gently  with  the  palm  of  the  other  hand,  at  the  rate  of  about  200  strokes 
per  minute.  The  operation  is  continued  until  not  more  than  one-tenth  of  1% 
<0.05  gram)  passes  through  after  one  minute  of  continuous  sieving.  The  residue 
is  then  weighed,  placed  on  the  No.  100  sieve  and  the  operation  repeated.  The 
results  should  be  reported  to  the  nearest  tenth  of  1%. 

Specific  Gravi^.  The  standard  instrument  for  determining  specific  gravity 
is  the  one  dasigned  by  Le  Chatelier,  which  is  shown  in  Fig.  93.  This  consists 
of  a  flask  of  120  cc,  capacity,  the  neck  p 

of  which  is  about  20  cm.  long.  In  the 
middle  of  this  neck  is  a  bulb,  above  and 
below  which  are  two  marks.  The 
volume  between  these  marks  is  20  cc, 
and  the  neck,  which  has  a  diameter  of 
9  cm.,  is  graduated  into  tenths  of  cc. 
above  the  bulb. 

In  making  the  determination,  which 
can  be  done  in  either  of  two  ways, 
benzine  (62°  B4.  naphtha)  or  kerosene 
free  from  water  should  \m  used,  and  the 
sample  of  cement  should  be  dried  for 
at  least  one  hour  at  from  1 00  to  1 1 0°  C. 
and  cooled  to  room  temperature.    To 

make  the  test  fill  the  flask  to  the  mark  pjg  93  ~ 

E  with  the  liquid,  next  weigh  out  Le  Chalelier's  Specific  Gravity  Apparatus, 
exactly  64  grams  of  cement  and  intro- 
duce into  the  neck  of  the  flask  by  means  of  a  funnel.  The  funnel  stem  should 
reach  below  the  mark,  F,  on  the  stem,  so  that  should  any  of  the  liquid  fall  against 
the  side  of  the  neck,  it  will  be  below  the  space  eventually  occupied  by  the  liquid. 
The  cement  is  added  cautiously  towards  the  last  until  the  liquid  fills  the  bulb, 
C,  and  rises  to  the  mark,  P,  on  the  stem.  The  remainder  of  the  cement  is  then 
weighed,  and  from  this  the  wey^ht  of  cement  which  displaces  20  ec.  is  calculated. 
From  which 

„      .„            .         Difference 
Specific  gravity  = ^— ■ 

Instead  of  the  above  method  the  operator  may  add  the  entire  64  grams  of 
cement.    This  will  bring  the  surface  of  the  liquid  to  one  of  the  divisions  on  the 
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neck  above  the  mark,  F.    This  reading  on  the  neck  plus  20  will  give  the  number 
of  cc.  displaced  by  64  grams  of  cement.    Then: 


Specific  gravity  = 


64 


20+ Heading  on  neck* 


Care  must  be  taken  to  keep  the  temperature  of  the  liquid  constant  during 
the  test. 

Both  sets  of  specifications  require  a  specific  gravity  of  at  least  3.10. 
Normal  Consistency.  In  order  to  properly  make  the  pastes  and  mortan 
used  in  the  following  tests,  the  amount  of  water  to  be  used  to  moke  a  paste  or 
mortar  of  a  definite  state  of  plasticity,  called  "Normal  Consistencj',"  must  be 
detenmned.  The  ''standard  specification"  prescribes  for  doing  this  the  Vkat 
needle.  This  consists  of  a  frame,  X,  Fig.  94,  bearing  a  movable  rod,  L,  with 
the  cup,  Af  at  one  end,  and  at  the  other,  the  cylinder,  B,  1  cm.  (0.39  in.)  in 

diameter,  the  cap,  rod,  and  cylinder 
weighing  300  grams  (10.58  os.).  The 
rod,  which  can  be  held  in  any  desiml 
position  by  a  screw,  F,  carries  an  mdi- 
cator,  which  moves  over  a  scale  (grad- 
uated to  centimeters)  attached  to  the 
frame,  K.  The  paste  is  held  by  ft 
conical,  hard  rubber  ring,  /,  7  cm. 
(2.76  ins.)  in  diameter  at  the  base, 
4  cm.  (1.57  ins.)  high,  resting  on  a 
glass  plate,  /,  about  10  cm.  (3.SM 
ins.)  square. 

The  cement  is  weighed  and  placed 
on  the  mixing  slab,  which  should  be 
about  24  ins.  square,  and  of  plate 
glass  or  sheet  brass.  A  crater  is  then 
fonned  in  the  center,  into  which  the 
proper  percentage  of  clean  water  is 
poured,  and  the  material  turned  into 
this  crater  by  the  aid  of  a  trowel.  As  soon  as  the  water  has  l)een  absorbed, 
which  should  not  rccjuire  more  than  one  minute,  the  operation  is  completed  by 
a  vigorous  kneading  with  the  hands,  for  one  and  a  half  minutes,  the  procew 
being  similar  to  that  used  in  kneading  dough.  A  sand-glass  affords  a  convenient 
guide  for  the  time  of  kneading.  The  hands  should  be  protected  by  rubber 
gloves. 

The  paste  is  now  formed  into  a  ball,  pressed  into  the  rubber  ring,  through 
the  larger  opening,  smoothed  off  and  placed  (on  its  large  end)  on  a  glass  plate 
and  the  smaller  end  smoothed  off  with  a  trowel.  The  paste,  confined  in  the  ring, 
and  resting  on  the  glass  plate,  is  placed  under  the  rod  having  the  c>'linder, 
which  is  brought  in  contact  with  the  surface  and  quickly  released.  The  paste 
is  of  normal  consistency  when  the  cylinder  penetrates  to  a  point  in  the  naass 
10  mm.  below  the  top  of  the  ring.  Great  care  should  be  taken  to  fill  the  ring 
exactly  to  the  top.  ^ 

Probably  the  majority  of  cement  testers  determine  normal  consistency  by 
the  ball  test.    This  consists  in  forming  the  paste  into  a  ball  and  dropping  it 
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onto  the  table  from  a  height  of  18  ins.  If  of  DonnsI  consistency  the  ball  vill 
"neither  flatten  nor  crack — the  former  if  too  wet  and  the  latter  if  too  dry.  Most 
cements  require  about  20  to  24%  of  water  for  normal  consistency. 

The  proper  percentage  of  water  for  sand  mortar  is  found  from  the  following 
table,  the  first  column  of  which  gives  the  percentage  of  water  found  by  trial 
as  above  to  give  normal  consistency,  and  the  second  column  shows  the  per- 
centage of  water  for  sand  mortar. 


Percent AOB  o 


R  Rtandard  Rani 


Onecenwnl. 

Oiw  nment,     ' 

One  cement. 

U>r».Undard 

Nmi. 

three  ■Undard 

OtUwa  Had. 

Ottawa  Mad. 

15 

8.0 

23 

9.3        ' 

31 

10.7 

IB 

8.2 

24 

9  5 

32 

10.8 

17 

S.3 

25 

9.7 

33 

11.0 

18 

8.5 

2fl 

9.8 

34 

11.2 

19 

8.7 

27 

10.0 

35 

11.3 

20 

8.8 

28 

10.2 

36 

11.5 

21 

9.0 

29 

10  3 

37 

11.7 

22 

9.2 

30 

10.5 



38 

11.8 

Setting  Time.  In  making  the  test,  a  paste  of  normal  consistency  is  moulded 
and  placed  under  the  rod,  L,  Fig.  94,  aa  described  above;  this  rod,  bearing  the 
cap,  D,  at  one  end  and  needle,  H,  1  mm.  (0.039  in.)  in  diameter,  at  the  other, 
weighing  300  grams  (10.58  oz.)  The  needle  is  then  carefully  brought  in  con- 
tact with  the  surface  of  the  paste  and  quickly  released. 

The  cement  has  its  imlud  eel  when  the  needle  ceases  to  pass  a  point  5  mm. 
above  the  glass  plate,  and  Ua  final  set  the  moment  the  needle  ceases  to  sink 
visibly  into  the  mass. 

A  einipler  test,  devised  by  Gen.  Gilmore,  is  much  more  used  than  the  above 
and  consists  of  mixing  cakes  of  neat  cement, 
3  ins.  in  diameter  and  ^  in.  thick,  to  the 
consistency  shown  by  the  ball  test  and 
observing  when  they  will  bear  a  needle  -^  in. 
in  diameter  weighted  with  1  pound.  This 
is  noted  at  the  initial  set.  The  final  set  is 
the  time  after  which  they  will  bear  a  needle 
^  in.  in  diameter  weighted  with  1  lb.  In 
both  cases  the  set  is  the  time  expressed  in 
minutes  between  the  mixing  of  the  mortar 
and  the  failure  of  the  needle  to  penetrate 
the  surface.  A  good  cement  should  not  have 
its  initial  set  in  less  than  thirty  minutes, 
or  its  final  set  in  more  than  ten  hours. 

The  U.  8.  Government  specifications  call  for  a 
five  minutes. 

Fig.  95  shows  the  Gilmore  needles.  The  pats  should  be  made  with  a  fiat 
top  (so  as  not  to  catch  the  edge  of  the  needle  as  shown  in  Fig.  96)  and  if  made 
to  taper  towards  the  edge  may  be  used  for  the  soundness  test  also.    They  should 


FiQ.  95. — Gilmore  Needles. 


initial  set  of  forty- 


be  kept  in  a  moist  closet  or  under  a  damp  cloth  to  prevont  drying  out.    A  large 
covered  tin  box  containing  n  wet  Nponge  makex  a  good  moist  closet. 


Fi<i.  9*5. — Pat  fur  Determining  Setting  Time  and  Soundness. 


Soundness  or  Constancy  of  Volume.  For  this  test,  which  ia  intended  to 
rIiow  the  endurance  of  concrete  made  from  the  cement,  pats  about  3  ins.  in 
diameter  and  i  in.  thick  at  the  center,  and  tapering  to  a  thia  edga  should  be 
niuds  upon  a  clean  glass  plate  4  ins.  square.  The  paste  from  which  the  pals 
lire  made  should  l>c  of  nonnal  consistency  and  they  should  t>e  allowed  to  harden 
twenty-four  hours  in  a  moist  closet.  At  the  end  of  this  time  they  should  ba 
exposed  in  an  atmosphere  of  steam,  above  boihng  water,  in  a  loosely*  covered 
vessel  for  tlirce  hours.  At  the  end  of  this  time  the  pats  should  show  no  e^ 
of  cracking,  distortion,  or  disintc^p^tion.    Distortion   has  not   taken  place  if 


Fio.  07. — Appearance  of  Pats  Made  from  Sound  and  Unsound  Cement  after 


the  pat  sticks  t«  the  glass  plate.  Should  it  leave  the  plate,  howe\-er,  dislortion 
may  be  detected  by  applying  the  edge  of  a  ruler  to  the  under  side  of  the  pat. 

Fig.  97  shows  six  pats  which  have  been  steamed.  Pats  B  and  F  have  almost 
entirely  dbintegratcd,  while  B  is  «>mcwliat  better  and  A  and  D  almost  sound. 
Pat  C  lias  stood  the  test  HucccMsEuUy. 

The  cold-water  test  is  also  used  (principally  as  a  check  upon  the  stoo 
teat)  and  consists  in  inunorsing  a  pat  (similar  to  that  used  for  steam)  in  cold  wat« 
for  twenty-eight  days,  at  the  end  of  which  time  it  should  show  no  eigns  <t 
cracking,  distortion,  or  disintegratbn. 
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The  cracks  due  to  disintegration  should  not  be  confused  with  those  due  to 
drying  of  the  pat.  The  former  are  wedge  shaped  and  radiate  from  the  center 
of  the  pat,  while  the  latter  are  usually  running  across  the  middle  of  the  pat  or 
around  its  edges.  Shrinkage  cracks  due  to  drying  are  usually  developed  in  a 
day  or  so,  and  are  due  to  too  thin  (wet)  a  paste.  Disintegration  cracks  rarely 
appear  until  after  two  or  three  days,  and  are  due  to  expansives  in  the  cement. 
The  cracking  of  the  glass  to  which  the  pat  is  attached  during  boiling  means 
nothing  to  condemn  the  cement,  and  is  due 
merely  to  unequal  expansion  of  the  pat 
and  glass  by  the  heat  and  a  firm  adhesion 
of  the  one  to  the  other. 

Where  only  a  few  tests  have  to  be 
made,  a  convenient  form  of  boiler  consists 
of  a  tin  bucket  provided  with  a  tin  top. 
A  few  holes  to  permit  exit  of  the  steam 
are  made  in  the  top  and  a  shelf  of  wire 
net  or  perforated  tin  is  placed  in  the 
bucket.  The  pats  are  set  on  this  and 
should  be  at  least  2  ins.  above  the  water. 
Tensile  Strength.  The  tensile  strength 
of  cement  is  tested  both  neat  and  with 
sand.  In  both  tests  the  paste  or  mortar 
is  moulded  into  a  test-piece  called  a  bri- 
quette, shown  in  Fig.  98,  the  least  cross- 
section  of  which  is  1  sq.in.  in  area.  The 
moulds  (Fig.  99)  should  be  made  of  brass 
or  bronze.  They  are  made  to  permit  of 
the  making  of  but  one  briquette  at  a  time 
(single  moulds)  or  to  permit  of  moulding  a 
number  of  briquettes  simultaneously  (gang 
moulds). 

The  mortar  is  mixed  just  as  described  under  the  heading  ''Normal  Con- 
sistency," about  125  grams  of  cement  being  used  for  each  neat  briquette,  or  500 
grams  for  a  gang  of  four  briquettes. 

Immediately  after  mixing  the  mortar  or  paste,  the  moulds  should  be  filled, 
the  material  pressed  in  firmly  with  the  fingers  and  smoothed  off  with  a  trowel 

without  ramming;  the  material 
should  be  heaped  up  on  the 
upper  surface  of  the  mould,  and, 
in  smoothing  off,  the  trowel 
should  be  drawn  over  the  mould 
in  such  a  manner  as  to  exert  a 
moderate  pressure  on  the  excess 
materials.    The  mould  should  be  turned  over  and  the  operation  repeated. 

The  moulds  containing  the  briquettes  should  then  be  kept  in  a  moist  closet, 
or  under  a  damp  cloth  until  the  briquettes  have  hardened  sufficiently  to  remove 
from  the  moulds,  usually  in  about  four  to  eight  hours.  On  removal  from  the 
mould,  the  briquettes  should  be  kept  in  the  moist  closet  until  they  are  twenty-four 
hours  old,  when,  with  the  exception  of  the  one-day  briquettes,  which  are  broken 
immediately,  they  should  be  placed  in  water,  kept  at  as  near  21^  C.  as  possible. 


details  for  bri.quette. 
Fig.  98. 
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The  briquettes  are  then  removed  from  the  water  at  inten'als  and  imnudiakly 
broken  by  means  of  some  form  of  testbg  machine.  Fig.  100  shows  the  Fair- 
banks cement-testing  machine.  In  tliis  machine  the  briquette  is  held  in  tiif 
clips,  N  and  N,  and  a.  stress  is  applied  to  it  t)iroui(h  the  levers,  C  and  R,  by  tbe 
v-eigiit  of  fine  shot  fnlling  into  the  bucket,  F.  After  the  specimen  breal^  tlie 
stress  required  to  rupture  it  is  found  by  weighing  the  shot;  the  beam,  R,  being 
graduated  for  this  purpose.  In  placing  ttie  briquette  in  the  clips  great  can 
must  be  exercised  to  center  it  properly,  ai 
cross  strains  tend  to  lower  the  breakiaf; 
Btrcn)rth.  The  briquettes  must  be  broken 
OS  soon  us  they  are  removed  from  tbe 
water  and  the  flow  of  shot  into  the  buekst 
i^hould  be  so  regulated  as  to  represent  a 
load  of  alKiut  600  lbs.  per  minute. 

Fig.  101  shoK's  the  Rield£  automatic 
ccment-tcsting  machine,  Thia  is  a  ner 
type  of  machine  which  is  coming  into  geneni 
u;<e  for  cement  testing,  as  it  does  any 
with  some  of  the  errors  in  the  older  fonu. 
In  tliis  type,  the  initial  load  is  avoided  hv 
balancing  a  bucket  of  shot  against  a  weigbt 
and  tlie  load  is  applied  to  the  test  specimen 
by  allowing  the  shot  to  nin  out  of  tbe 
bucket.  The  load  acting  through  tiie  le\Hs 
breaks  tlie  briquette  when  the  shot  is  rut 
off  by  means  of  an  automatic  val^-e.  Tbe 
shut  flowing  out  of  the  bucket  are  caught 
in  a  large  cup  resting  on  a  spring  snk 
which  registers  the  load.  This  can  be  reaJ 
as  soon  as  the  briquette  breaks.  The  beam 
should  he  kept  horizontal  b)'  means  of  the 
lover  anti  wonn  gear  as  shown  by  the  pointer  on  the  beam. 

Hritiuettes  arc  usually  broken  in  series  from  two  to  five  each.  The  periods  ni 
breaking  are  after  one  day,  seven  days,  twenty-eiglit  daj-s,  three  montlis.  siJ 
mouths,  one  year,  two  years,  throe  years,  five  years,  ten  years,  ete.  The  tesl' 
of  one  year  and  upwards  arc  usually  called  long-time  tests.  In  some  laboratori^ 
only  one-day,  seven-day  and  twenty-cightKlay  tests  are  made.  The  one-day 
briquettes  are  bniken  exactly  twenty-four  hours  after  they  are  made,  the  se«n- 
day  briquettes  seven  days  after,  et-c. 

Sand  briquettes  are  made  of  a  mixture  of  one  part  cement  and  three  oS 
standard  pand,  and  these  are  first  mixed  dry  and  then  the  water  in  added  and 
the  moulding  done  as  for  neat  britiuottcs.  The  standard  sand  at  the  present 
time  is  a  natund  sand  from  Ottawa,  III.,  which  is  obtained  from  the  Otta«'» 
i;!iUca  Sand  Co.,  Sandusky,  0.  It  phould  lie  screened  to  pasa  a  sie^■e  made  of 
wires  COlC^S  in.  in  dbmeter  and  of  20  meshes  to  the  linear  inch  and  to  l-e 
retained  by  a  ;iO-inesh  siei-c  (of  0.0112  in.  diameter  wire).  Some  testers,  how- 
ever, use  crus!icd  quartz,  such  as  is  used  in  the  manufacture  of  sand-paper, 
sized  to  pass  a  No.  20  sieve  and  bo  retained  on  a  So.  30.     The  Ottawa  faod, 


t  the  highc 
twenty-four  liour  i>criod8. 


'  results.    Xo  sand  briquettes  arc  usually  broken  ii" 
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Both  sets  of  specifications  require  a  minimum  strength  of  500  lbs.  neat, 
and  200  ibs.  with  sand  after  seven  days,  and  600  lbs.  neat  and  275  with  sand 
after  twenty-eight  days,  and  also  that  the  average  figures  in  each  case  must 
be  higher  for  the  latter  than  for  the  former  period. 

Notes.    Aft«r  use,  the  moulds  should  be  scraped  free  of  hardened  cement 
with   a  piece  of  soft  metal   (such  as 
copper  or  zinc),  brushed    off  with    a 
stiff  blacking  brush,  and  wiped  with  a 
cloth  and  a  little  machine  oil. 

Neat  briquettes  should  be  marked 
with  a  stencil  so  as  to  identify  them, 
and  the  sand  briquettes  placed  in  the 
water  below  the  neat  ones  in  such  a 
manner  as  to  identify  the  former. 
Usually  the  sand  briquettes  are  placed 
edgewise  in  the  wat«r,  and  the  cor- 
responding neats  are  placed  edgewise 
on  top  of  the  sand. 

Small  troughs  or  tanks  consisting 
merely  of  galvanized  iron  pans,  3  ins. 
deep,  may  be  purchased  and  will  an- 
swer where  only  a  few  tests  are  to 
be  made.  Otherwise  shallow  wooden 
troughs  lined  with  zinc  will  be  found 
convenient.  They  may  be  placed  one 
above  the  other. 

Apparatus  Needed  for  Cement  Testing. 
be  needed  for  cement  testing: 


Fig.  101. 
Riehl6  Automatic  Cemeat-testing  Machine. 

The  following  apparatus  will 


1.  Apparatus  for  specific  gravity,  Le  Chatelier's. 

2.  Scale  for  fineness. 

3.  Sieve — 100  mesh,  standard. 

4.  Sieve— 200  mesh,  standard. 

5.  Vicat  apparatus  (or  Gilmore  needles), 

6.  Trowel— 8  ins. 

7.  Rubber  gloves. 

8.  Measuring  glass — 500  cc.  capacity. 

9.  Slab  of  glass  (or  brass),  24X24  ins. 

10.  Scale,  capacity,  1000  grams. 

11.  Weights  for  above  scale. 
12-  Glass  plates-^  X  4  ins. 

13.  Moulds. 

14.  Testing  machine. 

15.  Standard  sand. 

16.  Galvanized  iron  pan,  24X24X13  ins. 
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STANDARD   METHOD   FOR  CHEMICAL  ANALYSIS   OF 

PORTLAND   CEMENT  1 

Solution 

One-half  gram  of  the  finely  powdered  substance  is  to  be  weighed  out  and, 
if  a  limestone  or  unbumed  mixture,  strongly  ignited  in  a  covered  platinum  cru- 
cible over  a  strong  blast  for  fifteen  minutes,  or  longer  if  the  blast  is  not  powerful 
enough  to  effect  complete  conversion  to  a  cement  in  this  time.  It  is  then  trans- 
ferred to  an  evaporating  dish,  preferably  of  platinum  for  the  sake  of  celerity  in 
evaporation,  moistened  with  enough  water  to  prevent  lumping,  and  5  to  10  cc. 
of  strong  HCl  added  and  digested  with  the  aid  of  gentle  heat  and  agitation  until 
solution  is  complete.  Solution  may  be  aided  by  light  pressure  with  the  flattened 
end  of  a  glass  rod.'  The  solution  is  then  evaporated  to  dryness,  as  far  as  this 
may  be  possible  on  the  bath. 

Silica  (SiOs) 

The  residue  without  further  heating  is  treated  at  first  with  5  to  10  cc.  of 
strong  HCl,  which  is  then  diluted  to  half  strength  or  less,  or  upon  the  residue 
may  be  poured  at  once  a  larger  volume  of  acid  of  half  strength.  The  dish  is 
then  covered  and  digestion  allowed  to  go  on  for  ten  minutes  on  the  bath,  after 
which  the  solution  is  filtered  and  the  separated  silica  washed  thoroughly  with 
water.  The  filtrate  is  again  evaporated  to  dryness,  the  residue,  without  fu^ 
ther  heating,  taken  up  with  acid  and  water  and  the  small  amount  of  silica  it 
contains  separated  on  another  filter  paper.  The  papers  containing  the  residue 
are  transferred  wet  to  a  weighed  i>latinum  crucible,  dried,  ignited,  first  over 
a  Bunsen  burner  until  the  carbon  of  the  filter  is  completely  consumed,  and  finally 
over  the  blii^t  for  fifteen  minutes  and  checked  by  a  further  blasting  for  ten 
minutes  or  to  constant  weight.  Tiie  silica,  if  great  accuracy  is  desired,  is  treated 
in  the  crucible  with  about  10  cc.  of  HFl  and  4  drops  of  HjSOi,  and  evaporated 
over  a  low  flame  to  coniplcto  dr>'ness.  The  small  residue  is  finally  blasted,  for 
a  minute  or  two  cooked  and  weighed.  The  difference  between  this  weight  and 
the  weight  previously  obtained  gives  the  amount  of  silica.* 

Alumina  and  Iron  (AI2O3  and  Fe203) 

The  filtrate,  about  250  cc,  from  the  second  evaporation  for  SiOj,  is  made 
alkaline  with  NH4()H  after  adding  HCl,  if  need  be,  to  insure  a  total  of  10  to  15 
cc.  of  strong  acid,  and  Ixjilcd  to  expol  excess  of  NH»,  or  until  there  is  but  a  faint 
odor  of  it,  and  the  precipitated  iron  and  aluminum  hydrates,  after  settling,  are 
washed  once  by  docantation  and  slightly  on  the  filter.  Setting  aside  the  filtrate, 
the  precipitate  is  dissolved  in  hot  dilute  HCl,  the  solution  passing   into  the 

*  McthcKl  Suj?g(»stcd  for  the  Analysis  of  Limestones^  Raw  Mixtures,  and  Portland 
Cements  bv  the  Committee  on  Unifonnity  in  Technical  Analysis  with  the  Adrice 
of  W.  F.  Hillo!)rand. 

*  If  anything  remains  imdcoomnosed  it  should  be  separated,  fused  with  a  little 
NasCOj,  dissolved  and  jiddod  to  the  original  solution.  Of  course  a  small  amount  of 
separated  non-Relatinous  silica  is  not  to  be  mistaken  for  undecon^posed  matter. 

^  VoT  ordinary  (M)ntrol  in  the  plant  laboratory  this  correction  may,  perhapa,  be 
neglected;  the  double  evaporation,  never. 
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beaker  in  which  the  precipitation  was  made.  The  aluminum  and  iron  are  then 
reprecipitated  by  NH4OH,  boiled  and  the  second  precipitate  collected  and  washed 
on  the  same  filter  used  in  the  first  instance.  The  filter  paper,  with  the  pre- 
cipitate, is  then  placed  in  a  weighed  platinum  crucible,  the  paper  burned  off 
and  the  precipitate  ignited  and  finally  blasted  five  minutes,  with  care  to  pre- 


1 


vent  reduction,  cooled  and  weighed  as  AUOj+FejO 

Iron  (Fe203) 

The  combined  iron  and  aluminum  oxides  are  fused  in  a  platinum  crucible 
at  a  very  low  temperature  with  about  3  to  4  grams  of  KHSO4,  or,  better,  NaHS04, 
the  melt  taken  up  with  so  much  dilute  HtSO*  that  there  shall  be  no  less  than 
5  grams  absolute  acid  and  enough  water  to  effect  solution  on  heating.  The 
solution  is  then  evaporated  and  eventually  heated  till  acid  fumes  come  off 
copiously.  After  cooling  and  redissolving  in  water,  the  small  amount  of  silica 
is  filtered  out,  weighed  and  corrected  by  HFl  and  H2SO4.*  The  filtrate  is  reduced 
by  zinc,  or  preferably  by  hydrogen  sulphide,  boiling  out  the  excess  of  the 
latter  afterwards  while  passing  COi  through  the  flask,  and  titrated  with  per- 
manganate.' The  strength  of  the  permanganate  solution  should  not  be  greater 
than  .0040  gram  FejOa  per  cc. 

Lime  (CaO) 

To  the  combined  filtrate  from  the  AUOa+FejOa  precipitate  a  few  drops  of 
NH4OH  are  added,  and  the  solution  brought  to  boiling.  To  the  boiling  solution 
20  cc.  of  a  saturated  solution  of  ammonium  oxalate  are  added,  and  the  boiling 
continued  until  the  precipitated  CaCjO*  assumes  a  well-defined  granular  form. 
It  is  then  allowed  to  stand  for  twenty  minutes,  or  until  the  precipitate  has 
settled,  and  then  filtered  and  washed.  The  precipitate  and  filter  are  placed 
wet  in  a  platinum  crucible,  and  the  paper  burned  off  over  a  small  flame  of  a 
Bunsen  burner.  It  is  then  ignited,  redissolved  in  HCl,  and  the  solution  made 
up  to  100  cc.  with  water.  Anmionia  is  added  in  slight  excess,  and  the  liquid 
is  boiled.  If  a  small  amount  of  AhOs  separates,  this  is  filtered  out,  weighed, 
and  the  amount  added  to  that  found  in  the  first  determination,  when  greater 
accuracy  is  desired.  The  lime  is  then  reprecipitated  by  ammonium  oxalate, 
allowed  to  stand  until  settled,  filtered,  and  washed,*  weighed  as  oxide  by  ignition 
and  blasting  in  a  covered  crucible  to  constant  weight,  or  determined  with  dilute 
standard  permanganate.* 

Magnesia  (MgO) 

The  combined  filtrates  from  the  calcium  precipitates  are  acidified  with  HCl 
and  concentrated  on  the  steam  bath  to  about  150  cc,  10  cc.  of  saturated  solution 

*  This  precipitate  contains  TiOj,  PaO^^  Mn304. 

*  This  correction  of  AlsOjFejOa  for  silica  should  not  be  made  when  the  HFl  cor- 
irection  of  the  main  silica  has  been  omitted,  unless  that  silica  was  obtained  by  only 
«ne  evaporation  and  filtration.  After  two  evaporations  and  filtrations  1  to  2  milli- 
grams ot  SiOs  are  still  to  be  found  with  the  AljOaFezOs. 

•*  In  this  way  only  is  the  influence  of  titanium  to  be  avoided  and  a  correct  result 
obtained  for  iron. 

*  The  volume  of  wash-water  should  not  be  too  large ^  vide  W.  F.  Hildebrand. 
•The  accuracy  of  this   method  admits    of  criticism,  but  its  convenience  and 

jmpidity  demand  its  insertion. 
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of  Na(NH4)HP04  are  added,  and  the  solution  boiled  for  several  minutes.  It 
is  then  removed  from  the  flame  and  cooled  by  placing  the  beaker  in  ice  water. 
After  cooling,  NH4OH  is  added  drop  by  drop  with  constant  stirring  until  the 
crystalline  ammonium-magnesium  ortho-phosphate  begins  to  form,  and  then 
in  moderate  excess,  the  stirring  being  continued  for  several  minutes.  It  is  then 
set  aside  for  several  hours  in  a  cool  atmosphere  and  filtered.  The  precipitate 
is  redissolved  in  hot  dilute  HCl,  the  solution  made  up  to  100  ce.,  1  cc.  of  a  sat- 
urated solution  of  Na(NH4)HP04  added,  and  ammonia  drop  by  drop,  with 
constant  stirring  until  the  precipitate  is  again  formed  as  described  and  tte 
ammonia  is  in  moderate  excess.  It  is  then  allowed  to  stand  for  about  two  hours, 
when  it  is  filtered  on  a  paper  or  a  Gooch  crucible,  ignited,  cooled  and  weighed 
as  MgaPzOy.    Portland  cement  must  not  contain  more  than  4%  magnesia. 

Alkalies  (K2O  and  Na20) 

For  the  detcnniuation  of  the  alkalies,  the  w^ell-known  method  of  Prof.  J. 
Lawren(?e  Smith  is  to  be  followed,  either  with  or  without  the  addition  of  CaCX)i 
with  NH4CI. 

Anhydrous  Sulphuric  Acid  (SO3) 

One  gram  of  tlie  substance  is  dissolveil  in  15  cc.  of  HCl,  filtered  and  residue 
washed  thoroughh'.^ 

The  solution  is  made  up  to  250  cc.  in  a  beaker  and  boiled.  To  the  boiling 
solution  10  cc.  of  a  saturated  solution  of  BaCU  are  added  slowly  drop  by  dxog 
from  a  pipette  and  the  boiling  continued  until  the  precipitate  is  well  formed, 
or  digestion  on  the  steam  bath  may  be  substituted  for  the  boiling.  It  is  then 
set  aside  over  night,  or  for  a  few  hours,  filtered,  ignited  and  weighed  as  BaSO«> 
Both  specifications  require  cement  to  contain  not  more  than  1.75%  SO*. 

Total  Sulphur 

One  gram  of  the  material  is  weighed  out  in  a  large  platinum  crucible  and  fused 
with  NaaCOa  and  a  little  KNO3,  l^chig  careful  to  avoid  contamination  from  sul- 
l)hur  in  the  gases  from  source  of  heat.  This  may  be  done  by  fitting  the  crucible 
in  a  liole  in  an  asbestos  board.  The  melt  is  treated  in  the  crucible  with  boilinfl 
water  and  the  li(iuid  poured  into  a  tall,  narrow  beaker  and  more  hot  water 
added  until  the  mass  is  disintegrated.  The  solution  is  then  filtered.  The  fil- 
trate contained  in  a  No.  4  beaker  is  to  be  acidulated  Viith  HCl  and  made  up  to 
250  cc.  with  distilled  water,  boiled,  the  sulphur  precipitated  as  BaSO*  and  allowed 
to  stand  over  night  or  for  a  few  hours. 

Loss  on  Ignition 

Half  a  gram  of  cement  is  to  be  w^eighed  out  in  a  platinum  crucible,  placed 
in  a  liole  in  an  asbestos  board  so  that  about  three-fifths  of  the  crucible  projects 
below,  and  blasted  fifteen  minutes,  preferably  with  an  inclined  flame.  The 
loss  l)y  weight,  which  is  cheeked  by  a  second  blasting  of  five  minutes,  is  the  loss 
on  ignition.     This  must  not  be  more  than  4%. 

^  Evaporation  to  drj'noss  is  unncrcssar>',  unless  gelatinous  silica  should  have  sej** 
rated,  and  should  never  be  perfornied  on  a  bath  heated  by  gas;  vide  W.  F.  Hildebnii 
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May,  1903:  Recent  investigations  have  shown  that  large  errors  in  results 
are  often  due  to  the  use  of  impure  distilled  water  and  reagents.  The  analyst 
should,  therefore,  test  his  distilled  water  by  evaporation  and  his  reagents  by 
appropriate  tests  before  proceeding  with  his  work. 

Insoluble  Residue 

In  addition  to  the  above  the  U.  S.  Government  specifications  require  the 
cement  to  show  not  more  than  1%  insoluble  residue  as  determined  below. 

A  1-gram  sample  is  digested  on  the  steam  bath  in  HCl  of  approximately 
1.035  sp.gr.  until  the  cement  is  dissolved.  The  residue  is  filtered,  washed  with 
hot  \vater,  and  the  filter  paper  and  contents  digested  on  the  steam  bath  in  a 
5%  solution  of  sodium  carbonate.  The  residue  is  then  filtered,  washed  with 
hot  water,  then  with  hot  HCl  (1.035  sp.gr.)  and  finally  with  hot  water,  then 
ignited  at  a  red  heat  and  weighed.  The  quantity  so  obtained  is  the  insoluble 
residue. 

RAPID  METHOD  FOR  CHEMICAL  ANALYSIS  OF 

PORTLAND  CEMENT! 

Before  submitting  the  cement  to  a  chemical  analysis  it  should  be  passed 
through  a  No.  100  test  sieve  to  free  it  from  pieces  of  clinker  too  large  to  be 
quickly  attacked  by  the  acid. 

Weigh  0.5  gram  of  cement  into  a  wide  platinum  or  porcelain  dish.  The 
former  is  the  more  expensive  of  the  two,  but  it  is  a  better  conductor  of  heat 
and  there  is  no  danger  of  contaminating  the  solution  with  silica,  etc.,  from  the 
dish,  if  the  evaporation  is  conducted  in  platinum.  The  silica  can  also  be 
entirely  removed  from  a  platinum  dish.  Now  stir  up  the  sample  of  cement  in 
the  dish  with  10  cc.  of  cold  water  until  all  lumps  are  broken  up,  and  add  imme- 
diately 10  cc.  of  cold  dilute  hydrochloric  acid  (1  :  1).  Place  the  dish  on  a  water 
bath  and  evaporate  to  dryness,  stirring  occasionally.  The  water  bath  will 
evaporate  as  fast  as  anything  else  and  there  is  no  danger  of  the  silica's  spatter- 
ing, which  it  is  apt  to  do,  unless  the  operation  is  very  carefully  watched,  when 
a  hot  plate  is  used.  As  soon  as  the  contents  of  the  dish  are  dry,  cool,  add  10 
cc.  of  dilute  hydrochloric  acid  and  30  cc.  of  water,  digest  five  or  ten  minutes  on 
the  hot  plate,  filter  and  wash  ten  times  with  hot  water.  Evaporate  the  filtrate 
to  dryness.  Cool,  add  10  cc.  of  dilute  hydrochloric  acid  and  50  cc.  of  water 
to  the  contents  of  the  dish,  cover  with  a  watch-glass  and  digest  on  the  hot  plate 
for  five  or  ten  minutes.  Filter  off  the  slight  residue  of  silica  on  a  9-cm.  filter, 
wash  well  (seven  to  ten  times)  with  hot  water  and  put  in  a  weighed  platinum  crucible 
together  with  the  silica  obtained  from  the  first  filtration.  Ignite  over  the  Bunsen 
burner  until  all  the  filter  paper  is  consumed  and  then  ignite  strongly  over  a 
blast  lamp  for  ten  minutes.  Cool  in  a  desiccator  and  weigh  as  Si02;  multiply 
the  weight  by  200  for  per  cent  of  silica,  SiOj. 

Heat  the  filtrate  to  boiling  and  add  a  faint  but  distinct  excess  of  ammonia. 
This  can  be  most  conveniently  done  by  means  of  a  ])ottle,  fitted  with  a  siphon 
tube,  the  end  of  which  terminates  in  a  jet,  connected  to  it  b}^  a  short  piece  of 
rubber  tubing,  which  is  closed  by  a  pinch  cock.     The  ])ottle  stands  on  a  shelf 

*  Method  used  in  the  laboratories  of  most  cement  companies  and  for  routine 
work. 
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over  the  reagent  table,  and  the  Biphon  extends  to  within  six  inches  of  the  sur- 
face of  the  table.    The  beaker  is  placed  under  the  jet,  and  the  ammonia  can 
be  very  carefully  and  conveniently  added  by  pressing  the  pinchcock.    Aft€r 
adding  the  ammonia  replace  the  beaker  on  the  hot  plate  and  boil  for  five  minutes. 
Remove  from  the  hot  plate  and  allow  the  precipitate  to  settle.     Filter  onto 
an  11-cm.  filter  paper  and  wash  once  with  hot  water  to  collect  the  precipitate 
in  the  cone  of  the  filter.    Invert  the  funnel  over  the  beaker  in  which  the  pre- 
cipitation was  made  and  wash  practically  all  of  the  precipitate  into  this,  aUowing 
the  filter  to  remain  in  the  funnel.    Dissolve  the  precipitate  in  20  cc.  of  I(KJc 
nitric  acid  (1  :  10)  and  dilute  the  solution  to  100  cc.    Heat  to  boiling  and  repre- 
cipitate  with  ammonia  as  before.    Boil  for  five  minutes,  allow  the  precipitate 
to  settle  and  filter  through  the  same  filter  paper  as  used  for  the  first  precipitatioD. 
Wash  once  with  hot  water.     Ignite  carefully  in  a  weighed  crucible  over  a  Bunsen 
burner  and  finally  blast  for  five  minutes.    Cool  and  weigh  as  combined  oxides 
of  iron  and  alumina,   FcjOa+AUOs.    This  precipitate  also  contains  manganese 
dioxide,  phosphoric  and  titanic  acids,  all  of  which  are  present  in  small  quantities 
in  the  cement.     Determine  the  iron  oxide  as  directed  further  on,  and  deduct 
from  the  combined  weights   for  the  alumina,  AUOs  (phosphoric  acid,  titanic 
acid,  etc.). 

Make  the  filtrate  from  the  iron  and  alumina  alkaline  with  anmionia;  boil 
and  add  20  cc.  of  boiling  saturated  ammonium  oxalate  solution  (or  better,  3  gram? 
of  solid  anmionium  oxalate  dissolved  in  25-50  cc.  of  boiling  water  just  prior  to 
use).  Stir  well,  allow  fifteen  minutes  to  settle,  filter  on  an  11-cm.  filter,  and 
wash  ten  times  with  hot  water,  using  as  little  as  possible  (about  100-125  cc.) 
to  do  the  work  well.     Proceed  as  in  A  or  B. 

A.  Gravimetric.  Place  the  precipitate  in  a  weighed  platinum  crucible, 
ignite,  and  weigh,  after  ignition  over  a  blast-lamp  to  constant  weight,  as  cal- 
cium oxide,  CaO.    Report  as  such. 

B.  Volumetric.  Transfer  the  paper  and  precipitate  to  the  beaker  in  which 
the  latter  was  fonned,  and  opening,  spread  it  out  against  the  upper  side  of  the 
l)eaker.  Wash  the  precipitate  off  the  paper  with  a  jet  of  hot  water,  fold  the 
paper  over,  add  50  cc.  of  dilute  (10%)  sulphuric  acid  (I  :  10)  to  the  contents 
of  the  beaker,  dilute  to  150  cc.  and  heat  until  the  liquid  is  between  GO  and  90' 
C.  Titrate  with  ]XTmanganate  solution  until  the  pink  color  is  produced.  AD 
this  time  the  paper  should  be  sticking  to  the  walls  of  the  beaker.  Now  drop 
this  into  the  sohition  and  stir.  The  pink  color  of  the  latter  will  be  discharfspd. 
Punish  the  titration  very  carefully  by  adding  pyermanganate,  a  drop  at  a  time, 
and  calculate  the  Ihne. 

If  the  filtrate  from  the  lime  measures  over  250  cc,  acidify  and  evaporate  until 
this  bulk  is  reached.  This  can  be  rapidly  done  by  using  a  large  (8  in.)  porcelain 
dish  in  the  following  manner:  Place  a  piece  of  wire  gauze  on  a  tripHxl  and  in  the 
center  of  this  a  round  piece  of  thin  asbestos  paper  about  the  size  of  a  sil\Tf 
dollar.  Now  place  the  dish  on  this  and  a  Bunsen  burner  turned  fairly  low 
under  the  asbestos  dish.  The  contents  of  the  dish  can  then  be  made  to  e\'apo- 
rate  rapidly,  without  boiling,  by  regulating  the  flame.  When  the  solution 
measures  250  cc,  transfer  to  a  beaker.  If  necessary,  cool  and,  when  perfectly 
cold,  add  15  cc  of  a  10%  solution  of  sodium  phospliate  and  25  cc.  of  strong 
anunonia.  Stir  thoroughly  and  set  aside  in  a  cool  place  for  at  least  six  hours. 
Filter,  wash  with  a  mixture  of  water  800  cc,  anmionia  (0.96  sp.gr.)  200  cc,  and 
ammonium  nitrate  100  grams;  place  in  a  weighed  platinum  or  port^lain  cnicibk 
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and  ignite  over  a  low  flame  until  all  carbon  is  burned  off.  (Do  not  use  the 
blast  lamp.)  Cool  in  a  desiccator  and  weigh  as  magnesium  pyrophosphate, 
which  weight  multiplied  by  72.38  gives  the  percentage  of  magnesia,  MgO. 

Weigh  1  gram  of  finely  ground  cement  into  a  small  beaker  and  add  15  cc. 
of  dilute  hydrochloric  acid,  heat  from  ten  to  fifteen  minutes  and  add  a  little 
water.  Heat  to  boiling  and  filter  ^  through  a  small  filter,  washing  the  residue 
well  w^ith  water  and  catching  the  filtrate  and  washings  in  a  small  beaker.  Add 
to  the  solution  5  cc.  of  dilute  hydrochloric  acid  and  bring  to  a  boil.  Add  care- 
fully, drop  by  drop,  stannous  chloride  solution  (25  grams  in  100  cc.  of  dilute 
1  :  3  hydrochloric  acid)  until  the  last  drop  makes  the  solution  colorless.  Add 
3  drops  in  excess.  Remove  from  the  burner  and  cool  the  liquid  by  setting  in 
a  vessel  of  cold  water.  When  nearly  cold,  add  15  cc.  of  saturated  mercuric 
chloride  solution  and  stir  the  liquid  with  a  glass  rod.  Allow  the  mixture  to 
stand  for  a  few  minutes,  during  which  time  a  slight  white  precipitate  should 
form.  Run  in  standard  bichromate  solution  carefully  from  a  burette  until  a 
drop  of  iron  solution  tested  with  a  drop  of  1%  solution  of  potassium  ferri- 
cyanide  no  longer  shows  a  blue,  but  instead  a  yellow  color.  Multiply  the 
number  of  cc.  of  bichromate  used  by  the  ferric  oxide  equivalent  per  cc.  of  the 
bichromate  and  divide  the  product  by  the  weight  of  the  sample.  The  result 
multiplied  by  100  gives  the  per  cent  of  the  ferric  oxide  in  the  cement.  The 
most  convenient  strength  for  the  standard  bichromate  solution  is  3.074  grams 
of  the  salt  to  the  liter.  One  cc.  of  this  solution  is  equivalent  to  0.005  gram 
ferric  oxide.  It  should  be  standardized  against  iron  wire  or  ferrous  anmionium 
sulphate. 

Weigh  1  gram  of  the  sample  into  a  small  dry  beaker  and  stir  it  up  vith 
10  cc.  of  cold  water  until  all  lumps  are  broken  up  and  the  lighter  particles  are 
in  suspension.  Add  7.5  cc.  of  dilute  (1:1)  hydrochloric  acid  and  heat  until 
solution  is  complete.  Filter  through  a  small  paper  and  wash  the  residue  thor- 
oughly. Dilute  the  filtrate  to  250  cc,  heat  to  boiling,  and  add  10  cc.  of  boiling 
10%  barium  chloride  solution.  Stir  well  and  allow  to  stand  overnight.  Filter, 
ignite,  and  weigh  as  BaSO*,  which,  multiplied  bv  34.29,  gives  the  percentage  of 
SO,. 

Place  one-half  gram  of  the  cement  in  a  clean  platinum  crucible  which  has 
been  previously  ignited  to  redness  and  cooled  in  a  desiccator.  Cover  with  the 
lid  and  weigh.  Ignite  for  fifteen  minutes  over. a  good  blast  lamp.  Rinse  off 
the  crucible  lid  with  hot  water  to  remove  volatile  salts  condensed  on  the  latter. 
Ignite  the  lid  to  redness  and  cool  the  crucible  and  lid  in  a  desiccator.  Weigh 
and  the  loss  in  weight  multiplied  by  200  is  **loss  on  ignition." 

For  the  alkalies  in  cement  see  analysis  of  clay. 

*  May  be  omitted  if  the  cement  practically  all  dissolvea.    Most  cements  do. 
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RAPID   METHOD   FOR  CHECKING    THE  PERCENTAGE  OF 
CALCIUM  CARBONATE   IN  CEMENT   MIXTURE 

The  following  rapid  method  is  generaUy  used  in  the  cement  industry  for 
checking  the  composition  of  the  ground  mixtiu^  of  raw  materials  before  these 
are  fed  into  the  kiln. 

Standard  Alkali 

This  should  be  exactly  2/5  normal  and  may  be  prepared  in  any  convenient 
manner.  Usually  8  or  10  liters  are  made  up  at  one  time  and  kept  in  a  bottle 
provided  with  a  siphon  tube  and  with  a  layer  of  coal  oil  on  top  of  the  solutioD 
about  J  in.  thick  to  prevent  the  absorption  of  carbon  dioxide  by  the  caustic 
soda. 

Phenolphthalein  should  l>e  used  as  an  indicator.  A  1%  solution  of  this  is 
employed. 

One  cc.  of  2/5  N  alkali  is  equivalent  to  exactly  0.02  gram  of  CaCX)i  or  to 
2%  where  1-gram  sample  is  used. 

Standard  Acid 

Take  the  specific  gravity  of  a  bottle  of  hydrochloric  acid,  using  a  hydrometer 
for  the  purpose.  Refer  to  a  table  of  specific  gravities  of  hydrochloric  acid  and 
calculate  from  this  the  quantity  of  acid  necessary  to  contain  97.0  grams  of  HG. 

Measure  this  quantity  of  the  acid  into  a  liter  flask  and  dilute  to  the  mark, 
pour  into  an  8-liter  bottle  and  add  7  liters  of  water,  measuring  with  the  flask. 
Mix  the  contents  of  the  bottle  well  by  shaking.  Ten  cc.  of  this  solution  shoaU 
be  equivalent  to  from  8.1  to  8.5  cc.  of  the  2/5  N  alkali  when  checked  by  adding 
a  drop  of  phenolphthalein  solution  and  numing  in  the  alkali  to  a  purple  red 
color.  If  its  value  does  not  lie  between  these  figures  add  acid  or  water  to  make 
it  of  this  strength. 

Standard  Sample 

A  standard  sample  of  raw  material  is  necessary  to  standardize  the  acid  and 
alkali  for  actual  use.  This  sample  should  be  ground  in  the  same  manner  as 
the  daily  run  of  samples  to  be  checked  by  the  acid  and  alkali.  It  should  afl 
pass  a  100-mesh  sieve  and  be  freed  from  hygroscopic  moisture,  by  drying  for 
some  hours,  at  110°  C.  Three  or  four  pounds  of  this  sample  should  be  prepared 
and  kept  in  air-tight  jars  or  bottles.  A  small  sample  (1  or  2  oz.)  of  this  shoukl 
be  placed  in  a  2-oz.  bottle  and  stoppered  with  a  rubber  cork  when  not  in  use. 
This  small  sample  can  then  be  redricd  for  an  hour  at  100-110**  C.  and  used 
for  standardizing,  avoiding  the  frequent  opening  and  mixing  of  the  contwits 
of  the  large  jars  or  bottles. 

After  drying,  the  standard  sample  should  be  carefully  analyzed.  It  shouW 
contain  approximately  the  quantity  of  carbonate  of  lime  which  it  is  desired  to 
have  in  the  mix,  and  the  amount  of  magnesia  should  also  be  normal.  When 
the  magnesia  varies  at  different  times,  fresh  standard  samples  should  be  pre 
pared  to  contain  these  varj^ing  percentages  of  magnesia;  otherwise  the  lime 
will  be  reported  incorrectly. 
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Standardizing  the  Acid 

Weigh  1  gram  of  the  standard  sample  into  a  600-cc.  Erlenmeyer  flask  and 
run  in  from  a  pipette  60  cc.  of  standard  acid.  Close  the  flask  with  a  rubber 
stopper,  having  inserted  through  it  a  long  glass  tube  30  ins.  long  and  about  f  in. 
internal  diameter.  Heat  the  flask  on  a  wire  gauze  over  a  burner  as  shown  in 
Fig.  102  until  steam  just  begins  to  escape  from  the  upper  end  of  the  tube.  The 
heating  should  be  so  regulated  that  the  opera- 
tion requires  very  nearly  two  minutes,  from  the 
time  the  heat  applied,  imtil  steam  issues  from 
the  tube.  Remove  the  flask  from  the  heat,  as 
soon  as  the  steam  escapes  from  the  tube,  and 
rinse  the  tube  into  the  flask,  in  the  following 
manner.  Rest  the  flask,  still  stoppered,  on  the 
table  and  grasp  the  tube  between  the  thumb 
and  forefinger  of  the  left  hand.  Direct  a  stream 
of  cold  water,  from  a  wash-bottle  in  the  right 
hand,  down  the  tube,  holding  the  latter  inclined 
at  an  angle  of  46°,  and  rolling  the  flask  from 
side  to  side  on  the  table,  in  sweeps  of  2  or  3  ft., 
by  twirUng  the  tube  between  the  finger  and 
thumb.  Unstopper  the  flask  and  rinse  off  the 
sides  and  bottom  of  the  stopper,  into  the  flask, 
and  wash  down  the  sides  of  the  latter.  Add  a 
drop  or  two  of  phenolphthalein  and  run  in  the 
standard  alkaU,  from  a  burette,  until  the  color 
changes   to   purple  red.    This  color  is   often 

obscured  until  the  organic  matter  settles,  so  it  -^       ino      *  r      t^ 

is  necessary  to  hold  the  flask  to  the  Hght  and  ^'^nl^Cai'irc^bina^^th 
observe  the  change  by  glancmg  across  the  sur-      Acid  and  Alkali. 
face.    A   little  practice  will  easily  enable  the 
operator  to  carry  on  the  titration  with  accuracy  and  precision. 

If  the  standard  sample  contains  L  per  cent  carbonate  of  lime  and  d  cc.  of 
alkali  are  required  to  produce  the  purple  red  color,  then,  to  find  the  carbonate 
of  linie  in  other  samples  it  is  only  necessary  to  subtract  the  number  of  cc.  of  alkali 
required  in  their  case  from  d,  multiply  the  difference  by  2,  and  add  to  L  for 
the  percentage  of  carbonate  of  lime  in  them;  or  the  number  of  cc.  is  greater 
than  d,  subtract  d  from  this  number,  multiply  by  2,  and  subtract  from  L  for 
the  carbonate  of  lime. 

In  order  to  avoid  all  calculations,  prepare  a  table  giving  the  various  per- 
centages of  carbonate  of  lime  corresponding  to  different  quantities  of  alkali. 

Determination 

Weigh  1  gram  of  the  sample,  which  has  been  ground  to  pass  a  100-mesh 
sieve,  into  the  flask,  add  50  cc.  of  the  standard  acid  and  proceed  as  directed 
under  standardizing  the  acid.  The  percentage  of  carbonate  of  lime  may  be 
found  from  the  number  of  cc.  of  alkali  used  either  from  the  preceding  table  or 
by  the  formula 

Per  cent  CaCO, =L+{d-S)X2, 
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where  L  and  d  have  the  same  values  as  in  the  paragraph  on  "Standardizing 
the  Acid"  and  S  represents  the  number  of  cc.  required  for  the  sample  whose 
composition  is  desired. 


ANALYSIS  OF  LIMESTONE,  CEMENT  ROCK,  LIME, 

ROSENDALE  CEMENT,  ETC. 

Dr.  Porter  W.  Shimer,  of  Easton,  Pa.,  modifies  the  standard  limestone  scheme 
by  fusing  the  sample  with  half  its  weight  of  sodiiun  carbonate.  By  this  means 
the  silicates  are  decomposed,  and  yet  the  quantity  of  sodium  carbonate  intro- 
duced into  the  solution  is  so  small  that  the  lime  and  magnesia  precipitates  are 
not  contaminated  with  sodium  salts.    Below  is  the  method. 

Silica,  etc.  Mix  thoroughly  0.5  gram  of  the  finely  ground  sample  with  \ 
gram  of  sodium  carbonate.  Place  over  a  low  flame  for  a  few  minutes,  then 
gradually  raise  the  flame.  Heat  over  the  full  flame  for  five  minutes  and  then 
over  the  blast  lamp  for  five  minutes.  There  will  be  no  complete  fusion,  only 
a  sintering.  Put  the  crucible  in  a  small  beaker  or  casserole  and  add  30  cc.  of 
water  and  10  cc.  of  hydrochloric  acid  (sp.gr.  1.10).  When  the  mass  is  dissdved 
out  of  the  crucible,  rinse  the  latter  off  into  the  beaker  and  remove  any  adhering 
matter  with  a  rubber-tipped  rod.  To  the  solution  in  the  beaker  or  casaerole 
add  a  little  bromine  water  or  a  few  drops  of  nitric  acid,  evaporate  to  dryness 
and  proceed  as  directed  in  the  analysis  of  Portland  cement. 

For  loss  on  ignition,  weigh  into  a  tared  platinum  crucible  0.5  gram  of  the 
sample.  Heat  at  first  over  a  low  flame,  then  gradually  raise  the  temperature 
and  finally  ignite  over  a  blast  lamp  until  it  ceases  to  lose  weight  on  reheatiog. 
Report  such  loss  in  weight  as  'Moss  on  ignition." 

To  determine  iron  and  alumina  separately,  fuse  the  precipitated  ferric  oxide 
and  alumina  with  caustic  potash  in  a  silver  crucible  or  dish.  Treat  with  water, 
boil,  and  filter.  Ignite  the  residue  after  washing  and  weigh  as  ferric  oxide. 
This  weight  subtracted  from  the  combined  weight  of  the  ferric  oxide  and  ahimina 
gives  the  weight  of  the  alutnina,  AljOa. 

To  determine  alkalies  in  limestone  use  the  method  described  for  clay,  onplov- 
ing  8  grams  of  the  sample  and  1  gram  of  ammonium  chloride^  but  no  calcium 
carbonate. 
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John  C.  Olsen' 

Difficulty  of  Complete  Separation  of  Elements.  As  the  great  majority  of 
the  substances  with  which  the  chemist  is  called  upon  to  deal  are  complex  rather 
than  simple,  a  careful  study  of  the  separation  of  the  elements  is  of  the  greatest 
importance.  Only  by  the  closest  attention  to  details  can  success  be  attained 
in  the  analysis  of  complex  substances.  The  importance  of  testing  precipitates 
for  impurities  and  the  solution  for  unprecipitated  portions  of  an  element  can- 
not be  too  strongly  urged.  Only  in  this  manner  can  the  accuracy  of  an  analysis 
be  assured. 

Limit  of  Accuracy  in  Analysis.  If  a  complete  analysis  is  made  the  sum  of 
all  the  constituents  must  be  very  close  to  100%.  A  summation  which  is  within 
.5%  can  generally  be  obtained  if  the  analysis  is  conducted  with  care  and  reliable 
methods  are  used.  In  general  the  analysis  of  an  unknown  substance  should  be 
conducted  in  duplicate.  If  the  duplicate  results  do  not  agree  within  .2  or  at  most 
.3%,  a  third  analysis  should  be  made.  As  the  error  of  most  determinations  is 
at  least  .1%,  it  is  unnecessary  to  calculate  results  to  more  than  hundredths  of  per 
cent.  As  the  error  in  each  determination  of  the  analysis  of  a  given  substance  may 
be  either  plus  or  minus,  the  practice  of  dividing  the  difference  between  the  sum- 
mation and  100%  among  the  various  determinations  is  not  justifiable. 

It  is  in  some  cases  possible  to  analyze  a  substance  in  such  a  manner  that  the 
results  are  accurate  to  the  hundredth  of  a  per  cent.  Such  results  may  be  computed 
to  the  .001  of  a  per  cent.  This  practice  is  common  in  the  analysis  of  metals. 
Large  quantities  of  the  metal  are  taken,  so  that  considerable  quantities  of  the 
impurities  which  are  present  in  small  amounts  are  obtained  for  determination. 
The  results  may  then  be  accurate  to  the  hundredth  of  a  per  cent.  This  does  not 
imply  a  higher  degree  of  accuracy  in  the  determination  of  a  given  element  than 
.1  of  a  per  cent.  For  example,  if  iron  were  present  in  copper  to  the  extent  of 
.5%,  a  determination  of  the  iron  which  is  accurate  to  .01%  of  the  impure  copper 
would  represent  an  error  of  ^  of  the  amount  of  in)n  present  in  the  copper.  In 
giving  the  results  of  such  analyses  the  percentage  of  the  main  constituent  is  obtained 
by  diflFerence,  so  that  the  summation  is  exactly  100%. 

Analysis  of  Type  Metal 

Alloy  of  Copper,  Lead,  Antimony,  Tin,  with  Small  Amounts  of  Iron 

and  Arsenic 

Solution  of  the  Alloy.  To  1  gram  of  the  alloy,  which  has  been  cut  into  small 
shavings  with  a  clean  knife,  or  sampled  by  means  of  a  clean  hack-saw  producing 
line  '*  sawings,"  are  added  15  cc.  concentrated  hydrochloric  acid.    The  solution 

*  "Quantitative  Chemical  Analysis,"  5th  Ed,  by  J.  C.  Olson.  D.  Van  Nostrand 
Companv,  Publishers. 

«  Professor  in  charge  of  Department  of  Chemistry,  Cooper  Union,  New  York  City. 
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is  gently  warmed  on  the  water  bath  and  a  drop  or  two  of  concentrated  nitric  arid 
is  added  occasionally  until  solution  is  effected.  All  of  the  metals  will  be  con- 
verted into  chlorides  which  will  remain  in  solution  with  the  possible  exception  of 
lead  chloride.  An  excess  of  nitric  acid  is  to  be  avoided,  as  it  tends  to  form  insoluhle 
metastannic  acid,  which  can  be  readily  distinguished  from  the  erjrstaUine  lead 
chloride.  If  metastannic  acid  forms,  the  operation  must  be  repeated,  using  leas 
nitric  acid  or  adding  it  less  frequently.  After  a  few  trials  the  correct  method  of 
adding  the  nitric  acid  is  Boon  acquired. 

Lead.  The  solution  is  allowed  to  cool  and  then  stand  at  least  one^ialf  hoar 
or  better  overnight  to  allow  the  lead  chloride  to  cr^'stallize  out.  Ten  times  tlie 
volume  of  absolute  alcohol  is  then  added  in  several  portions.  After  standing  for 
about  half  an  hour,  the  lead  chloride  is  filtered  off  on  a  Gooch  crucible,  washed 
with  a  mixture  of  4  parts  of  95%  alcohol  and  1  part  of  concentrated  hydrochlork 
acid,  and  finally  with  pure  alcohol.  It  is  dried  for  three  hours  at  150**  iand  weighed. 
The  great  advantage  of  this  method  of  separating  the  lead  is  that  the  very  trouble 
some  treatment  of  the  sulphides  of  the  metals  present  with  sodium  or  potasausi 
sulphide  is  avoided.  The  most  difficult  part  of  the  operation  is  the  solution  6i  the 
alloy. 

Copper  and  Iron.  The  filtrate  from  the  lead  chloride  is  heated  until  the  alcohol 
is  expelled.  Two  grams  of  tartaric  acid  and  an  excess  of  ammonia  are  added 
and  the  solution  warmed  until  the  precipitate  dissolves.  By  the  addition  of  5  cc. 
of  saturated  hydrogen-sulphide  water,  the  copper  and  the  small  amount  of  lead 
still  unprccipitatcd  as  well  as  a  trace  of  iron  which  may  be  present  may  be  pre- 
cipitated without  bringing  down  any  of  the  tin  and  antimony.  The  solution  is 
wanned  and  when  the  dark-colored  precipitate  has  settled,  1  cc.  of  the  hydrogen- 
sulphide  water  is  added  to  the  clear  supernatant  liquid.  If  no  further  precipi- 
tate is  produced,  the  solution*  Ls  filtered  and  the  precipitate  washed  with  water 
containing  hydrogen  sulphide. 

The  precii)itatc  is  dissolved  in  a  little  warm  dilute  nitric  acid  and  the  lead 
separated  as  sulphate,  the  nitric  acid  l>eing  expelled  by  evaporation  after  the 
addition  of  sulphuric  acid.  The  copper  is  ])recipitated  from  the  filtrate  as  sulphide 
and  if  small  in  amount  may  l.)e  ignited  and  weighed  as  oxide.  If  considerable 
copper  is  present  it  must  l)e  weighed  as  sulphide  or  without  precipitation  as  sul- 
phide may  be  sei)arated  electrolytically  fn)m  the  iron.  One  or  2  cc.  concentrated 
nitric  acid  arc  added  and  a  current  of  one-half  ampere  passed  until  all  the  copper 
Is  precipitated.  The  iron  may  then  l)e  precipitated  with  ammonia  and  weighed  &< 
oxide. 

Separation  of  Antimony  and  Tin.  The  solution  of  antimony  and  tin  is  acidi- 
fied with  liydrochloric  acid,  hydrogen  sulphide  passed,  and  the  precipitate  filtered 
off  and  W2ished  two  or  throe  times.  A  hole  is  niade  in  the  point  of  the  filter-paper 
by  means  of  a  glass  rod  and  the  bulk  of  the  precipitate  washed  into  a  beaker  «ith 
a  little  water.  Warm  dilute  hydrochloric  acid  is  poured  over  the  paper  to  dissoh^e  I 
tho  portion  of  the  precipitate  still  adhering  to  the  paper.  The  precipitate  in  the  j 
beaker  is  dissolved  by  warming  and  adding  concentrated  hydrochloric  acid.  The  I 
hydrogen  sulphide  is  deconipose<l  by  the  addition  of  a  cr^tal  of  potassium  chlorate 
and  warming,  i^me  pure  metallic  iron  is  added  and  the  solution  heated  on  the  | 
water  bath  for  about  one-half  hour  or  until  the  iron  is  nearly  dissolved.  The  l»e*  i 
cil)itated  antimony  is  filtered  off  on  a  Gooch  crucible,  a  little  iron  having  been 
sprinkled  on  the  aslx^tos.  The  precipitate  is  washed  with  boiled  water  to  vfaich 
considerable  hydrochloric  acid  has  been  added. 
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The  antimony  is  dissolved  in  hydrochloric  acid  to  which  a  little  potassium 
chlorate  has  been  added.  The  solution  is  wanned  to  expel  chlorine  and,  after  the 
addition  of  tartaric  acid  and  water,  hydrogen  sulphide  is  passed.  The  antimony 
sulphide  is  filtered  off  and  washed  with  water  containing  a  little  hydrogen  sulphide. 
The  moist  precipitate  is  rinsed  into  a  capacious  porcelain  crucible  with  water.  The 
small  portion  still  adhering  to  the  paper  is  dissolved  in  a  little  warm  ammonium 
sulphide  and  the  solution  allowed  to  flow  into  the  crucible.  The  solution  is 
evaporated  on  the  water  bath  after  the  addition  of  a  few  cc.  of  concentrated  nitric 
acid.  If  sulphur  separates,  a  little  liquid  bromine  is  added  when  the  solution  has 
become  quite  concentrated.  When  the  globule  of  sulphur  has  disappeared,  expel 
the  excess  of  nitric  acid  by  heating  on  the  hot  plate  or  with  the  Bunsen  burner, 
finally  heating  to  full  redness.  Cool  a  little,  sprinkle  some  ammonium  carbonate 
over  the  precipitate,  and  ignite  again  to  completely  expel  sulphuric  acid  and  weigh 
as  antimony  tetroxide,  Sb204. 

The  antimony  may  also  be  weighed  a**  the  trisulphide,  SbjSa.  The  precipitate 
is  filtered  on  a  weighed  Gooch  crucible,  and  heated  to  230?  in  a  stream  of  carbon 
dioxide  to  exclude  oxygen  until  constant. 

Tm.  To  precipitate  the  tin  in  the  filtrate  from  the  antimony  the  excess  of 
hydrochloric  acid  is  neutralized  with  ammonia,  the  solution  diluted  somewhat, 
warmed,  and  hydrogen  sulphide  passed  until  the  tin  is  entirely  precipitated.  The 
stannous  sulphide  is  washed  with  water  containing  hydrogen  sulphide  and  a  few 
grams  of  ammonium  sulphate.  It  is  dried  and  detached  from  the  paper  which  is 
burned.  The  precipitate  and  the  ash  are  placed  in  a  weighed  porcelain  crucible 
and  heated  very  gently  with  free  access  of  air  until  sulphur  dioxide  ceases  to  be 
given  off.  The  oxidation  may  be  assisted  by  the  addition  of  a  few  drops  of  nitric 
acid.  Finally  the  precipitate  is  strongly  heated  to  expel  sulphuric  acid,  which 
is  completely  removed  by  the  addition  of  a  little  ammonium  carbonate  and  again 
igniting.    It  is  weighed  as  stannic  oxide,  SnOt. 

Arsenic.  As  only  a  trace  of  arsenic  is  present,  a  5-  or  10-gram  portion  of  the 
alloy  should  be  taken  for  its  determination.  Dissolve  in  hydrochloric  acid  and 
ix>tassium  chlorate  and  warm  to  expel  the  chlorine.  Filter  off  the  lead  chloride  on 
asbestos  and  wash  a  few  times  with  dilute  hydrochloric  acid.  Add  one-third  the 
volume  of  concentrated  hydrochloric  acid  and  pass  hydrogen  sulphide.  Filter  off  the 
precipitate  consisting  of  the  sulphides  of  copper  and  arsenic  on  asbestos,  wash  with 
hot  water  containing  hydrogen  sulphide  and  a  little  hydrochloric  acid.  Dissolve 
the  arsenic  sulphide  by  washing  the  precipitate  with  a  little  warm  dilute  ammonia. 
Evaporate  the  solution  nearly  to  dryness  in  a  porcelain  dish.  Oxidize  the  arsenic 
by  wanning  with  concentrated  nitric  acid,  dilute  the  solution  somewhat,  neutralize 
with  filtered  ammonia,  and  add^  magnesia  mixture.  After  standing  twenty-four 
hours  filter,  wash,  ignite,  and  weigh  as  magnesium  pyroarsenate  accordin*g  to  the 
directions  given  in  chapter  on  Arsenic. 

Analysis  of  Soft  Solder 

Alloy  of  Lead  and  Tin,  Generally  Containing  Small  Amounts  of  Arsenic, 

Antimony,  Iron,  and  Zinc 

Solution  of  the  Alloy.  One  gram  of  the  alloy  is  weighed  out  and  transferred 
to  a  beaker  of  about  500-cc.  capacity.  Ten  cc.  of  concentrated  nitric  acid  and 
5  cc.  of  water  are  added.    The  beaker  is  covered  with  a  watch-crystal  and  heated 
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on  the  water  bath  until  the  alloy  is  completely  decomposed  and  the  nitrous  fumes 
are  entirely  expelled.  One  hundred  cc.  of  water  are  added  and  the  solution  boiled 
for  five  minutes  and  allowed  to  settle  for  one  hour.  The  stannic  oxide  is  filtered  off 
and  washed  with  hot  water.  The  moist  precipitate  may  be  introduced  into  a 
weighed  porcelain  crucible,  the  paper  burned  in  the  usual  manner,  and  finaOy 
heated  to  redness  for  ten  minutes. 

Tin.  When  the  precipitate  has  been  brought  to  constant  weight,  it  is  fused 
with  six  times  its  weight  of  a  mixture  of  equal  parts  of  sulphur  and  sodium  car- 
bonate. The  fused  mass  is  dissolved  in  hot  water  and  the  solution  filtered.  The 
insoluble  sulphides  are  washed  with  hot  water  and  treated  with  a  little  dilute 
hydrochloric  acid  and  the  paper  washed  with  water.  If  copper  is  present  it  will 
remain  on  the  paper  and  the  small  amount  present  may  be  weighed  as  CuO  after 
burning  the  pai)er  in  a  porcelain  cnicible  and  igniting  the  precipitate.  The  lead 
is  precipitated  by  the  addition  of  a  few  drops  of  sulphuric  acid  and  25  cc.  of  alcohol 
to  the  solution,  which  should  not  exceed  50  cc.  After  standing  one  hour,  the  pre- 
cipitate is  filtered  off  on  a  Gooch  crucible,  washed  with  alcohol,  dried  on  the  hot 
plate,  and  weighed.  The  filtrate  is  evaporated  until  the  alcohol  is  completely 
expelled.  Any  iron  present  is  precipitated  with  ammonia  and  weighed.  Hydrogen 
suli)hide  is  passed  through  the  filtrate  to  precipitate  any  zinc  present,  which  is 
filtered  off.  The  filtrate  from  the  insoluble  sulphides  will  contain  the  tin  as  a 
thiostniinatc  and  part  of  the  antimony  present  in  the  alloy  as  a  thioantimonate. 
The  solution  is  boiled  after  the  addition  of  caustic  soda  and  h^'drogen  peroxide 
until  it  is  nearly  decolorized.  On  acidifying  and  passing  hydrogen  sulphide  both 
metals  arc  pnn'ipitated  as  sulphides.  If  antimony  is  present  the  metals  should  be 
separated  by  the  method  given  under  Analysis  of  Type  Metal,  i>age  660.  The 
weight  of  the  imjnirities  found,  computed  as  oxides,  is  deducted  from  the  weight  of 
the  imiHirc  stannic  oxide. 

Lead.  The  filtrate  from  the  stannic  oxide  is  transferred  to  a  porcelain  dish, 
5  cc.  concciitratod  sulphuric  acid  added,  and  evaporated  until  fumes  of  sulphuric 
acid  are  evolved.  Cc^ol  the  dish  by  floating  it  in  cold  water  and  add  cautiously 
75  cc.  of  water.  Stir  thoroughly  and  add  25  cc.  of  alcohol.  Allow  the  solution  to 
stand  for  at  l(?ast  one  hour,  filter  off  the  lead  sulphate  on  a  weighed  Gooch  crucible, 
wash  with  alcohol  until  free  from  acid,  dry  on  the  hot  plate,  and  weigh. 

Arsenic  and  Antimony.  The  alcohol  is  completely  expelled  from  the  filtrate 
by  evaiK)niti<»n  and  any  arsenic  i)resont  precipitated  by  passing  hydrogen  sulphide. 
If  this  precipitate*  is  of  an  orange  color  instead  of  pure  yellow,  antimony  is  present. 
It  should  1)0  iiltorcd  off  and  washe<l  with  water  containing  a  little  hydrochloric 
acid  until  free  from  iron  and  hydrogen  sulphide.  It  is  then  washed  with  small 
portions  of  concentrated  ammonium  carbonate  solution  until  the  arsenic  Fuli>hide 
is  entirely  dissolved.  The  arsenic  is  roprecipitated  by  acidif>ing  the  solution  with 
hydrochloric  acid  and  passing  hydrogen  sulphide.  It  is  filtered  off  on  a  Gooch 
crucible  and  washed  with  water  containing  hydrogen  sulphide  and  a  little  hydro- 
chloric acid.  The  water  is  rcnu)vcd  l)y  alcohol  and  the  precipitate  digested  with 
carbon  disnlphidc  until  sulphur  is  entirely  removed.  The  arsenic  sulphide  is  dried 
at  100°  and  wcipli<'d.  If  antimony  is  abst»nt  the  treatment  with  ammonium  ca^ 
bonate  is  omitted,  the  precijHtate  being  filtered  off  on  a  Gooch  crucible,  washed, 
dri(^d,  and  weijrhed.  If  antimony  is  present  it  is  ignited  and  weighed  as  directed 
in  page  OJiO  under  th(^.  Analysis  of  Tyix;  Metal. 

Iron.  A  few  drops  of  bromine  water  are  added  and  the  solution  is  boiled  to  air 
'^»ze  the  iron  and  to  exjK*!  the  hydrogen  suli)hide.    The  iron  is  then  precipitated  by 
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making  the  filtrate  alkaline  with  filtered  ammonia  and  warming  for  a  few  minutes. 
It  is  filtered  off  on  a  small  paper  and  dissolved  by  adding  a  few  drops  of  dilute 
hydrochloric  acid.  The  paper  is  washed  with  about  75  cc.  of  water  in  small  por- 
tions. The  iron  is  reprecipitated  and  filtered  on  the  same  paper  after  moistening 
with  a  few  drops  of  ammonia.  After  washing  free  from  chlorides,  the  moist  paper 
is  transferred  to  the  weighed  platinum  crucible  and  ignited. 

Zinc.  Hydrogen  sulphide  is  passed  into  the  combined  filtrates  to  precipitate 
any  zinc  present,  which  is  filtered  off,  washed,  and  weighed  as  sulphide  after 
ignition  with  sulphur  in  a  stream  of  hydrogen. 

Analysis  of  Rose's  Metal 

Alloy  of  Lead,  Bismuth,  and  Tin,  Generally  Containing  Small  Amounts  of 

Copper,  Arsenic,  Antimony,  Iron  and  Zinc 

One  gram  of  the  metal  is  weighed  out  and  decomposed  with  nitric  acid  and  the 
stannic  oxide  is  weighed,  according  to  the  procedure  under  analysis  of  soft 
solder,  page  662. 

Lead.  To  the  filtrate  from  the  stannic  oxide  containing  the  nitrates  of  lead  and 
bismuth,  5  cc.  concentrated  sulphuric  acid  are  added.  The  solution  is  evapo- 
rated in  a  porcelain  dish  until  sulphuric-acid  fumes  are  given  off.  The  dish  may  be 
placed  on  the  hot  plate,  sand  bath,  or  wire  gauze  and  the  liquid  heated  to  just 
below  the  boiling-point  to  avoid  spattering.  When  the  acid  becomes  concentrated, 
the  heat  may  be  somewhat  increased.  The  hot  concentrated  solution  is  diluted 
by  slowly  pouring  it  with  constant  stirring  into  about  100  cc.  of  water  and  digested 
hot  for  about  half  an  hour  with  occasional  stirring.  The  lead  sulphate  is  then 
filtered  off  on  a  Gooch  crucible,  washed  with  10%  sulphuric  acid  until  the  wash- 
water  no  longer  gives  a  precipitate  on  making  it  alkaline  with  ammonia,  adding 
ammonium  carbonate,  and  warming.  The  sulphuric  acid  is  then  washed  out  with 
alcohol.  The  precipitate  is  dried  and  weighed.  It  is  tested  for  a  possible  contam- 
ination with  bismuth  as  follows :  It  is  dissolved  in  5  to  1 0  cc.  of  warm  concentrated 
hydrochloric  acid  and  50  cc.  of  absolute  alcohol  are  added  to  the  solution.  After 
standing  for  a  few  moments,  the  solution,  containing  the  bismuth  as  chloride,  is 
filtered  off.  By  nearly  neutralizing  with  ammonia,  and  largely  diluting  with  water, 
the  bismuth  is  precipitated  as  oxychloride  and  may  be  washed  with  water  contain- 
ing a  few  drops  of  hydrochloric  acid,  dried,  and  weighed. 

Bismuth.  In  the  filtrate  from  the  lead  sulphate,  the  bismuth  is  precipitated  by 
just  neutralizing  with  filtered  ammonia,  adding  a  few  drops  of  ammonium  carbonate 
and  warming  the  solution  gently  for  about  fifteen  minutes.  The  precipitate  is 
filtered  off  and  washed  a  few  times  with  water.  To  free  the  precipitate  from  a  small 
amount  of  basic  sulphate  it  is  dissolved  in  a  small  amount  of  dilute  nitric  acid  and 
reprecipitated.  The  precipitate  is  washed  with  water  containing  a  little  ammonium 
nitrate  and  dried.  It  is  removed  from  the  paper  as  completely  as  ]x>ssible  and 
placed  on  a  watch-crystal.  The  paper  is  replaced  in  the  funnel,  moistened  with  a 
tor^drops  of  dilute  nitric  acid,  and  washed  with  small  amounts  of  warm  water. 
TTie  wash-water  is  evaporated  to  dryness  in  a  fairly  large  weighed  porcelain  cruci- 
ble, and  the  residue  ignited  until  the  nitric  acid  is  completely  expelled.  The  main 
portion  of  the  precipitate  is  now  added,  heated  with  the  Bunsen  burner  and 
weighed  as  Bisd. 

Copper.    If  copper  is  present  in  the  alloy,  it  will  be  contained  in  the  two 
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filtrates  from  the  bismuth  precipitate.  Combine  these  filtrates,  acidify  Mith 
hydrochloric  acid,  and  concentrate  to  a  convenient  .bulk.  Pass  hydrogen 
sulphide  through  the  warm  solution,  filter,  and  wash  with  water  containing  hydro- 
gen sulphide.  Even  if  copper  is  absent,  a  small  black  precipitate  of  bismuth 
sulphide  will  be  obtained  at  this  point  because  of  the  slight  solubility  of  the  bismuth 
hydroxide  or  carbonate.  The  precipitate  may  be  tested  for  bismuth  by  treating 
with  a  little  dilute  hydrochloric  acid  and  diluting  the  filtrate.  A  white  precipitate 
indicates  bismuth.  The  copper  sulphide,  being  insoluble  in  dilute  hydrochloric 
acid,  remains  on  the  paper  and  may  be  ignited  together  with  the  paper  and  weighed 
as  oxide.  If  arsenic,  antimony,  iron  or  zinc  are  present  they  are  separated 
and  determined  by  the  methods  given  under  Analysis  of  Type  Metal,  page  664. 

Analysis  of  Wood's  Metal 

Alloy  of  Lead,  Bismuth,  Tin,  and  Cadmium,  Generally  Containing  Small 
Amounts  of  Copper,  Arsenic,  Antimony,  Iron  and  Zinc 

One  gram  of  the  metal  is  weighed,  dissolved  in  nitric  acid,  and  the  stannu: 
oxide  weighed  and  purified.  The  filtrate  from  the  tin  is  evaporated  to  dryness  on 
a  water  bath.  The  nitrates  are  converted  into  chlorides  by  evaporating  twice 
on  the  water  bath  to  a  small  bulk  after  the  addition  of  20  cc.  of  concentrated  hydro- 
chloric acid. 

Lead.  After  cooling,  25  cc.  absolute  alcohol  are  added.  The  mixture  is  stirred 
and  after  standing  some  time  the  chloride  of  lead  is  filtered  off  on  a  Gooch  crucible, 
and  washed  with  an  ice-cold  mixture  of  4  parts  of  95%  alcohol  and  1  part  of  con- 
centrated hydrochloric  acid.  It  is  dried  on  the  hot  plate  or  at  150**  for  three  hours 
and  weighed. 

Bismuth.  The  filtrate  is  diluted  with  about  one-half  liter  of  water  and  nearly 
neutralized  with  ammonia  (about  40  cc.  of  dilute  ammonia  will  be  required). 
After  standing  twenty-four  hours  the  bismuth  oxychloride  is  filtered  off  on  a  Gooch 
crucible,  washed  with  water  containing  a  few  drops  of  dilute  hydrochloric  acid, 
dried  at  110°,  and  weighed  as  BiOCl. 

The  bismuth  may  also  be  precipitated  as  bismuth  hydroxide  by  volatilizing 
most  of  the  alcohol,  neutralizing  with  ammonia  and  warming  gently.  If  iron  is 
present  this  precipitate  will  be  reddish.  In  that  case  it  is  best  to  dissolve  it  in 
hydrochloric  acid  and  precipitate  the  bismuth  as  oxychloride.  The  bismuth 
hydroxide  is  ignited  and  weighed  as  oxide,  BisOa. 

Cadmium.  The  filtrate  from  the  bismuth  oxychloride  is  evaporated  to  a  bulk 
of  200  or  300  cc.  If  the  bismuth  has  been  precipitated  by  means  of  ammonia, 
the  filtrate  is  first  acidified  with  hydrochloric  acid  and  evaporated  to  a  moderate 
bulk.  The  solution  is  saturated  with  hydrogen  sulphide  and  the  precipitate 
filtered  off  and  washed  with  water  containing  hydrogen  sulphide.  If  the  cadmium 
sulphide  is  dark  colored  or  black,  traces  of  lead  or  bismuth  sulphides  may  be  present 
because  of  incomplete  separations,  or  copper  may  have  been  present  in  the  alloy. 
Any  arsenic  which  may  have  been  in  the  alloy  or  a  trace  of  tin  or  antimony  will 
also  be  present  in  this  precipitate. 

Arsenic,  Antimony,  and  Tin.  It  should  be  tested  for  these  three  elements  by 
pouring  over  it  a  few  drops  of  warm  potassium  or  sodium  sulphide  and  washing 
two  or  three  times  with  warm  wat^r,  being  careful  to  stir  up  the  precipitate  with 
the  stream  of  water  from  the  wash-bottle.    A  precipitate  formed  on  acidifying  the 
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filtrate  indicates  the  presence  of  arsenic,  antimony,  or  tin.  If  the  characteristic 
orange  color  of  antimony  is  absent,  the  supernatant  liquid  should  be  decanted  and 
the  precipitate  warmed  with  a  little  concentated  hydrochloric  acid.  If  it  dissolves 
completely,  arsenic  is  absent  and  the  tin  may  be  reprecipitated  by  diluting  and  pass- 
ing hydrogen  sulphide.  After  washing,  the  moist  precipitate  with  the  paper  may 
be  burned  and  the  sulphide  of  tin  converted  into  oxide  by  ignition.  If  arsenic  or 
antimony  is  present,  it  may  be  determined  as  directed  in  the  Analysis  of  Type 
Metal,  page  660. 

Separation  of  Copper  and  Cadmium.  To  dissolve  out  any  copper  which  may 
be  present  with  the  cadmium  sulphide,  a  few  drops  of  potassium  cyanide  should 
be  poured  over  the  precipitate.  It  should  be  thoroughly  stirred  up  with  water  and 
washed  a  few  times.  If  a  considerable  amount  of  copper  is  present,  the  bulk  of 
the  precipitate  should  be  transferred  to  a  beaker  by  washing  out  the  paper  while 
still  in  the  funnel  with  a  stream  of  water.  The  remainder  of  the  precipitate  on  the 
paper  is  dissolved  by  washing  with  a  little  warm  dilute  nitric  acid.  The  paper  is 
then  thoroughly  washed  with  small  portions  of  hot  water.  The  washings  are 
allowed  to  flow  into  the  beaker  containing  the  main  portion  of  the  precipitate. 
The  beaker  is  warmed  and  more  nitric  acid  is  added  if  necessary  to  dissolve  the 
precipitate.  The  solution  is  neutralized  with  sodium  carbonate  and  a  slight 
excess  of  potassium  cyanide  added.  A  small  white  precipitate  at  this  point  may 
be  lead  or  bismuth  carbonates,  which  should  be  filtered  off  and  determined.  On 
passing  hydrogen  sulphide  through  the  filtrate,  the  cadmium  is  precipitated  as 
sulphide  and  may  be  filtered  off  on  a  Gooch  crucible  and  washed  with  water  con- 
taining a  little  hydrogen  sulphide.  It  is  finally  washed  with  pure  water  and  the 
free  sulphur  extracted  by  washing  with  alcohol  and  then  with  carbon  disulphide. 
The  precipitate  is  dried  at  100**  and  weighed. 

Copper.  The  filtrate  from  the  cadmium  sulphide  contains  the  copper  and  is 
acidified  ^  with  sulphuric  acid  and  a  little  nitric  acid  and  evaporated  to  fumes. 
The  residue  is  dissolved  in  water,  filtered  if  necessary,  and  the  copper  precipitated 
as  sulphide.  If  it  is  small  in  amount  it  may  be  ignited  and  weighed  as  oxide.  If 
considerable  copper  is  present,  it  must  be  ignited  with  sulphur  in  a  stream  of  hydro- 
gen and  weighed  as  cuprous  sulphide,  CusS.  When  much  copper  is  present,  it  is 
better  to  determine  it  electrolytically. 

Separation  of  Iron  and  Zinc.  The  filtrate  from  the  first  precipitation  with 
hydrogen  sulphide  contains  any  zinc  or  iron  which  may  have  been  present.  These 
metals  may  be  separated  in  the  following  manner : 

The  solution  is  boiled  to  expel  hydrogen  sulphide,  neutralized  with  ammonia, 
and  acidified  with  acetic  acid.  Hydrogen  sulphide  is  passed  for  some  time  and  the 
gelation  allowed  to  stand  for  several  hours.  The  clear  liquid  is  carefully  decanted 
through  a  filter  paper,  and  after  replacing  the  beaker  containing  the  clear  filtrate 
with  another  beaker,  the  sulphide  of  zinc  is  brought  on  the  paper  and  washed  with 
water  containing  ammonium  acetate  and  acetic  acid.  The  precipitate  is  dissolved 
in  a  little  dilute  nitric  acid  and  the  paper  washed  with  hot  water.  The  solution  of 
the  2inc  is  evaporated  to  dryness  in  a  weighed  porcelain  crucible,  ignited  finally 
over  the  blast-lamp  to  decompose  any  zinc  sulphate  which  may  have  been  formed, 
and  weighed  as  oxide.  The  filtrate  is  boiled  to  expel  the  hydrogen  sulphide.  A 
little  nitric  acid  is  then  added  to  oxidize  the  iron,  which  is  precipitated  with 

1  This  should  be  done  under  a  hood  with  good  draught  to  avoid  any  possibility  of 
niliAling  the  very  poisonous  hydrocyanic-acid  fumes. 
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Analvsis  of  BriUmnia  Metal 


AHoj  of  Tim  Antimonj,  and  Copper,  with  Saudi  Amoutts  of  BniBBth, 

Lead,  and  Inm 

Decomposition  of  the  Alloy  by  Means  of  Chlorine.  AIi->y«  o.Hiiamin|[  a  Uift 
fi*-n-*r;-:tz<r  'if  fin  iir*r  ^*-»r  •:«^--»'nip«>^i  Sy  a  ^treAm  trif  chlorine.  The  method  is 
apj/i"'ii'  '.^-  to  ail'  -y^  ^'  •r:r:tir.ir.e  l«-*s  thin  \Yl^  ■  t  If^^**!  ind  c»>pper. 

A  h:ir'i-«l:iU  r»-r:.b:i-*i«.r.-r«iV^  70  cm.  !«»!.•«  i-  t^en  and  one  end  drawn  out, 
rri2ikir.K  :x  -r:..'s!l  tii^-*?  2")  fm.  IriZ.  which  i**  h*-nt  at  rirfit  azicles.  This  small  to!* 
i.-i  ro:.:.'-'  '•*!  f  y  irj-ft:.-^  r.f  a  Cirk  r'opper  with  a  Pelupit  tube  the  bull^  of  which  aie 
n'-fifly  filial  with  tlihi^f-  hy«In''-hi'»ric  acid  1 1  :  3»  c<:»ntaininc  alxHit  1  gram  <rf  tar- 
t:iri'r  a^'i'l.  A  K-'-r:'!  IVlje^t  tu^e  is  ci>niK-cted  with  the  firist  and  contain?  a  sohi- 
rir,ri  of  r-iU-tic  .^•'la  '1  :'4  .  Thie  chl«  trine  i«  evolved  in  a  2-liter  flask  containing 
piw•f-^<  rjf  pyr^lij-itr-.  ovf-r  whi<-h  cr>ncentratetl  hydrochloric  acid  is  poured.  The 
f.a-k  i*^  h'-iiU-^l  on  a  w:tter  l>:ith.  The  chlurine  is  pa^^sed  throu|di  a  wash4x>ttle 
r'.r:V'iir;iriK  wat^r  and  th^n  throueh  two  wash-bottles  containing  sulphurie  acid. 
It  i-*  t}i*-ri  f»ti"«-^l  into  the  r-*imKii*Ti<»n-tube.  connection  heine  made  by  means  o( 
a  cork  ht/^pjur.  \V};*-r<-v*r  nil-l«';r  i<  u^<\  fur  making  ciinnecti«-»n<.  it  must  be  well 
foat'**!  ui'h  fnrufiin.  Thi-  !<  aN>  ail  visible  ftir  the  cork  stoppers.  The  chlorine 
i-  not  :ill'.v.v- 1  to  p::--  iiiO,  tl.^-  '«.inV.ij-ti«»n-tul>e  until  all  of  the  air  has  l^een  displaced 
from  til*:  fl  !-k  ari^l  th*-  wa-h-U^tlle^.  -\ll  escaping  chlorine  should  l>e  abeorhed 
in  r-riu-rj^'— 'Hlri  .»-'il!ition. 

On*'  jrr.iin  ^'f  thf  alloy  in  fin*-  tuminir'  l«  weieheii  out  and  placed  in  a  porvehin 
iKjat  wlii'li  is  pi.'i'-^-d  in  tlir-  iniridle  <»i  the  combustion-tube.  The  clilorine  is  first 
allowrrl  to  a'-t  r»n  Xho  alhiy  in  tho  cold.  When  no  fiulher  action  L<  obsen-ed,  the 
pfirt  of  thf  tuKf  in  which  the  In.at  i^  situated  is  heated  gently  with  the  Bua<eo 
iinrfi'-r,  and  thwi  nion*  ^rronely  until  the  contents  of  the  boat  fuse.  The  cMo- 
ridjn  (tf  mercury,  bi.muth,  arsenic^  antimony,  and  tin  tolatHize  and  are  driven 
out  of  the  tiil»e  by  lifutinK  it  gently  fn»m  the  boat  to  the  end  which  is  drawn  out. 
'I'll*-';  flilorifk'S  an»  al>orl H*d  in  the  hydn)chloric  acid  contained  in  the  first  Pdigot 
tube,  wliiU;  tli«  c-x<  f><  of  chlorine  i>  abs4»rl)e<l  in  the  caustic-^oda  solution  contained 
in  th<5  second  PeligMt  tuU». 

Tlu5  cliloriije.  in  the  api)aratus  is  then  displaced  by  mean^t  of  a  stream  of  diy 
air  or  carl  Mm  <lioxi<ie.  the  chlorine  generator  having  been  removed.  The  ai^iara- 
tns  is  rli-eonnected.  the  In^at  contaniing  the  cMoride9  of  cofi!per»  lead,  and  inm  is 
placed  in  a  |x»r(elain  di-h,  anrl  the  tuU*  washed  out  \vith  hot  water  which  is  allowed 
to  flow  into  the  disli  containing  the  IkuU.  Hydrochloric  acid  is  added  and  thedis^ 
wanned  until  tlie  content:^  of  the  lx)at  are  cQssolved.  The  latter  is  lemoved  and 
washed. 
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Lead,  Copper,  and  Iron.  The  lead  is  precipitated  by  evaporation  with  sul- 
phuric acid  and  diluting  and  is  filtered  off  and  weighed  as  sulphate.  The  copper 
is  precipitated  by  means  of  hydrogen  sulphide  and  weighed  as  sulphide  or  deter- 
mined electrolytically  from  a  nitric  acid  solution.  The  iron  is  precipitated  by 
means  of  ammonia  and  weighed  as  oxide. 

The  contents  of  the  first  Peligot  tube  are  poured  into  a  beaker  and  the  Peli- 
got  tube  well  washed  out  with  water  to  which  hydrochloric  acid  is  added  if  neces^ 
sary.  The  solution  is  warmed  and  hydrogen  sulphide  passed  until  precipitation 
is  complete.  The  filtrate  should  be  heated  to  boiling,  strong  hydrochloric  acid 
added,  and  hydrogen  sulphide  passed  again  to  insure  complete  precipitation  of 
the  arsenic. 

Bismuth.  If  the  sulphide  precipitate  is  dark  colored,  bismuth  is  present. 
The  precipitate  is  washed  into  a  beaker,  ammonium  sulphide  added,  and  the 
solution  warmed.  The  solution  is  filtered  through  the  same  paper  and  the  pre- 
cipitate washed  with  warm  water  containing  a  little  ammonium  sulphide.  The 
bismuth  sulphide  is  dissolved  in  a  little  warm  dilute  nitric  acid  and  the  paper 
washed.  The  bismuth  is  precipitated  with  ammonia  and  ammonium  carbonate, 
ignited,  and  weighed  as  oxide,  BijOj. 

Separation  of  Tin  from  Arsenic  and  Antimony.  The  ammonium-sulphide 
solution  of  arsenic,  antimony,  and  tin  is  poured  with  vigorous  stirring  into  a  hot 
solution  of  25  grams  of  oxalic  acid  in  200  cc.  of  water.  The  solution  is  heated  to 
boiling  and  hydrogen  sulphide  passed  for  about  fifteen  minutes.  The  precipitate 
is  filtered  off  inmiediately  and  washed  with  hot  water  containing  hydrogen  sul- 
phide. It  is  dissolved  in  ammonium  sulphide  and  the  treatment  with  hot  oxalic 
acid  and  hydrogen  sulphide  repeated. 

Tin.  The  oxalic-acid  solution  of  tin  is  evaporated  down,  with  the  addition  of 
6  cc.  concentrated  sulphuric  acid,  to  fumes.  The  solution  is  cooled,  cautiously 
diluted  with  water,  and  hydrogen  sulphide  passed  to  insure  complete  precipita- 
tion of  the  tin.  Wash  the  precipitate  with  water  containing  ammonium  acetate 
and  a  little  acetic  acid,  dry,  ignite,  and  weigh  as  stannic  oxide,  SnOi. 

Arsenic  and  Antimony.  The  precipitate  of  arsenic  and  antimony  sulphides 
is  treated  with  a  little  concentrated  ammonium-carbonate  solution  and  washed 
to  remove  arsenic.  The  antimony  is  then  weighed  as  oxide  according  to  the  direc- 
tions given  under  the  Analysis  of  Type  Metal,  page  660.  The  arsenic  is  deter- 
mined according  to  the  directions  given  in  the  same  section. 

Analysis  of  Brass  or  Bronze 
Alloy  of  Lead,  Copper,  Tin,  and  Zinc,  Small  Amounts  of  Arsenic  and  Iron. 

Solution  of  the  Alloy.  Weigh  out  1  gram  of  the  alloy  and  place  in  a  ^OO-cc. 
beaker,  add  10  cc.  concentrated  nitric  acid  and  5  cc.  water.  Cover  the  beaker 
with  a  watch-crystal  and  place  in  a  dish  of  cold  water.  After  one-half  hour  place 
the  beaker  on  the  water  bath  and  evaporate  the  solution  to  dryness.  One  hun- 
dred cc.  of  boiling  water  and  a  few  drops  of  nitric  acid  are  added  and  the  solution 
boiled  for  five  minutes. 

Tin.  The  stannic  oxide  is  filtered  off  and  washed  with  hot  water.  The  moist 
precipitate  is  introduced  into  a  weighed  porcelain  crucible  and  the  paper  burned 
in  the  usual  manner.  If  the  amount  of  tin  is  small  (less  than  1%)  it  is  weighed 
at  this  point,  otherwise  it  is  fused  with  six  times  its  weight  of  a  mixture  of  equal 
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parts  of  sulphur  and  sodium  carbonate.  The  fused  mass  is  dissolved  in  hot  water 
and  the  solution  filtered.  The  copper,  lead,  and  iron  which  were  carried  down  with 
the  stannic  oxide  will  remain  on  the  paper  as  sulphides^  while  the  filtrate  will  eon- 
tain  all  of  the  tin  and  any  arsenic  or  antimony  which  may  have  been  present.  Hie 
insoluble  sulphides  are  dissolved  in  a  hyjBBitric  acid,  the  paper  washed,  and  the 
solution  added  to  the  filtrate  from  the  i^^V  oxide. 

If  arsenic  and  antimony  are  absen^Re  tin  may  be  precipitated  out  of  the 
sodium  sulphide  solution  and  weighed.  The  excess  of  sulphur  should  first  be  re- 
moved from  the  solution  by  heating  to  boiling  after  the  addition  of  caustic  sodi 
and  then  adding  hydrogen  peroxide  in  small  quantities  until  the  solution  is  nearly 
decolorized.  It  is  then  acidified  with  hydrochloric  acid  while  stirring  constantly, 
heated,  and  hydrogen  sulphide  passed.  The  stannic  sulphide  is  washed  with  hot 
water  containing  ammonium  acetate  and  a  httle  acetic  add.  It  is  ignited  and 
weighed  as  stannic  oxide  in  the  usual  manner. 

Arsenic  and  Antimony.  If  arsenic  is  present  in  the  alloy,  a  small  amount  of 
this  element  will  be  present  in  the  sodium  sulphide  solution  of  the  tin  and  will 
be  precipitated  with  the  stannic  sulphide.  It  may  be  removed  by  treating  the 
precipitate  with  a  little  concentrated  solution  of  ammonium  carbonate  and  wadi- 
ing.    The  solution  of  arsenic  should  be  added  to  the  nitric  acid  solution  of  the  alloy. 

If  antimony  is  also  present  in  the  alloy,  the  sulphides  of  arsenic,  antimony,  vdA 
tin  must  be  separated  by  one  of  the  methods  given  under  Analysis  of  Type 
Metal,  page  660. 

Lead.  To  filtrate  from  the  stannic  oxide  5  cc.  concentrated  sulphuric  add  are 
added  and  the  solution  evaporated  in  a  porcelain  dish  until  the  nitric  add  is  entirely 
expelled  and  white  fumes  of  sulphuric  acid  are  given  off.  The  solution  is  ooofed 
by  floating  the  dish  on  cold  water  and  diluted  with  75  cc.  of  water.  After  stining 
thoroughly,  25  cc.  alcohol  are  added  and  the  solution  allowed  to  stand  for  at  leMi 
one  hour.  The  lead  sulphate  is  filtered  off  on  a  Gooch  crucible,  washed  with  water 
containing  about  1%  of  sulphuric  acid  and  25%  of  alcohol  and  then  with  pore 
alcohol  until  free  from  acid.    It  is  dried  on  the  hot  plate  and  weighed. 

The  copper  is  best  determined  electrolytically.  The  filtrate  from  the  lead 
sulphate  is  heated  on  the  hot  plate  until  most  of  the  alcohol  is  expelled.  Two  ce. 
concentrated  nitric  acid  are  added  and  the  warm  solution  (about  60**)  electrolynd 
with  a  current  of  ^  to  1  am[)ere  for  about  six  hours.  If  a  gauze  electrode  is  used 
01-  one  of  the  electrodes  is  rotated  the  time  required  is  very  much  reduced. 

Hydrogen  sulphide  is  pasM?d  through  the  acid  filtrate  from  the  copper  to  pre- 
cipitate traces  of  arsenic,  antimony,  or  unseparated  tin  which  may  be  preaeDt 
If  more  than  traces  are  found,  the  metals  must  be  separated  and  determined  by 
the  methods  given  in  the  preceding  methods.  When  the  amount  of  copptf  is 
large,  as  is  generally  the  case,  it  is  advisable  to  divide  the  solution  into  two  pcK^ 
tions  for  the  electrolysis,  as  about  300  milligrams  of  copper  is  generally  sufficieDt 
for  a  good  determination.  The  solution  may  be  divided  by  weighing  it  and  then 
pouring  out  about  half  of  it  and  again  weighing  or  the  solution  may  be  diluted 
to  a  known  volume  as  250  or  500  cc.  and  a  portion  measured  out.  The  copper 
may  be  determined  in  each  i)ortion  and  the  filtrates  combined  for  the  sine  detc^ 
mination.  Yor  the  duplicate  zinc  determination  the  copper  may  be  predintated 
as  sulphide,  which  is  filtered  off,  well  washed,  and  discarded. 

Iron.  The  filtrate  from  the  copi)er  is  boiled  to  expel  hydrogen  sulphide  and 
a  little  nitric  acid  added  to  oxidize  the  iron,  which  is  precipitated  with  anunoniA 
and  weighed  as  oxide.    If  more  than  a  small  amount  of  iron  is  present,  the  pie- 
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cipitate  must  be  redissolved  and  reprecipitated  to  separate  it  completely  from  the 
zinc. 

Zinc.  The  filtrate  from  the  iron  is  evaporated  to  small  bulk  and  the  zinc 
precipitated  and  weighed  as  pyrophosphate.  The  zinc  may  also  be  precipitated 
and  weighed  as  sulphide. 

Analysis  of  Qerman  Silver 

Alloy  of  Copper,  Zinc,  and  Nickel,  with  Small  Amounts  of  Lead,  Iron,  and  Tin 

One  gram  of  the  alloy  is  weighed  out  and  dissolved  in  nitric  acid  as  directed 
in  the  preceding  exercise.  The  tin,  lead,  and  copper  are  determined  as  directed 
in  the  same  exercise. 

Hydrogen  sulphide  is  passed  through  the  acid  filtrate  from  the  copper  to  pre- 
cipitate traces  of  arsenic,  antimoy,  tin,  or  unseparated  copper  which  may  be  pres- 
ent. If  more  than  traces  are  found,  the  metals  must  be  separated  and  determined 
by  the  methods  given  under  Analysis  of  Type  Metal,  page  660. 

Zinc.  The  filtrate  is  boiled  until  the  hydrogen  sulphide  is  expelled  and  the 
solution  concentrated  to  a  small  bulk  and  the  acid  nearly  neutralized  with  caustic 
soda.  Five  to  10  grams  of  caustic  soda  are  dissolved  in  about  50  cc.  of  water  and 
the  solution  of  zinc  and  nickel  added  slowly  with  constant  stirring.  The  solu- 
tion is  diluted  with  an  equal  bulk  of  water  and  the  precipitate  filtered  off  and 
washed.  The  zinc  in  the  filtrate  is  precipitated  with  hydrogen  sulphide,  filtered 
off,  and  washed  free  from  alkali.  The  zinc  sulphide  is  dried  and  detached  from  the 
paper  as  completely  as  possible. 

The  portion  still  adhering  to  the  paper  is  dissolved  in  nitric  acid  and  the  solu- 
tion evaporated  to  dryness  in  a  porcelain  crucible.  The  remainder  of  the  precip- 
itate is  added  and  the  whole  ignited  with  sulphur  in  a  stream  of  hydrogen.  If 
the  precipitate  is  small  it  need  not  be  dried,  but  is  immediately  dissolved  in  nitric 
acid  and  after  evaporation  converted  into  sulphide.  The  sulphide  is  tested  for 
alkali  by  digestion  with  hot  water.  If  alkali  is  found,  it  must  be  completely  ex- 
tracted and  the  sulphide  again  weighed  after  ignition  with  sulphur  in  hydrogen. 
The  precipitate  is  then  dissolved  in  nitric  acid  and  the  solution  evaporated  to  dry- 
ness. The  zinc  nitrate  is  dissolved  in  water  and  the  silica  filtered  off,  washed, 
ignited,  and  weighed.  The  zinc  sulphide  may  also  be  dissolved  in  hydrochloric 
acid,  the  zinc  precipitated  as  zinc  ammonium  phosphate  and  weighed  as  pyro- 
phosphate. 

Iron  and  NickeL  If  iron  is  absent,  the  nickel  hydroxide  may  be  washed  and 
^ter  transferring  the  precipitate  to  a  weighed  porcelain  crucible  and  burning  the 
paper  it  may  be  reduced  to  metallic  nickel  by  heating  in  a  stream  of  hydrogen 
and  weighed.  If  iron  is  present,  the  precipitate  is  dissolved  in  hydrochloric  acid 
and  the  iron  precipitated  with  ammonia.  Unless  a  very  small  amount  is  present 
it  must  be  redissolved  and  reprecipitated,  and,  after  washing,  is  ignited  and  weighed 
as  oxide.  The  nickel  is  then  reprecipitated  as  hydroxide  by  means  of  an  excess 
of  caustic  soda,  reduced  in  a  stream  of  hydrogen  and  weighed  as  the  metal. 
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Analysis  of  Manganese-Phosphorus-Bronze 

Alloy  of  Copper,  Lead,  Tin,  Zinc,  Manganese,  Phosphorus  (less  titan  1^), 

Traces  of  Iron 

Solution.  One  gram  of  the  alloy  is  weighed  out  and  dissolved  in  nitric  add 
Nearly  all  of  the  phosphorus  remains  with  the  stannic  oxide  as  a  phosphate.  After 
fusing  the  impure  precipitate  and  separating  the  impurities,  and  precipitating  the 
tin  as  sulphide,  the  solution  containing  only  the  phosphorus  as  phosphoric  add 
is  discarded,  as  this  element  is  determined  in  a  separate  portion  of  the  alloy. 

Lead,  Copper,  and  Zinc  are  determined  as  given  under  Analysis  of  Brass  and 
Bronze,  page  668.  The  phosphoric  acid  which  did  not  remain  with  the  stannic 
oxide  will  be  present  in  the  alkaline  solution  of  the  zinc.  This  element  should 
therefore  be  precipitated  and  weighed  as  pyrophosphate. 

Iron.  In  order  to  separate  manganese  and  iron  from  zinc,  bromine  or  hydro- 
gen peroxide  is  added  to  the  filtrate  from  the  copper.  The  solution  is  boiled  and 
excess  of  ammonium  added  to  redissolve  any  zinc  phosphate  which  may  be  pre- 
cipitated. The  precipitate  consisting  of  ferric  hydroxide  and  manganese  dioxide 
is  filtered  off  and  washed.  It  is  dissolved  in  a  little  hydrochloric  acid  and  the 
paper  well  washed.  The  solution  is  boiled  until  the  chlorine  is  completely  expelled, 
then  neutralized  with  ammonia,  warmed,  and  the  trace  of  iron  filtered  ofif  imme- 
diately. Unless  the  precipitate  is  very  small  it  is  redissolved  in  hydrochloric 
acid  and  again  precipitated  with  ammonia  and  quickly  filtered  off  and  washed. 
It  is  ignited  and  weighed  as  oxide. 

Manganese.  The  combined  filtrates  from  the  iron  contain  all  of  the  man- 
ganese unless  the  amount  of  iron  present  is  considerable.  The  solution  should  be 
evaporated  to  dryness  in  a  porcelain  dish  and  the  ammonium  chloride  volatilized 
by  gently  heating  with  the  Bunsen  burner.  The  residue  is  dissolved  in  a  few  cc. 
of  water  and  a  few  drops  of  hydrochloric  acid  and  the  manganese  precipitated 
and  weighed  as  sulphide. 

Volumetric  Determination  of  Iron  and  Manganese.  If  considerable  iron  is 
present,  the  method  of  separation  given  is  not  appUcable.  In  this  case  the  sim- 
plest methods  of  determining  the  two  metals  are  volumetric.  The  ammonium 
precipitate  should  be  dissolved  in  sulphuric  acid  with  the  addition  of  a  little 
hydrogen  peroxide,  the  excess  of  which  may  be  expelled  by  boiling.  The  solu- 
tion must  be  made  up  to  a  definite  volume  and  divided  into  two  equal  portions. 
For  this  purpose  a  100-cc.  flask  should  be  used  which  has  been  calibrated  with  a 
60-cc.  pipette  by  emptying  the  pipette  twice  into  the  dry  flask  and  making  a  mark 
on  the  stem.  The  solution  of  iron  and  manganese  is  evaporated  to  small  bulk, 
transferred  to  the  flask,  made  up  to  the  mark  and  thoroughly  mixed.  Fifty  cc. 
are  withdrawn  with  the  dry  pipette.  The  solution  adhering  to  the  walls  of  the 
pipette  is  rinsed  out  with  distilled  water  and  added  to  the  portion  remaining  in 
the  flask.  One  of  these  portions  is  reduced  with  zinc  and  the  iron  titrated  with 
standard  permanganate.  (See  p.  219.)  The  other  portion  is  shaken  up  with 
zinc  oxide  until  the  free  acid  is  neutralized.  One  gram  of  zinc  sulphate  and  a 
drop  or  two  of  dilute  nitric  acid  are  added  and  the  solution  diluted  to  several  hun- 
dred cubic  centimeters.  The  manganese  is  titrated  with  standard  potassium 
permanganate  according  to  Volhard.     (See  page  266.) 

Phosphorus.  For  the  determination  of  phosphorus  a  5-gram  portion  of  the 
alloy  is  taken,  as  the  percentage  of  this  element  is  usually  small  (seldom  more  than 
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0.2%).  The  material  is  placed  in  a  200-cc.  beaker  and  20  to  30  cc.  concentrated 
nitric  acid  added.  The  beaker  is  covered  with  a  watch-crystal  and  after  the  first 
violent  action  of  the  acid  has  ceased  it  is  placed  on  the  water  bath  and  heated  until 
the  alloy  is  completely  decomposed  and  the  residue  is  pure  white.  All  of  the  phos- 
phoric acid  will  remain  with  the  tin  provided  a  sufficient  amount  of  the  latter  is 
present  in  the  alloy.  From  six  to  eight  times  as  much  tin  as  PjOi  must  be  present. 
Unless  at  least  5%  of  tin  has  been  found,  a  preliminary  test  should  be  made  by 
dissolving  about  a  gram  of  the  alloy  in  concentrated  nitric  acid,  filtering,  and  test- 
ing the  filtrate  for  phosphoric  acid  with  molybdate  mixture.  If  phosphoric  acid 
is  found  in  the  filtrate,  metallic  tin  must  be  added  before  dissolving  the  alloy  in 
nitric  acid.    From  J  to  1  gram  will  usually  be  found  sufficient. 

The  nitric  acid  solution  of  the  alloy  is  diluted  and  the  stannic  oxide  containing 
the  phosphoric  acid  is  filtered  off  and  washed  a  few  times.  After  drying,  the  pre- 
cipitate is  transferred  to  a  porcelain  crucible,  the  paper  is  burned,  and  the  ash 
added.  After  adding  three  times  its  weight  of  potassium  cyanide,  cover  the  cru- 
cible and  fuse  for  a  few  minutes  at  a  red  heat.  The  stannic  oxide  is  reduced  to 
metallic  tin  and  the  phosphoric  acid  forms  potassium  phosphate.  After  cooling, 
extract  the  fused  mass  with  hot  water,  filter,  and  wash  the  paper  with  hot  water. 

Expel  the  hydrocyanic  and  cyanic  acids  by  boiling  with  concentrated  hydro- 
chloric acid.  This  operation  must  be  conducted  under  a  hood  with  good  draught. 
Evaporate  to  dryness  to  dehydrate  the  silicic  acid  which  has  been  dissolved  from 
the  porcelain  by  the  action  of  the  potassium  cyanide.  Dissolve  the  dry  residue 
in  a  little  hydrochloric  acid  and  pass  hydrogen  sulphide  to  precipitate  a  small 
amount  of  tin  and  copper  which  is  present.  Filter,  wash  the  precipitate,  and 
destroy  the  hydrogen  sulphide  in  the  filtrate  by  adding  bromine  water  and  boiling. 
If  the  volume  of  the  solution  exceeds  60  cc,  concentrate  by  boiling.  Cool  and  pre- 
cipitate the  phosphoric  acid  by  adding  about  i  gram  of  crystallized  magnesium 
chloride  or  sulphate  dissolved  in  a  little  water  and  then  neutralizing  the  solution 
with  filtered  ammonia  while  stirring  vigorously.  Add  a  small  excess  of  ammonia. 
Assure  yourself  that  the  phosphoric  acid  is  all  precipitated  by  adding  a  little 
magnesia  mixture  to  the  clear  supernatant  liquid.  After  standing  several  hours, 
filter,  wash  with  dilute  ammonia,  ignite  in  a  porcelain  crucible,  and  weigh  as 
magnesium  pyrophosphate. 

The  precipitation  of  the  metals  present  with  hydrogen  sulphide  may  be  omitted 
and  the  separation  effected  by  precipitating  the  phosphoric  acid  as  molybdate. 
The  dry  residue  should  then  be  dissolved  in  nitric  acid,  and  after  filtering  off  the 
sOica,  the  phosphoric  acid  is  precipitated  as  directed  in  the  chapter  on  Phosphorus. 
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Frank  E.  Hale* 

Such  tremendous  value  attaches  in  boiler-room  economy  to  the  character 
of  the  fuel  that  the  purchase  of  coal  upon  the  results  of  laboratory  anaiysas 
has  grown  in  importance.  Specifications  have  been  drawn  with  such  exact 
requirements  that  fairness  to  the  coal  contractor  requires  that  only  exact  methods 
of  analysis  be  employed. 

SAMPLING 

In  order  that  the  laboratory  sample  shall  be  representative  of  the  delivery, 
great  care  must  be  taken,  however;  the  personal  element  should  be  eliminated 
as  far  as  possible.  When  possible,  coal  should  be  delivered. by  chutes  and  a 
shovelful  taken  at  regular  intervals  throughout  the  delivery.  If  delivered  in 
wagons  a  portion  should  be  taken  from  each  wagon  load.  Boat  loads  are  best 
sampled  while  being  loaded  or  unloaded.  If  a  pile  of  coal  must  be  sampled, 
portions  should  be  taken  from  all  sides,  top  and  bottom.  The  gross  sample  should 
preferably  be  200  pounds  for  deUveries  up  to  100  tons  and  one-tenth  of  1%  of  the 
amount  delivered  for  quantities  over  100  tons.  Larger  sizes,  should  be  crushed 
to  at  least  pea  size  (about  |  in.)  and  preferably  under.  The  gross  sample 
should  be  thoroughly  mixed  with  a  shovel,  piled  up,  and  quartered.  Opposite 
quarters  should  then  be  mixed,  piled  up,  and  quartered  again  and  this  con- 
tinued until  a  sample  of  about  5  pounds  is  obtained.'  This  sample  should  then 
be  forwarded  to  the  laboratory  in  a  sealed  moisture-tight  container.  The  most 
satisfactory  container  is  one  made  of  galvanized  iron,  to  prevent  rusting,  cylin- 
drical in  shape  with  screw  cap  flush  with  the  sides.  A  convenient  size  is  6  in& 
in  diameter  by  8  ins.  height.  Such  a  can  is  readily  cleaned  and  sealed.  Sealing 
is  conveniently  made  by  pasting  a  strip  of  paper  around  the  can  over  the  joint, 
or  by  means  of  wax  and  an  impression  seal. 

PREPARATION   OF  SAMPLE   FOR  ANALYSIS 

The  laboratory  sample  should  first  receive  a  number  which  should  follow 
the  sample  through  all  phases  of  preparation  in  order  to  avoid  confusion.  The 
whole  sample,  when  received  at  the  laboratory,  should  be  crushed  to  4-me8h 
size  or  less.  The  Chipmunk  Jaw  Crusher  is  rapid  and  easily  cleaned,  as  one 
jaw  is  removable.  If  too  wet  to  crush,  causing  clogging  of  the  crusher,  the 
whole  sample  should  be  dried  on  the  steam  bath,  the  moisture  so  lost  determined 
and  added  to  the  analytical  moisture  later  determined  on  the  pulverized  sample. 
Shallow  agateware  pans  large  enough  to  take  the  complete  sample  are  con- 
venient and  should  set  in  large  holes  on  the  steam  bath,  so  that  the  body  of 

*  Director  of  Laboratories,  Dept.  Water  Supply,  Gas  and  Electricity,  New  York  CSty. 
» The  U.  S.  Bureau  of  Mines  uses  a  3-pound  sample  and  New  York  City  a  7-pound 
sample. 
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t)ic  pan  is  exposed  to  th<^  steam  and  (Irymg  is  hastened.  A  few  hours  only  is 
neccssarj'.  The  V.  S.  Bureau  of  Minea  dries  in  a  special  oven  with  a  current 
of  dried  air  at  30-35°  C,  hut  this  occasions  u  delay  of  twelve  to  ninety-six  hours. 
The  crushed  sample  should  be  mixed  and  iiuartered,  preferably  by  hand. 
This  is  best  and  most  rapidly  done  in  the  old-fashioned  way  by  raising  alternately 
the  corners  of  a  large  piece  of  oilcloth  or  rubber  sheet.  The  pile  may  be  quickly 
quartered  by  two  V-shaped  pieces  of  galvanized  iron  to  out  and  pull  away 
opposite  quarters.  The  remaining  quarters  should  be  again  mixed  and  quar- 
tered in  the  same  way  and  the  process  continued  until  a  lOCVgram  representative 


I>ortion  is  obtained.  The  discarded  (lunrtera  should  be  returned  to  the  can  to 
•*e  retained  in  case  a  second  analysis  is  dasired.  Such  check  analysis  should 
OJways  be  made  upon  a  freshly  quitrtcred  and  pulverized  sample  of  the  reniaiii' 
ing  portions  of  the  original  grtiss  laboratory-  sample. 

The  100-gram  sample  should  tlien  be  pulveriised  in  an  AbW  Hall  Mill  for 
three-quarters  of  an  hour.  The  jar  should  be  nearly  full  to  produce  the  most 
*^pid  pulverization,  that  is,  contain  the  full  chut^  of  pebbles,  about  10  pounds 
for  the  9-in,  jar.  The  speed  of  revolution  should  be  GO  per  minute.  Natural 
flint  pebbles  are  least  abriLdcd  and  produce  no  appreciable  effect  upon  the 
a«h.     The  ball  mill  has  two  distinct  advantages.     It  conserves  the  moisture 
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of  the  coal  and  it  pulverizes  so  fine  that  the  coal  will  usually  all  pass  a  60-4nesh 
screen  and  a  large  part  the  lOQ-mesh  screen.  This  greater  fineness  prevents 
incomplete  combustion  of  anthracite  coal  in  the  bomb  determination  to  be 
described  later.  The  pebbles  and  coal  should  then  be  dumped  on  a  covered 
ash-sifter  resting  on  the  oilcloth  or  rubber  sheet,  shaken  quickly  and  pebbles 
and  sifter  brushed  clean.  The  sample  should  then  be  passed  through  the 
60-mesh  screen  and  brushed  at  once  into  a  moisture-tight  container.  Any 
material  retained  on  the  60-mesh  screen,  which  occasionally  happens,  should  be 
quickly  pulverized  in  a  small  steel  mortar.  One-half  pint,  glass-covered  lightning 
jars  are  convenient  for  this  purpose. 

As  the  dust  in  c<ml  sampling  is  so  fine  as  to  penetrate  through  the  clothing 
to  the  skin,  it  is  wise  to  use  an  aspirator  to  protect  the  lungs  and  also  use  a 
suction  ventilator  to  keep  the  air  fresh  and  clean.  The  suction  should  connect 
with  small  hoods  over  the  crusher  and  over  the  quartering  table. 

METHODS  OF  ANALYSIS 

Moisture.  Moisture  may  be  accurately  determined  on  a  10-gram  sample 
heated  for  one  hour  at  105°  C.  Close  checks  will  be  obtained  and  weighing  is 
rapid,  as  the  weight  need  only  be  taken  to  the  nearest  milligram.  Glass  evap- 
orating dishes  of  2J-in.  diameter  are  convenient  for  this  detennination.  The 
Beans  electric  thermo-regulator  for  gas  has  been  found  very  satisf acton'  for 
oven  regulation,  as  the  oven  may  he  heated  rapidly  and  will  quickly  come  to 
adjustment. 

Most  labora times  employ  a  1-gram  sample,  however,  and  later  use  the  residue 
for  ash  determination.  The  Bureau  of  Mines  uses  a  special  diying  oven  and  » 
specially  prepared  sample  for  moisture.  The  4-mesh  sample  is  crushed  in  a 
roll  or  coffee-mill  crusher  to  20-mesh,  and  bottled  quickly  without  sie\'ing. 

Ash.  The  ash  represents  the  mineral  matter  in  coal  after  ignition.  N<^ 
attempt  is  made  in  conunon  practice  to  calculate  the  original  form  of  the  con- 
stituents. It  is  best  detenuincd  upon  a  separate  portion  of  coal,  and  pref- 
erably in  silica  crucibles,  as  the  wear  on  platinum  is  considerable.  Heating 
should  be  slow  and  careful  at  first,  to  avoid  loss  from  volatile  matter  and  to 
avoid  the  effect  of  coking.  Later  the  contents  should  be  stirred  with  a  plati- 
num wire  to  facilitate  combustion,  not  neglecting  to  tap  the  wire  free  from 
ash.  The  silica  crucibles  should  rest  on  silica  or  nichrome  triangles.  Some 
laboratori(\s  eiupl(\v  a  muffle  furnace  and  others  an  electric  furnace. 

The  residue  from  moisture  may  be  used  for  ash  determination,  but  the 
residue  from  volatile  combustible  matter  should  not  be  so  used,  as  there  is  danger 
of  nKiclianical  loss  of  asli  in  tlie  rapid  heating,  and  the  accuracy  of  the  ash- 
figure  is  far  more  important  than  tlie  volatile  combustible  matter. 

A  l-^ram  sample  is  used  for  the  ash  determination. 

Volatile  Combustible  Matter.  This  determination  is  entirely  empirical 
and  sliould  be  ])erfonued  under  strictly  standard  conditions.  The  determina- 
tion is  made  upon  a  1-gram  sample  heated  for  seven  minutes,  timed  by  a  stop- 
watch, in  a  i)latinum  crucible  of  25-30  cc.  capacity,  and  with  tight-fitting  co^'«■. 
The  crucible  and  cover  should  be  kept  brightly  polished.  A  special  apparatus 
should  be  arranged.  Construct  a  cylinder  of  asbestos  or  galvanized  iron  to 
protect  flame  and  crucible.  Connect  an  adjustable  M6ker  burner  (Scimateo 
type  is  preferable)  with  a  U-tube  to  measure  gas  pressure.    Arrange  a  platinum 
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wire  from  triangle  to  support  the  bottom  of  crucible  always  at  same  distance 
from  the  burner. 

CaUbrate  the  apparatus  by  adjusting  the  burner  and  pressure  so  that  the 
crucible  is  entirely  surrounded  by  the  flame  and  the  temperature  ia  about  950° 
C.  This  may  l>c  determined  by  an  optical  or  other  pyrometer,  but  most  con- 
veniently by  the  fusing-poiot  of  potassium  chromate.  Note  the  gas  pressure 
required  and  in  the  analyses  set  the  gas  at  this  pressure.  In  this  way  close 
checks  may  conveniently  be  obtained  when  the  right  conditions  have  been 
determined. 

The  loss  in  weight  minus  the  moisture  is  the  volatile  combustible  matter. 

A  10-20-cc.  crucible  has  recently  been  advocated  to  reduce  the  effect  of 
oxidation  by  oxygen  in  the  crucible.  Several  different  schemes  have  been 
advocated  in  order  to  obtain  uniform  results.  An  electric  furnace  ia  used  by 
some.    Any  method  is  empirical,  as  the  determination  does  not  represent  any 


PiQ.  104.— V.  C.  M.  Apparatus 


very  definite  constituent  of  the  coal.  Uriginally  intended  as  a  measure  of 
col^g  ability  the  V.C.M.  is  now  mainly  a  means  of  discriminating  between 
different  kinds  of  coal  and  as  a  means  of  keeping  within  the  smoke  ordinances. 

VoUtila  Sulphur.  The  total  sulphur  in  a  coal  is  of  little  importance.  If 
desired,  it  may  be  detennined  by  the  well-known  Eachka  method.  The  vol- 
atile sulphur  is  of  great  importance  both  in  its  bearing  upon  fusibility  by  indi- 
cating the  presence  of  pyrit«s  in  the  coal  and  in  its  relation  to  corrosion  by  the 
formation  of  sulphurous  acid. 

Volatile  sulphur  is  determined  in  the  bomb  washings  after  a  calorific  deter- 
mination. These  washings  are  filtered  if  neces.sary  and  titrated  for  acidity 
for  one  of  the  corrections  in  the  calorific  calculation.  The  sulphur  is  then  deter- 
mined most  rapidly  and  conveniently  by  a  Jackson  Candle  Turbidimeter. 

"The  titrated  solution  is  made  up  to  200  cc.  The  amount  of  acidity  found 
»  uaed  as  a  guide  in  selecting  the  aliquot  for  the  sulphur  determination.    In 
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TURBIDIMETRIC   Si'LPHUR    TaBLE 

For  use  with  Jackson's  candle  turbidimeter 
Sulphur  and  SO3  contained  in  100  cc.  precipitated 


Depth. 
Cm. 

!     s. 

Mg. 

SOs. 
Mg. 

1 

Depth. 
Cm. 

S. 
Mg. 

SOa. 
Mg. 

Depth. 
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s. 

Mg. 

SOt. 
Mg. 

1.0 

20.0 

50.0 

5.0 

3.66 

9.15 

9.0 

2.30 

5.75 

1.1 

18.0 

45.0 

5.1 

3.60 

9.00     ' 

9.1 

2.28 

5.70 

1.2 

16.5 

41.3 

5.2 

3.54 

8.85 

9.2 

2.26 

j     5.65 

1.3 

15.0 

37.5     ' 

5.3 

3.49 

8.73 

9.3 

2.25 

5.63 

1.4 

13.5 

33.8 

5.4 

3.43 

8.58     1 

9.4 

2.23 

5.58 

1.5 

12.5 

31.3 

5.5 

3.38 

8.45 

9.5 

2.21 

5.53 

1.6 

11.2 

28.0 

5.6 

3.33 

8.33 

9.6 

2.19 

5.48 

1.7 

10.0 

25.0 

5.7 

3.28 

8.20 

9.7 

2.18 

5.45 

1.8 

9.5 

23.8 

5.8 

3.24 

8.10 

9.8 

2.16 

5.40 

1.9 

9.0 

22.5 

5.9 

3.20 

8.00 

9.9 

2.15 

5.38 

2.0 

8.5 

21.3 

■6.0 

3.15 

7.88 

10.0 

2.13 

5.33 

2.1 

8.0 

20.0 

6.1 

3.11 

7.78 

10.1 

2,11 

5.28 

2.2 

7.6 

19.0 

6.2 

3.07 

7.68 

10.2 

2.10 

525 

2.3 

7.3 

18.3 

6.3 

3.03 

7.58 

10.3 

2.09 

5.23 

2.4 

7.0 

17.5 

6.4 

2.99 

7.48 

10.4 

2.07 

5.18 

2.5 

6.7 

16.8 

6.5 

2.95 

7.38 

10.5 

2.06 

5.15 

2.6 

6.5 

16.3 

6.6 

2.92 

7.30 

10.6 

2.04 

5.10 

2.7 

6.3 

15.8 

6.7 

2.88 

7.20 

10.7 

2,03 

5.08 

2.8 

6.1 

15.3 

6.8 

2.85 

7.13 

10.8 

2.02 

5.05 

2.9 

5.9 

14.8 

6.9 

2.82 

7.05 

10.9 

2.01 

5.03 

3.0 

5.7 

14.3 

7.0 

2.79 

6.98 

11.0 

2.00 

5.00 

3.1 

5.5 

13.8 

7.1 

2.76 

6.90 

11.1 

1.98 

4  95 

3.2 

5.4 

13.5 

7.2 

2.73 

6.83 

11.2 

1.97 

4  93 

3.3 

5.2 

13.0 

7.3 

2.70 

6.75 

11.3 

1.95 

4.88 

3.4 

5.1 

12.8 

7.4 

2.67 

6.68 

11.4 

1.94 

4.85 

3.5 

5.0 

12.5 

7.5 

2.64 

6.60 

11.5 

1.93 

4.83 

3.0 

4.85 

12.25 

7.6 

2.61 

6.53 

11.6 

1.92 

480 

3.7 

4.75 

12.  CO 

7.7 

2.59 

6.48 

11.7 

1.91 

4.78 

3.8 

4.63 

11.75 

7.8 

2.56 

6.40 

11.8 

1.90 

4.75 

3.9 

4 .  52 

11.50 

7.9 

2.54 

6.35 

11.9 

1.89 

4.73 

4.0 

4.43 

11.25 

8.0 

2.51 

6.28 

12.0 

1.88 

4.70 

4.1 

4 .  33 

11.00 

8.1 

2.49 

6.23 

12.1 

1.87 

4  6S 

4.2 

4.24 

10.75 

8.2 

2.47 

6.18 

12.2 

1.86 

4.65 

4.3 

4.16 

10 .  50 

8.3 

2.44 

6.10 

12.3 

1.85 

4.63 

4.4 

4.08 

10.25 

8.4 

2.42 

6.05 

12.4 

1.84 

4.60 

4.5 

4.00 

10.00 

8.5 

2.40 

6.00 

12.5 

1.83 

4.5S 

4.6 

3.93 

9.83 

8.6 

2.38 

5.95 

12.6 

1.82 

4.55 

4.7 

3.86 

9.65 

8.7 

2.36 

5.90 

12.7 

1.81 

4.53 

4.8 

3.79 

9.48 

8.8 

2.34 

5.85 

12.8 

1.80 

4.50 

4.9 

3.72 

9.30 

8.9 

2 .  32 
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1 

12.9 

1 

1  79 

1 
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TuRBiDiMETRic  SuLPHUR  Tablb. — Continued 
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4.03     1 

19.2 

1.36 

3.40    ; 

23.2 

1.11 

2.78 

15.2 

1.60 

4.00     1 

19.3 

1.35     1 

3.38     ' 

;     23.3 

1.10 

2.75 

15.3 

1.60 

4.00 

19.4 

1.35     ' 

3.38     \ 

23.4 

1.09 

2.73 

15  4 

1.59 

3.98     1 

19.5 

1.34 

3.35 

23.5 

1.08 

2.70 

15.5 

1.59 

3.98     ' 

19.6 

1.34     1 

3.35    ; 

;     23.6 

1.08 

2.70 

15.6 

1.5S 

3.95     1 

19.7 

1.33 

3.33 

23.7 

1.07 

2.68 

15  7 

1.57 

3.93     , 

19.8 

1.32 

3.30 

23.8 

1.06 

2.65 

15.8 

1.57 

3.93     ' 

19.9 

1.32 

3.30 

23.9 

1.05 

2.63 

15.9 

1.56 

3.90 

20.0 

1.31 

3.28     \ 

,     24.0 

1.05 

2.63 

16.0 

1.56 

3.90 

20.1     1 

1.30 

3.25     1 

1     24.1 

:.04 

2.60 

16.1 

1.55 

3.88 

20.2 

1.30 

3.25     1 

'     24.2 

1.03 

2.58 

16.2 

1.54 

3.85     , 

20.3 

1.29 

3.23     1 

24.3 

1.03 

2.58 

16.3 

1.54 

3.85 

20.4 

1.28 

3.20 

24.4 

1.02 

2.55 

16.4 

1.53 

3.83     , 

'     20.5 

1.28 

3.20     1 

24.5 

1.02 

2.55 

16.5 

1.53 

3.83     1 

20.6 

1.27 

3.18     ! 

24.6 

1.01 

2.53 

16.6 

1.52 

3.80 

20.7 

1.26 

3.15 

24.7 

1.01 

2.53 

16.7 

1.52 

3.80 
3.78 

1 

20.8 

1.26 

3.15 

24.8 

1.00 

2.50 

16.8 

1.51 

20.9 

] 

1.25 

3.13 

24.9 

1.00 

2.50 

16.9 

1.50 

3.75     ' 

21.0 

1.25 

3.13 

i 

1     25.0 

1.00 

2.50 

17  0 

1.50 

3.75     i 

1                 1 

I 

1 

678  METHODS  FOR  ANALYSIS  OF  COAL 

the  case  of  anthracite  coab»,  the  amount  taken  is  ono-fourth  to  one-half;    in 
the  case  of  soft  c^)aLs  from  one-fourth  to  one-tenth  of  the  whole." 

"The  ali(iu(>t  of  the  sohition  to  be  tested  is  measured  into  the  turbidimeter 
tube,  dilute* I  to  near  the  10(>-cc.  mark,  shaken,  then  acidified  with  1  cc.  of  1  :  I 
hydrochloric  acid,  made  up  to  the  mark,  and  mixed  well  by  shaking.  A  l>ariuni 
chloride  tablet  ^  weighing  1  gram  and  con' pressed  without  the  use  of  a  binder 
is  then  dropped  in  and  the  tul>e  clost»d  by  means  of  a  clean  rubber  stopper. 
The  tube  is  then  tilted  up  and  down,  causing  the  tablet  to  roll  bock  and  forth 
through  the  solution  by  gravity. 

When  the  precipitation  api)ears  to  be  complete,  the  remainder  of  the  tablet 
may  be  dissolved  by  rapidly  rotating  the  tul)e;    but  violent  shaking  shouU 
be  avoided,  since  it  would  have  a  tendency  to  cause  aggregation  of  the  pre- 
cipitate.   The  turbid  li(iuid  is  then  transfem^d  to  a  beaker,  the  candle  ligjited, 
a  small  (luantity  of  the  li(iuid  i>ourcd  uito  the  glass  tube  to  prevent  overfaeftting 
and  cracking,  and  the  tui)e  put  in  place.     More  of  the  liquid  is  tJien  poured 
in,  allowing  it  U>  run  down  the  side  of  the  tube,  rapidly  at  first,  until  tho  image 
of  the  flame  l)cconics  dim,  then  more  slowly,  waiting  a  moment  aftar  etch 
addition  until  the  liciuid  in  the  tube  is  quiet,  and  continuing  thus  untO  tbe 
inuige  of  the  flame  just  disiippears.    The  depth  of  the  liquid  in  oentimeCeRt 
is  naU^d.    The  mixture  is  then  returned  to  the  l>eaker,  poured  back  and  forth 
from  lK*akcr  to  tube  two  or  three  tnucn),  and  read  again  as  before. 

''The  [>rocipitated  solution  is  road  at  least  twice,  and  the  readings  naually 
check  exactly,  unless  they  fall  in  the  upper  part  of  the  tube,  where  tbegr  may 
difler  by  a  centimeter  without  mat'Crially  altering  the  results.  In  thil  caw 
readings  may  l)e  averag(Mi.  The  amount  of  sulphur  corresponding  to  the  depth 
of  li(iui(l  in  the  tube  is  found  in  the  table,  and  multiplied  by  the  |Woper 
factor,  de|)en<iing  on  tlie  aliciuot  of  the  original  solution  taken. 

''All  dilutions  must  be  made  before  pnM-ipitation,  for  otherwise  the  leaute 
will  not  l>e  concordant  for  difTcrent  dilutions.*'  The  average  time  required  i^ 
ten  minutes  or  less.  The  method  carried  out  as  described  is  accurate  to  about 
O.Or/  r',  sulphur. 

Fixed  Carbon.  Fixed  carbon  is  found  by  adding  the  moisture,  ash,  and 
volatile  matter  top(?ther,  and  subtracting  from  100%. 

Calorific  Value.  Heat  value  is  expresscnl  as  "small  caloric  (cal.),"  the 
amount  of  heat  nuiuired  to  raise  the  temix»rature  of  1  gram  of  water  1*  ( •• 
"large  caloric  (Cal.),''  the  amount  of  heat  required  to  raise  the  tanperatun? 
of  1  kiloRiani  of  vvat<T  T  (\,  and  **  Hritish  thennal  unit  (B.t.u.)."  the  amount 
of  boat  r('(|uir('(l  to  raise  the  tcniixu-aturo  of  1  |X)und  of  water  1**  F.,  at  or  near 
39.1°  K.  Small  caloric's  per  gram  of  coal  multiplied  by  1.8  equal  B.t.u.  IXT 
]K)und  of  coal. 

It  is  preferable  to  express  results  as  B.t.u.  per  pound  of  dry  coal,  instead 
of  coal  as  n»ceive(l,  since  comparison  between  different  samples  of  ciwl  and 
the  results  of  difT<Tent  analysts  and  laboratories  are  facilitated.  The  other 
dctenainations  except  moisture  niv  also  better  expressed  on  the  dry  basis. 

^  TIm'sc  tabhMs  nre  ]>n'panMl  on  onler  by  the  Frasrr  Tablet  Co.,  of  Brookhii} 
N.  Y.,  Kormula  No.  l.ss,r>(i:i. 

On  st:uidinK  for  some  time,  some  of  tho  tablets  become  coated  with  a  thin  law 
of  etllore^red  salt.  This  should  be  mnovwl  by  gently  rubbing;  between  the  finp^ 
bef(»r(j  nsiriK  the  tablet.  It  is  not  adviwihle  to  keep  the  tablets  m  a  moist  atmosphere 
to  i>revent  thi.s  elllon^scenee,  as  they  bccon>c  extremely  bard  and  difficult  to  diseuW. 
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As  a  check  upon  accuracy  of  work  and  to  catch  errora,  results  of  B.t.u. 
.should  also  be  calculated  to  B.t.u.  per  pound  of  combustible,  that  is,  divide  the 
B.t.u.  dry  basis  by  (100%  minus  the  per  cent  of  ash).  For  the  same  run  of 
coal,  this  value  changes  but  little,  usually  within  200  B.t.u. 

The  calorific  determination  should  be  made  by  means  of  a  bomb  calorimeter. 
The  platinum-lined  Atwater  type  is  very  convenient  and  requires  but  little  repair. 

One  gram  of  the  60-mesh  sample  of  coal  prepared  for  analysis  is  weighed 
into  a  nickel  capsule  (28  mm.  top  width,  23  mm.  bottom  width,  and  12  mm. 


Fig.  105. — Atwater  Bomb  aud  Calorimeter  with  Accessories,  in  Special  Room: 

depth)  in  the  bottom  of  which  has  been  placed  an  ignited  disc  of  asbestos  paper. 
The  latter  prevents  incomplete  combustion  of  anthracite  coal  by  preventing 
chilling  of  the  coal  after  combustion  starts.  In  weighing  large  numbers  of 
samples  a  piece  of  tared  platinum  foil  is  convenient  and  the  coal  transferred 
with  a  camel's-liair  brush  into  the  nickel  capsule.  The  capsule  is  supported  on 
a  l^tinum  ring  suspended  by  a  platinum  wire  from  the  head  of  the  bomb. 
A  piece  of  iron  fuse  wire.  No.  34  B.  &  S.  gauge,  and  weighing  10  milligrams, 
is  attached  at  one  end  to  the  wire  supporting  the  tray  and  at  the  other  end  to 
another  platinum  wire  extending  downward  from  the  head,  but  insulated  from 
it.  Attachment  of  the  fuse  wire  is  made  by  winding  around  the  platinum 
wires  several  times.  The  center  of  the  fuse  wire  should  dip  into  the  coal 
sl^tly.  A  convenient  method  of  obtaining  pieces  of  fuse  wire  of  uniform 
weight  is  to  wind  around  a  flat  piece  of  board  or  cardboard  and  cut  the  loops. 
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The  shell  of  the  bomb  is  rinsed  with  water  and  sufficient  moisturr,  one-half 
cc,  is  thus  left  to  t&ke  up  the  acids  fonned  by  combustion.  The  head  is  aext 
joined  gas  tight  to  the  shell  of  the  bomb  by  the  collar.  Lead  gaskets  rendir 
these  joints  tight.  Oxygen  gas  is  slowly  introduced,  bo  as  not  to  blow  th« 
coal  out  of  the  pan,  until  about  21  atmospheres  pressure  is  recorded  in  tb« 
bomb.  The  needle  valve  is  then  closed  just  tight  enough  to  prevent  leakaee- 
the  valve  on  oxygen  tank  closed  and  the  bomb  disconnected.  Twenty  atnue^ 
pheres  pressure    ehould  remain  in  the  bomb  for  the  combustion,  an  amount 


Bufficietit  for  complete  combustion  of  the  coal  and  an  amount  containing  suf- 
ficient nitrogen  together  with  the  nitrogen  in  the  air  trapped  in  the  bomb  to 
cause  the  sulphur  to  burn  to  sulphuric  acid  completely,  unless  the  sulphur  is 
uuusuaUy  high. 

The  bucket  is  filled  with  enough  distilled  water,  about  3°  C.  below  the  room 
temperature,  to  make  the  water  equivalent  of  the  calorimeter  some  round 
number,  for  example,  2000  grama  with  the  Atwater,  2900  grams  with  the  MalJer. 
The  water  is  best  weighed  on  a  balance,  capable  of  delicacy  with  such  liEa\T 
weights,  and  the  amount  of  water  should  be  sufficient  to  cover  the  bomb.  The 
bomb  is  placed  in  its  support  and  placed  in  the  water  in  the  bucket.  The  latter 
is  set  in  the  calorimeter,  the  stirrer  added  so  as  not  to  touch  bomb  or  bucket, 
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covers  applied  and  thermometer  placed  in  the  water  and  adjusted  so  that  it 
can  be  read  during  the  combustion.  The  thermometers  should  be  special  and 
standardized  by  the  Bureau  of  Standards.  The  Fuess  tjrpe  of  Beckmann  is 
excellent. 

Connect  the  poles  of  six  dry  cells  to  the  stem  and  insulated  post  of  the  bomb. 
Connection  should  be  made  with  a  button  for  firing  the  coal.  It  is  also  con- 
venient to  have  a  small  electric  lamp  connected  with  the  button  to  indicate 
that  the  batteries  are  in  condition,  before  a  run  is  started. 

The  calorific  determination  should  be  made  in  a  room  protected  from 
sudden  changes  of  temperature  and  from  draughts.  If  a  current  of  air  strikes 
the  thermometer  during  a  determination,  the  results  will  be  untrustworthy. 
Mechanical  stirring  is  preferable  and  should  be  at  a  moderate  rate.  The  stirrer 
is  started  and  after  a  couple  of  minutes  or  so,  when  conditions  have  become 
uniform,  the  thermometer  is  read  by  means  of  a  telescope  and  readings  taken 
every  one-half  minute  for  six  readings,  interpolate  to  the  0.001°  C.  A  clock 
striking  every  half  minute  is  convenient.  After  the  sixth  reading,  fire  the  coal 
by  pressing  the  button  connected  with  the  batteries  and  take  approximate 
readings  of  the  thermometer  every  half  minute,  reading  to  the  0.001  ®  C.  as  soon 
as  the  rise  is  slow  enough  to  do  so.  After  the  maximima  temperature  has  been 
reached,  take  six  more  readings  at  half-minute  intervals. 

Remove  the  bomb  from  the  bucket  and  allow  the  gas  to  escape  slowly.  Dis- 
connect the  head  and  rinse  out  the  bomb  thoroughly.  Titrate  the  washings 
with  N/10  sodium  carbonate,  using  methyl  orange  as  indicator.  Determine  the 
sulphur,  after  titration,  with  the  turbidimeter  as  under  Volatile  Sulphur. 

Calculation  of  B.T.U.  The  table  on  page  682  is  an  example  of  an  actual 
deteiminatipn,  showing  corrections  as  applied. 

Corrections  must  be  applied  to  the  thermometer  in  accordance  with  the 
certificate  furnished  for  each  thermometer  by  the  Bureau  of  Standards,  includ- 
ing the  correction  for  temperature  of  setting  of  Beckmann  thermometers  and 
emergent  stem  correction  for  others. 

The  thermometer  should  also  be  fitted  with  a  vibrator  to  overcome  meniscus 
error.  This  is  conveniently  done  -by  arranging  a  small  electric  vibrator  so 
that  the  hammer  hits  the  rubber-covered  metal  clamp  supporting  the  ther- 
mometer. The  vibrator  should,  of  course,  be  connected  to  a  push-button  and 
dry  batteries. 

Correction  must  also  be  made  for  changes  of  temperature  due  to  radiation. 
A  simple  formula  which  yields  results  within  0.002°  C.  as  compared  with  the 
more  elaborate  formulae  is  the  following: 

— f-2/&=  radiation  correction. 

^  sx average  preliminary  i>eriod  change  per  half  minute; 

h  « average  final  period  change  per  half  minute; 

or  =  number  of  half-minute  intervals  of  combustion  period  during  which  the  rise 
of  temperature  (expressed  to  the  nearest  0.01°)  was  greater  than  10%  of 
the  total  rise.    This  is  readily  seen  by  inspection; 

^  ss  remaining  number  of  half -minute  intervals  of  combustion  period. 
The  algebraic  signs  must  be  observed  in  the  formula. 
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The  end  of  the  combustion  period  is  taken  as  the  first  reading  after  the 
TnftYJmiim  temperature.  The  reason  for  this  rests  in  the  fact  that  the  ml 
fnAYimiim  rarely  occurs  at  a  half-minute  interval  reading,  as  shown  by  a  drop, 
during  the  first  period  after  the  maximum  temperature  read,  of  leas  than  the 


NO.   1   BUCKWHEAT  COAL 

Thermometer  used  (T*),  «ero  set  at  20.4**  C. 

Room  Temperature  22.5°  C.    Atwater  bomb. 

Acid  found  equal  7.2  cc.  N/10  Na^COj  X 1 .45  cal.  =  10.4  calories 

Volatile  sulphur  (aliquot  i)  8.6  cm. » .0048  gram X 13  cal.  -  6.2  caloriea 
Iron  wire  (10  milligrams)  =  16.0  calories 


Thermometer  reAdinn, 
Ball  minute  intervab 


Prelimi- 


'  0.979 
0.980 


nary 
penod 


0.981 

0.983 

0.984 

0.986 

Average  rise  in  temperature: 

007 

^«.0014 
o 


Combus- 
tion 
period 


'  1.600 
3.270 
4.050 

4.225 
4.267 
4.278 
4.279 

4.278 


Final, 
period 


4 
4 
4 
4 
4 


273 
270 
268 
264 
260 


Average  fall  in  temperature : 
^  =  .0036  • 

0 


V«Vy.iVL 

Ash 

Vol.  sulphur. 
Moisture.  .  . 


12,543 
7.7 
15.8 
0.48 

4.78 


32.6  calories 

Corrected  temperature,  end  of  combustion 
period 4.277 

Corrected  temperature,  end  of  prelimi- 
nary period 0.986 


Apparent  rise  in  temperature  corrected  for 
thermometer  calibration 

Thermometer  correction  for  setting  and 
room  temperature 


corrected 


Apparent  rise  in  temperature, 

for  thermometer  settmg 

Radiation  correction: 

3((-»»^^>+<+«^>)+5(+.0O36) 

Corrected  rise  in  temperature 

Water  equivalent  (grams) 2000 

Calories  (2000X3.334) 666S.0 

Correction  for  acidity,  sulphur   trioxide 
and  iron 32.6 


3.291 
-fO.022 

3.313 

+0.021 


Actual  calories,  coal  aa  received 6635.4 

Calories  (dry  basis)  6635.4-^.9522  (100% 

—moisture) 696S.5 

B.t.u.    per    lb.    of     coal     (dry    bass) 

(6968.5X1.8) 12,543 

B.t.u.  per  lb.  of  combus'ible  (dry  basis) 

12543  4- .842(100% -ash) 14,897 


average  final  change.    Correcting  for  an  extra  combustion  interval  counteracts 
this  error. 

The  nitrogen  in  the  coal  and  in  the  air  of  the  bomb  forms  nitric  acid.    This 

does  not  occur  when  coal  is  burned  in  the  furnace,  hence  the  bomb  detenni- 

■^tion  is  too  high  by  the  amount  of  heat  thus  produced.    The  calorific  value  of 

yien  burning  to  nitric  acid  is  230  calories  per  gram  of  nitric  acid.    Each 
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^bic  centimeter  of  N/10  sodium  carbonate  used  in  the  titration  represents 
.^5  calories. 

Furthermore,  sulphur  in  the  furnace  bums  to  the  dioxide  and  in  the  bomb 
:>  the  trioxide.  This  excess  heat  in  the  bomb  must  be  corrected  for  as  well 
s  the  fact  that  all  of  the  above  acidity  is  not  nitric,  but  is  partly  sulphuric 
c^id.  This  correction  is  conveniently  made  by  adding  to  the  acidity  correction 
ntiade  as  if  it  were  all  nitric  acid)  13  calories  for  each  0.01  gram  of  sulphur, 
represents  the  excess  which  the  oxidation  correction  is  over  its  expression 
the  formation  of  nitric  acid  as  obtained  from  the  titration. 
The  correction  for  the  iron  fuse  wire  is  16  calories  for  each  10  milligrams. 
All  other  corrections  are  met  by  standardization  imder  conditions  similar 
those  under  whicfi  the  calorimeter  is  to  be  used.  Such  errors  arise  from  loss 
tif  heat  by  evaporation  of  water  while  stirring  (probably  covered  by  the  radia- 
tion correction),  gain  in  heat  due  to  combustible  gases  in  the  oxygen,  changes 
XX  specific  heat  of  water  at  various  temperatures,  changes  in  the  gases  present 
i^ter  combustion,  and  changes  of  pressure  of  the  gases  in  the  bomb.  The  last 
:>liree  errors  are  too  small  to  take  into  account.  The  oxygen  error  has  dis- 
i.p{)eared  since  the  introduction  of  the  purer  gas  manufactured  by  the  Linde 
Air  Products  Company. 

Inspection  of  the  bomb  contents  should  always  be  made  to  insure  that 
tliere  are  no  sooty  deposits  or  coal  thrown  from  the  capsule.  Some  coals 
require  to  be  compressed  into  pellets  to  prevent  the  above. 

The  procedure  outlined  above,  using  half-minute  intervals,  saves  considerable 
time  (nearly  one-half)  over  the  usual  procedure  and  produces  very  accurate  results. 
Standardization   of   the    Calorimeter.    While  there  are  several  ways  of 
determining  the  water  equivalent  of  the  calorimeter,  that  is,  the  heat  capacity 
of  the  apparatus  expressed  as  though  it  were  all  water,  only  one  method  should 
be  used  by  commercial  laboratories,  and  that  is  to  bum  in  the  calorimeter  a 
known  weight  of  pure  substance,  the  calorific  value  of  which  has  been  deter- 
mined by  the   Bureau  of  Standards,  Washington,  D.  C.    Of  those  fiunished, 
benzoic  acid  is  preferable,  as  it  readily  ignites  and  bums  completely.    If  cane 
sugar  should  be  used,  a  few  milligrams  of  benzoic  acid  are  necessary  to  assist 
ignition  and  correction  must  be  made  for  its  heating  value.    Cane  sugar  does 
not  always  bum  completely. 

Procure  standardized  benzoic  acid  from  the  Bureau  of  Standards.    Compress 
into  pellets  by  means  of  pellet  press  sufficient  benzoic  acid  to  produce  approx- 
imately as  many  calories  as  are  given  by  the  coal,  that  is,  about  7000  calories. 
One  gram  of  benzoic  acid  produces  6320  calories.    Determine  in  the  calorim- 
eter the  temperature  rise  produced  by  the  benzoic  acid  with  the  precautions 
used  in  a  regular  coal  analysis,  correcting  for  thermometer  and  radiation  errors. 
Multiply  the  grams  of  benzoic  acid  taken  by  6320  calories,  add  the  calories 
produced  by  formation  of  nitric  acid  as  obtained  from  the  titration  and  add  the 
calories  produced  by  the  iron  fuse  wire.     Divide  this  sum  by  the  corrected 
rise  in  temperature.    The  quotient  is  the  water-equivalent  of  the  calorimeter. 
The  amount  of  water  added  to  the  bucket  is  then  changed  so  as  to  make  the 
total  calorimeter  equivalent  a  round  number,  such  as  2000  for  the  Atwater 
or  2900  for  the  Mahler.    The  amount  of  water  should  be  sufficient  to  entirely 
inmierse  the  bomb  and  avoid  spattering  by  the  stirrer.    Then  restandardize 
with,  the  new  quantity  of  water.    The  conditions  of  combustion  should  be  as 
closely  as  possible  like  those  prevaiUng  during  regular  coal  analysis. 
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DETERMINATION   OF   FUSIBILITY  OF  COAL  ASH 

Tliitt  (loten  III  nation  luis  Itccome  of  increasing  importance  in  rcwnt  j'n 
especiuUy  in  relittion  to  incclianical  Ktokpn*  and  gas  ninnufocture.  The  cu 
pusititiii  cif  the  aiih,  nut  its  amount,  Ls  tliG  ilelcrniining  factor.  Alumina 
tliciii  owt  refract orj'  constituent  and  hs  fusing-point,  2000°  C,  is  lowemi  prupi 
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Fio.  107.— Uoskins  Ek-clri.-  Furnace.  0|.tipiil  Pj-rometer  in  Position,  Also  (X)  Mrtto 
of  ;Su|i|)urting  Cone  in  Gmphitc  Block. 


tioniiti'ly  tci  ili(^  iiiuiiuiilM  nf  silifa,  iiIkalicK,  and  iron  present.  In  iiiany  *<« 
tlic  nuiiiuiils  of  all  Imt  the  latter  ili>  not  hm-er  the  fusing-iM>iiit  fluffii'iontl;  I 
cause  tniuMe,  that  is.  lii^hiw  ]4(M)°  C*.    The  amount  of  iron  l>oeom«  then' 

supreme  im|inrliimp,  :is  tlii!  l:ist  striiw  that  breaks  the  camel's  hack, 
iwimhirly  shinin  in  the  cl:issifi(-ati( 


This 
1  of  coalu  as  red  ash  and  white  ash.   Tl 
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condition  of  the  iron  is  of  great  importance  also,  as  in  the  ferric  condition  it 
has  but  slight  effect,  but  in  ferrous  condition  it  lowers  the  fusion-point  greatly. 
The  influence  of  sulphur  upon  fusing-point  probably  depends  upon  the  accom- 
panying presence  of  iron  as  pyrites.  In  the  coal  bed  in  the  presence  of  burning 
carbon  the  ferric  oxide  may  be  reduced  to  ferrous  oxide  or  not,  according  to 
the  care  of  the  fire  and  the  amount  of  oxygen  supplied.  This  explains  dis- 
crepancies occurring  between  the  facts  of  clinkering  of  the  coal  on  the  grates 
and  the  fusing-point  as  determined  in  a  laboratory  furnace.  The  fusing-point 
varies  in  different  types  of  furnaces  for  the  same  reasons.  It  seems  safest  to 
choose  such  furnaces  in  laboratory  tests  as  give  reducing  atmospheres  and 
hence  lower  fusing-point,  indicating  the  possible  danger. 

A  convenient  furnace,  for  high  temperatures  especially,  is  the  Hoskins  Elec- 
tric Furnace.  The  heat  is  generated  by  passing  a  heavy  alternating  current 
of  low  voltage  through  a  series  of  carbon  plates.  Temperature  is  regulated 
by  compression  of  these  plates.  This  furnace  uses  a  60-cycle  alternating  cur- 
rent, 220  volts,  about  40  amperes.  The  current  is  transformed  by  an  air-cooled 
transformer  to  a  current  of  10  volts.  The  maximum  temperature  produced 
by  the  furnace  is  about  2000**  C. 

The  coal  is  burned  to  ash  at  as  low  a  temperature  as  possible  in  clay  dishes. 
The  ash  is  moistened  with  water  and  moulded  into  the  shape  of  a  Seger  cone 
(J  in.  by  2 J  ins.)  by  pressing  into  a  mould  conveniently  made  of  lead.  A  piece 
of  thin  paper,  moistened,  is  laid  in  the  mould  to  facilitate  removal  of  the  cone. 
Some  coals  may  require  10%  dextrin  paste  as  a  binder,  but  it  is  usually  unnec- 
essary. The  use  of  smaller  cones  has  recently  been  advocated.  The  cones 
may  be  set  in  triangular  holes  in  a  Dixon  graphite  block  and  placed  in  the  furnace 
so  that  the  cone  is  horizontal.  This  position  gives  as  concordant  results  as 
the  vertical  position,  if  not  closer.  The  fusing-point  is  taken  when  the  cone 
droops  into  a  vertical  position.  The  temperature  must  not  rise  too  rapidly 
when  near  the  fusing-point,  about  5®  C.  per  minute.  The  temperature  is  con- 
veniently read  by  a  fixed-focus  total-radiation  pyrometer  or  an  optical  pyrometer 
of  the  Wanner  type.  Reducing  atmospheres  preclude  the  use  of  metallic  couples 
at  high  temperatures. 

^  •  • 

Note.  The  methods  in  this  chapter  are  based  upon  those  in  use  at  the  Mt. 
Prospect  Laboratory,  of  the  Department  of  Water  Supply,  Gas  and  Electricitv, 
New  York  City.  The  method  for  fusibility  was  obtained  originally  from  the  Lao- 
oratory  of  the  Consolidated  Gas  Company,  New  York_City. 
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SAMPLING 

The  process  consists  in  the  insertion  of  a  suitable  tube  into  the  flue  or  duct, 
and  the  withdrawal  of  the  gas  sought,  by  some  sort  of  pump. 

Tubes.  The  tube  employed  varies  with  the  nature  of  the  gas  and  its  tem- 
perature. Ordinarily,  a  combustion  tube  a  meter  long  of  16-17  mm.  outside 
diameter,  which  has  been  drawn  down  to  7  mm.  at  one  end,  to  facilitate  the  at- 
tachment of  rubber  tubing,  is  used.  These  soften  at  about  500°  C.  For  higher 
temperatures  we  have  a  choice  of  quartz,  porcelain  tubes  of  about  the  same  di- 
mensions, or  water-cooled  metal  tubes.  Uncooled  metal  tubes  cannot  be  em- 
ployed above  250**  without  danger  of  reduction  of  the  oxides  of  the  metals 
composing  the  tube,  by  the  carbonic  oxide  contained  in  the  gases.*    If  porcelain 


Fig.  108. 

tubes  be  used,  they  should  be  glazed  within  and  without,  to  prevent  the  trans- 
fusion through  them  of  the  lighter  gases  like  methane  and  hydrogen:  they,  as 
well  as  glass  tubes,  should  be  warmed  before  insertion  into  a  hot  flue.  The 
eonstruction  of  the  water-cooled  tubes  will  be  evident  from  Fig.  108. 

For  cooling  the  gas,  the  tube  should  not  be  inserted  to  its  full  length. 
Rolls  of  wire  gauze  can  be  inserted  near  the  cool,  drawn-out  end  of  the  tube: 
these  will  serve  for  the  removal  of  soot  and  dust.  The  removal  of  dust  may  be 
further  effected  by  the  use  of  plugs  of  asbestos  or  glass  wool. 

The  place  from  which  the  gas  is  collected  should  be  so  chosen  as  to  give  a 
representative  sample,  and  all  openings  except  those  intended  for  the  inlet  of  air, 
stopped  up.  In  a  circular  duct  or  chimney  the  average  velocity  of  the  gases  is 
usually  at  a  point  one-third  the  distance  from  the  wall  to  the  center.  In  case  of 
a  boiler,  the  setting  should  be  carefully  inspected,  all  cracks  filled  with  mortar, 
and  the  clean  out  doors  made  tight.  The  fact  that  bricks  themselves  are  porous 
must  not  be  lost  sight  of,  and  new  settings  should  be  sized  and  given  a  coat  of 
whitewash.    If  possible  the  tube  should  be  inserted  below  the  damper  to  avoid 

*  Professor  of  Technical  Analysis,  Massachusetts  Institute  of  Technology. 

«  Fischer,  "  Technologie  der  Brennstoffe,"  1880,  p.  221,  cites  an  instance  in. which 
CQi  was  changed  from  1.5  in  the  mixture,  to  26%  by  the  passage  through  an  iron 
tube  heated  to  dull  redness. 

G87 


k. 


GAS  ANALYSIS 


leakage  from  that  source.  A  eecond  hole  should  be  made  for  the  introductioD 
an  oil  tube  for  the  thermometer.  The  jomte  around  these  tubes  should  be  m& 
tight  with  mortar,  plaster  of  Paris,  or  in  the  case  of  a  temporary  conncctio 
putty  or  wet  cotton  waste.  Care  should  be  taken  not  to  insert  the  tube  bo  eio 
to  the  source  of  heat  as  to  withdraw  the  gases  in  a  dissociated  or  partially  decoi 
posed  condition.  For  sampling  the  gases  from  different  zones  of  a  blast  funiM 
water-cooled  tubes  are  made  which  can  be  screwed  together  to  {miduce  tl 
desired  length. 

Pumps.  Where  a  sufllicient  head  of  water  (15  or  20  lbs.  ia  enough  for  on 
purpose)  is  available,  the  Richards  jet  pump,  Fig.  109,  may  be  used.  This  can  h 
^^j^  easily  constructed  in  glass  as  shown 
in  Fig.  ]  10  and  the  glass  jets  drawn 
down  to  suit  the  water  pressure  It 
may  be  noted  that  the  pump  may  be 
operated  with  steam  equally  as  well 
as  with  water. 

1  of  water  be  not 
accessible,  pumps  employing  a  fall  of 
water — the  Bunsen 
pump,  Fig.  HI  may  be  _ 
used.  This  consists  es- 
sentially of  a  quarter- 
inch  tee,  one  branch  of 
which  is  connected  with 
the  water  supply  an 
other  with  the  \essel  to 
be  evacuated  while  the 
third  is  connected  with 
10'  or  15  ft.  of  quarter- 
inch  pipe,  preferably 
lead.  The  water  in  this 
acts  as  a  moving  piston 
and  draws  the  gas  in 
after  it. 
s  available,  some  type  of 
a  power-driveji  pump,  or  an  ordinary  rubber  sjTinge 
bulb  may  Iw  emploj-ed.  Instead  of  these,  two  aspi- 
rator bottles — of  gallon  or  two-gallon  size — will  fur- 
nish the  necessary  suction.  These  are  made  by 
pa.ising  two  glass  tubes  bent  at  riglit  angles  throu^ 
each  rublxT  stopper  fitting  the  bottles:  one  branch 
of  one  cllxjw  stops  just  under  the  etopiier,  while  a 
branch  nf  the  other  goes  to  the  bottom  of  the  bottle. 
The  tiil)es  carrying  the  long  branches  are  coiuiected 
by  a  3-  or  4-f<M(t  piece  of  quarter-inch  rubter  tubing  provided  mth  a  screw  jriwh- 
cock.  Upon  setting  one  bottle  higher  tlian  the  other  and  blowing  into  its  shocw 
tube,  water  siphons  through  the  longer  into  the  lower  bottle,  producing  suction  b 
the  upiwr.     Tbis  is  sometimes  used  for  taking  a  continuous  sample  extendini 


Fio.  109. 
Where  none  of  these  i 


Fio.  111. 
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2  ft, — the  height  of  the  water  barotnetet. 
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over  several  hours.    Strong  brine  is  a  suitable  solution  for  the  bottles,  since  it 

possesses  the  advantage  over  water  in  absorbing  less  carbon  dioxide. 

Containers  for  Samples.    These  are  of  glass,  preferably  of  the  shape  shown  in 

Fig.  112.    Being  pear  shaped,  the  vessel  is  completely  emptied,  leaving  no  liquid 

to  exercise  a  solvent  action  on  the  gas.    The  tub- 
ing shown  in  the  figure  is  of  lead,  which  can  be 

safely  used  for  chimney  gases  after  it  becomes 

attacked  by  them.     Its  ob\ious  advantage  is  found 

in  the  fact  that  it  bends  rather  than  breaks.    Glass 

bottles — parts  of   the  aspirator    just    described — 

ma  J''  be  used;  the  rubber  connection  should  be  thick, 

carefully  wired  on  and  provided  with  screw  pinch- 
cocks.     The  long  tube  should  carr>'  a  short  piece  of 

rubber  tubing  within  the  bottle  reaching  to  its  side; 

by  tipping  it  the  water  can  be  more  completely  nm 

out  through  this  tube.    The  use  of  metal  containers 

in  general  is  not  recommended,  as  those  of  zinc  or 

galvanized  iron  are  attacked  by  carbon  dioxide; 

where  the  gases  do  not  act  upon  the  metals  they 

may  of  course  be  advantageously  employed.    To 

ensure  tightness,  the  rubber  stoppers  used  should 

be  held  in  by  screws  which  fit  into  a  brass  plate  on 

top  of  the  stopper  and  into  wire  loops  about  the 

neck  of  the  bottle.    This  compresses  the  stopper 

about  the  tubes  and  into  the  bottle  neck,  making 

a  thoroughly  tight  joint.     Or  the  brass  plate  may 

be  replaced   by  a  piece  of  sole  leather  and  wire 

passed  over  this  after  the  manner  of  wiring  down 

the  bottles  containing  carbonated  waters. 

The  use  of  rubber  bags  is  not  to  be  recommended,  as  they  absorb  certain  gases 
and  are  oxidized  by  others:  the  most  satisfactory  containers  are  glass  tubes  pro- 
vided with  drawn-out  ends  which  can  be  sealed  in  the  lamp  flame. 

In  connecting  up  the  sampling  tube,  container  and  pump,  the  use  of  rubber 
tubing  is  to  be  avoided  as  much  as  possible  for  the  reason  just  given. 


Fig.  112. 


MEASUREMENT   OF   GAS  IN  LARGE   QUANTITIES.    METERS 

Several  types  of  instruments  are  available  for  this  purpose. 
The  wet  meter  ' 


rp,      ,  >  Measure  total  gas  passed — not  for  acid  gases. 


All  these  measure 
velocity  simply 


For  all  gases  par^ 
ticularly  acid 


The  Pitot  tube  or  Davis  anemometer 

The  Rotameter  or  Thorp  gauge 

The  Capometer 

The  Thomas  electric  meter 

The  orifice  meter 

The  anemometer 

The  first  two  meters  show  all  the  gas  passing  through  the  system  while  the 
others  simply  measure  the  rate  of  flow:  with  these  the  size  of  the  pipe  must  be 
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known.  Of  ftU  these  inBtrutnents,  ihe'wet  meter  and  Thomas  meter  are  probablj 
the  most  accurate.  They,  however  like  some  of  the  others,  cannot  be  used  with 
corrosive  gases,  being  constructed  of  metal;  hence  the  Pitot  tube,  rotameter  and 
capometer  are  the  ones  to  be  employed  in  chemical  works. 

The  wet  meter  consists  of  a  cylindrical  drum  divided  into  four  spiral  comput- 
ments,  suspended  in  a  bath  of  water,  surrounded  by  a  ti^t  casing:  the  T»eaBuie 
of  the  gas  causes  the  drum  to  rotate,  emptying  a  diumful  of  gas  into  the  camg 
and  pipes.  It  must  be  set  level,  the  water  level  carefully  adjusted  to  the  marie 
on  the  glass  gauge,  with  its  top  open,  as  well  as  the  inlet  and  outlet  pipes  of  the 
meter.  The  h^er  the  water  level  the  faster  the  meter.  The  dry  meter  coietsU 
of  a^air  of  metal  bellows,  with  sides  of  leather  soaked  in  oil,  on  either  siderfa 
diaphragm,  and  connected  with  shde  valves  so  that  a  beUowsf  ul  of  ^as  is  alteratldr 
emptied  into  the  upper  part  of  the  meter  and  piping.  The  vibrations  (rf  the 
beUows  produced  by  the  gas  pressure  are  transmitted  to  clockwork  and  indem. 
It  is  to  be  noted  that  the  indexes  apparently  read  one-tenth  of  the  actual  Tobime 
passed:  the  index  must  make  a  complete  circuit  to  register  the  amount  stamped 
on  the  dial.  A  small  index  and  dial  are  usually  present  for  testing  the  meteT.snd 
a  tolerance  of  2%  is  allowed  by  law.  This  testing  is  done  by  meter-proven,  eve- 
fully  calibrated  gas  holders  kept  at  constant  temperature  and  the  rate  detemiiiicd 
at  different  speeds.  The  meter-provere  are,  in  their  turn,  calibrated  by  a  cnUe 
foot,  standardized  at  the  Bureau  of  Standards.  It  should  be  nated  that  all  thii 
calibration  is  corrected,  not  to  standard  conditions  (0°  C.  and  760  mm.),  but  to 
the  cubic  foot  as  fixed  by  law— gas  saturated  with  moisture  at  60°  F.  and  30 
inches. 

The  Pitot  Tube.   Fig.113.   Thisconsistsoftwoglass-tubes,Z},of  about  Ain^ 

internal  diameter,  inserted  in  the  gas  stream:  one  is  bent  at  right  anides  and  is 

set  80  that  it  receives  the  impact  of  the  gas  movement;  the  other  merely  legisten 

the  pressure  of  the  gas  in  the  pipe.   IIk 

point  of  insertion  of  these  tubes  b  tlie 

chimney  or  duet  should   be   in  a  long 

straight  run  of  pipe,  so  as  to  be  as  fne 

from  eddies  as  possible.    Davis'  »>'S 

that  authorities  differ  as  to  whether  thf 

tubes  should  be  a  third  or  ODe^iztb  of 

the  diameter  from  the  circumference  to 

show  the  mean  speed;   he  states  furtbef 

that  each  fine  or  chimney  is  a  sepanK 

problem  and  as  a  result  of  huodreds  a' 

measurements  there  seems  to  be  "do 

Fio.  113.  settled    proportionate     distance    cone- 

sponding  to  the  mean  velocity." 

The  glass  tubes  are  connected  by  rubber  tubing,  C,  through  a  ^e^"eI3er,  B. 

with  a  U-tube  A,  which  is  either  set  vertically,  inclined  30°,  or  one  in  ten— tht* 

carries  a  vernier  reading  to  hundredths  of  an  inch  so  that  readings  to  thousandths 

are  feasible.    The  U  tube  is  filled  with  solutions  of  different  specific  gra\itv. 

although  ether  of  0.74  sp.gr.  is  the  one  commonly  employed.    The  diflercnw 

between  the  arms  of  the  U-tube  represents  the  difference  between  the  kinetic  tuA 

static  pressures  of  the  gas  in  the  flue  or  chimney. 

1 "  Handbook  of  Chemical  Engineering,"  1, 197,  also  for  the  tables  for  its  use. 
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The  formulffi  for  calculatii^  the  velocity  are  F=VpX28. 55  where  V  = 
in  feet  per  second,  p  the  anemometer  reading,  or 
twice  the  height  of  the  ether  column,  the  gas  being 
at  a  temperature  of  15.5°  C,  (60°  F.)  and  30  inches 
barometric  pressure.  As  this,  however,  rarely  occurs, 
the  formula  is 


giviDg  the  speed  for  the  h^  temperature  ("F.). 

The  Rotameter,'  F^.  114.  This  is  a  German  m- 
etrument  depending  upon  the  height  to  which  a  float 
is  carried  in  a  glass  tube  by  the  velocity  of  the  stream 
of  gas.  A  modification  of  it  was  used  by  some  of  the 
gas-lighting  companies  under  the  name  of  the  Thorp 
gauge. 

It  consists  of  a,  graduated  glass  tube  fixed  upon  a 
tripod  and  provided  with  a  plumb  line  so  that  it  can 
be  set  vertically:  gas  passes  in  at  the  lower  end,  raises 
the  clay  or  talc  float  to  a  certain  height  and  passes 
out  at  the  top.  The  height  to  which  the  float  is 
raised  is  noted  on  the  graduations  of  the  tube.  The 
formula  for  its  use  is 


r,  =  i\ 


Fifl.  IH. 


energy  be  put  into  it,  by  r 


V  =  volume  gas  as  shown  by  reading  of  in- 
strument, M  its  specific  gravity  =  1 .0. 

r  =  volume  desired,  Af,  =sp.gr.  of  gas. 

It  is  made  in  all  capacities  from  0.2  eu.ft., 
per  hour  up. 

The  Capometer.'  Fig.  115.  This  consists 
of  a  series  of  capillary  tubes  of  different  sizes 
through  which  the  gas  is  made  to  pass  and  the 
pressure  thus  produced  noted  in  the  U-tube  A. 
Each  capillary  is  calibrated  and  curves  of  gas 
flow  are  made  corresponding  to  different  pres- 
sures in  the  U-tube  and  various  capillaries. 
An  instrument  made  with  capillaries  1-4  mm. 
in  diameter  has  a  capacity  of  0.004  to  70  cu.ft. 
per  hour. 

The  Thomas  Electric  Gas  Meter.*    This 

depends  upon  the  principle  that  if  the  specific 

heat  of  the  gas  be  known,  and  an  amount  of 

s  of  a  coil,  suflicient  to  keep  a  certain  difference 


'Anon.,Ch.  Abu.,  6, 1695,  1911. 
>  J.  Gasbeleuchtung,  5&,  557,  1012. 
»  Thomas,  J.  Frank.  Inst.,  172, 41 1. 
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of  temperature  between  two  thermometers,  one  before  and  one  after  the  coil,  this 
energy  is  a  direct  measure  of  the  volume  of  gas  flowing.  Two  electrical  thermom- 
eters are  placed  in  the  stream  of  gas  with  a  heating  coil  between  them:  2°  diffe^ 
ence  of  temperature  is  automatically  maintained  between  the  thermometers  a&d 
the  energy  to  preserve  this  difference  of  temperature  (.0127  watt  hour  per  stand- 
ard unit  of  gas)  is  read  off  on  the  meter  as  cubic  feet  of  gas.  It  is  independent  of 
temperature  or  pressure  changes  in  the  gas,  and  is  used  up  to  gas  pressures  of 
180  lbs.  per  square  inch.  This  is  used  in  a  Western  gas  works  measuno^ 
200,000  ft.  of  gas  per  hour. 

The  Orifice  Meter.  In  this  the  same  principle  is  used  as  in  measuring  water, 
by  determining  the  diminution  in  pressure  as  registered  on  delicate  gauges  before 
and  after  the  gas  has  passed  through  a  standard  orifice.  It  is  largely  used  for 
measuring  natural  gas. 

The  anemometer  is  used  ordinarily  for  measuring  currents  of  air  leaving  or 
entering  a  room,  analogous  to  its  emplojTnent  in  meteorology. 


MEASUREMENT   OF   GAS   IN   SMALL   QUANTITIES.      GAS 

BURETTES 

Here  may  be  mentioned  the  Hempel  gas  burette,  made  for  accurate  work  with 
a  compensation  tube;  the  bulbed  Orsat  or  Bunte  burette;  the  separatoiy  funnel 
and  graduate. 

The  Hempel  Gas  Burette,  Fig.  122,  consists  of  a  100-cc.  burette  graduatd 
in  fifths  of  a  cubic  centimeter,  provided  with  a  short  capillary  at  the  top  and  closed 
with  a  rubber  connector  and  pinch-cock,  and  a  wider  tubne  at  the  bottom,  over 
which  the  -f^-in,  rubber  tube  is  dra^wi,  which  connects  it  with  the  leveling  tube 
of  similar  size  and  length  to  the  burette.  Like  all  volumetric  instruments,  it 
should  be  carefully  calibrated.  It  is  manipulated  by  filling  the  leveling  tube 
completely  with  water,  opening  the  pinch-cock  on  the  top  of  the  burette  and 
filling  it  with  water.  The  gas  to  be  analyzed  is  sucked  in  and  measured  as 
with  the  Orsat  apparatus,  p.  697. 

For  accurate  work  the  burette  is  enclosed  in  a  water  jacket,  connected  with 
a  compensating  tube  also  contained  in  water  jacket,  and  provided  with  a 
manometer  so  that  changes  in  temperature  or  pressure  may  be  neutralized. 
Mercury,  instead  of  water,  is  the  confining  liquid.  Instead  of  a  straight  tube, 
Bleier  ^  used  one  consisting  of  a  string  of  bulbs  of  about  10-cc.  capacity:  by 
means  of  a  side  connection  with  a  graduated  10-cc.  burette,  volumes  of  10-cc. 
multiples  and  fractions  can  be  measured.  The  Orsat,  Fig.  120,  and  EUiott 
apparatus,  Fig.  121,  use  bulbed  burettes  to  shorten  them,  connected  with  le^-eling 
bottles. 

Separatory  Funnel  and  Graduate,  Fig.  130.  From  the  water  which  has  flowed 
out,  the  quantity  of  gas  can  be  determined.    See  p.  721. 

iBerichte,  81, 1,238. 
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ABSORPTION   APPARATUS,  TUBES,  AND   PIPETTES 

These  are  quite  varied  according  to  the  purpose  for  which  they  are  intended. 
A  very  efficient  form  is  the  Friedrichs  Spiral  Gas  Washing  bottle,  Fig.  116;  here 
the  gas  has  to  pass  through  a  long  spiral  path.  Dennis^  recommends  this  for 
the  absorption  of  sulphur  dioxide.  The  gas  is  run  through  a  solution  until  a 
color  change  takes  place.  Were  the  reagent  to  be  washed  out  and  titrated  it 
would  not  seem  so  well  adapted  on  account  of  the  difficulty  of  thoroughly  wash- 
ing it. 

The  Varrentrapp  and  Will  bulbs,  Fig.  117,  the  use  of  which  is  evident  from  the 
figure,  are  used  for  the  absorption  of  ammonia  in  illuminating  gas.    The  Wolff 


Fig.  117. 


Fig.  116. 


Fia  119. 


Fig.  118. 


absorption  tube,  Fig.  118,  the  empty  arm  of  which  is  filled  with  beads  or  broken 
glass  is  used  for  the  absorption  of  carbon  monoxide  by  blood.  The  bulbed  tube, 
provided  with  a  small  jet,  is  generally  used  for  containing  standard  solutions  of 
acid,  alkali,  or  potassium  permanganate  or,  in  general,  a  solution  which  is  to 
be  titrated  after  absorption.  Where  the  presence  of  a  gas  as,  for  example,  water 
vapor,  is  to  be  determined  by  the  increase  of  weight  of  the  reagent  used,  Winkler's 
spiral.  Fig.  119«,  may  be  employed. 

Pipettes — Particularly  for  the  Orsat  Apparatus.  These  are  ordinarily  filled 
with  glass  tubes,  but  various  modifications  have  been  proposed:  these  are  the 
bubbling  tjrpe  of  Hankus,  the  spiral  bubbling  variety  of  Nowicki-Heinz  and  a 
combination  of  the  Friedrichs  wash  bottle  proposed  by  Dennis.  All  these  suffer 
from  the  very  serious  disadvantage  of  a  glass  three-way  stopcock  at  the  top,  which 
it  is  practically  impossible  to  prevent  from  sticking,  unless  the  apparatus  be  used 
by  one  person  and  that  one  exceptionally  careful  and  painstaking.  Dennis* 
has  shown  that  one  variety  is  no  more  rapid  than  the  original  and  some  of  the 
others  but  little  more  so.  When  it  is  further  considered  that  they  cost  four  times 
as  much,  *  their  use  would  seem  of  doubtful  expediency. 

»  "  Gas  Analysis,"  p.  274, 1913. 

*  Called  ''  Winkler's  Bulbs  "  in  the  apparatus  catalogs. 

» Ibid.,  p.  83. 

« Ten  dollars. 


694 


GAS  ANALYSIS 


It  is  interesting  to  note  further  that  Anderson  ^  has  shown  that  with  the  modi- 
fied potassium  pyrogallate  which  he  uses,  the  original  Orsat  slightly  modified, 
to  allow  the  precipitate  to  settle,  is  the  best. 


EXAMINATION  OF  THE  GASES 

The  qualitative  examination  of  a  gaseoiis  mixture  is  rarely  resorted  to  in 
technical  work:  a  sufficiently  close  idea  of  the  gases  present  can  be  obtained  by 
a  consideration  of  the  reactions  involved  in  the  various  operations.  It  is,  however, 
not  safe  to  rely  upon  this  in  matters  of  importance,  as  conditions  may  change: 
for  example  if  the  gases  be  dry  or  dilute,  hydrogen  sulphide  and  sulphurous 
anhydride  can  exist  together.  Similarly  in  sewage  gases,  all  the  gas  absorbed  by 
cuprous  chloride  is  probably  not  carbon  monoxide.  The  means  of  identifying 
the  different  gases  will  be  found  under  each  gas. 

Detection  and  Determination  of  the  Various  Qases 

Clemens  Winkler  divided  the  gases  into  seven  groups  according  to  tbeir 
behavior  with  various  solvents.  These  were  contained  in  suitable  absorption 
tubes  or  vessels  and  the  gases  passed  through  them.    His  scheme  was  as  follows: 

Gases  absorbed  by 

I.  H,S04 1.7  sp.gr.;  NH,,  (N,0,),  NtO*. 
II.  KOH  1.3  sp.gr.;  CU,  HCl,  (CN)„  HCN,  SO,,  H,S,  SiF*,  CC 

III.  AgNO,;  PH,,  AsH,,  SbH,. 

IV.  Pyro;  0„  (O,). 
V.  CuCl;  CO. 

VI.  AcidFeS04l:2;NO. 
VII.  Unabsorbed;  H,,  CH4,  C,H,,  C^H*,  N,0,  N,,  COS,  and  the  noWe  gases. 

The  following  tables  give  the  specific  gravity  referred  to  air,  the  solubility 

in  water  at  20°,  the  qualitative  tests  and  quantitative  methods  of  determinatioii 

of  these  gases :  additional  means  will  be  found  mentioned  under  the  several  gases 

themselves.  ^  t 

Group  I 

Gases  Absorbed  by  HjS04 1-7  sp.gr. 


Name. 


Gravity,  air  =  1 


Qualitative  Tests. 


Quantitative  Det'n .  . 


Solubility 20° C,  lee. 
water  absorbs  cc. . . 


Aiiimonia. 

0.589 

Fumes  w.  HCl  on  a 
rod.  Nessler's  re- 
agent. 

Absorption  in  stand- 
ard acid.    Or 
3NaBrO-f2NH, 

=  N2-f3NaBr-h 
3H2O.    Or  absorp- 
tion in  water  and 
Nesslerization. 
pp.  291,  537. 

678 


Nitrous  anhydride. 


Act8  hke  a  mixture 
of  NO  and  NO,. 


Nitrogen  tetroxide. 
1.590 

Absorb  m  KOH, 
test  for  nitrites. 


Absorption  in  N/10 
KMn04  •  2KMn04 
-flONC-fSHjSOi 
-h2H,O  =  10HN0i 

-fK,S04+      . 
2MnS04.    Or  in 
standard  alkali. 


Forma  HN0».HNU 


1  J.  Ind.  and  Eng.  Chem.,  8, 131-3,  1916. 
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Group  II 
Gases  Absorbed  by  KOH  1.3  sp.gr. 


Name 

Gravity,  air  =  l.. 
Qualitative  Test. 


Quantitative  Det'n .  . 


Solubility  20*^  C,  1  cc. 
water  absorbs  cc . . 


Chlorine. 

2.449 
KI  starch  paper. 


2KI-hCl,  =  2KCl-f 
I2.    Or  absorption 
w.  KOH. 


2.15 


Hydrochloric  acid. 

1.259 
Fumes  w.  NB[|, 


Absorption  in  stand- 
ard alkali  or  sil- 
ver nitrate. 


442 


Cyanogen. 

1.799 

Pass  through  mix- 
ture of  FeSO* 
1  :  10  H- KOH, 
1  :  3. 

and  ppt.  as  Prus- 
sian Diue  w.  ferric 
alum  and  HjSOi.^ 


4.5 


Hydrocyanic  acid 

Sulphur  dioxide. 

Hydrogen  sul- 
phide. 

Silicon  fluoride. 

Carbon  dioxide. 

0.936 

2.213 

1.177 

3.60 

1.520 

Absorption  in 
KOH  and 
FeSOi  and 
FeCla  =  Prus- 
sian blue.    Ab- 
sorption w. 
KOH  or  acid 
AgNO,.« 

Verv  sol 

Fuchsine  paper 
bleachea  or 
KIO3  starch 
paper. 

S02H-2H-2H,0 
=  H,S04+2HI. 

36.4 

PbAcj  paper, 
absorption  by 
I  solution. 

H,S-f2I  = 
2HI-I-S. 

2.67 

None 
3SiF4-h4H,0 

=Si04H4-h 
2H,SiF«. 

Decomposed. 

BaOsHi  on 
black  rod. 
Absorption 
w.  KOH  or 
BaOsHs  and 
titration. 

0.892 

Group  III 
Gases  Absorbed  by  AgNOj. 


Name. 


Gravity,  air  =  l.. 
Qualitative  Test. 


Quantitative  Det'n . . 


Solubility 20** C,  Ice. 
water  absorbs  cc. . . 


Hydrogen  phosphide, 
Phosphine. 

1.175 

Neutral  H,0  Solu- 
tion K I -hHgI,= 

cryst.  orange  yel. 
ppt.  PHgiI,.» 

Pass  through  Br 
water  ana  ppt. 
H4PO4  as  usual. 


0.02 


Hydrogen  arsenide, 
arsine. 

2.696 
Blk.  ppt.  of  AsAgs  w. 
AgNO,. 


Absorb  w.  NaClO 
cont.  3%  CI.* 


about  5 


Hydrogen  antimo- 
nide,  stibine. 

4.330 
Blk.  ppt.  of  SbAgi  w* 
AgNO,. 


Decompose  w. 
tartaric  acid  and 
det.  Sb. 


SUght. 


^Nauss,  J.  Gasbeleuchtung,  43,  969, 1900. 
'Rhodes,  J.  Ind.  and  Eng.  Ch.,  4,  652,  1912. 
'Lemoult,  Compt.  rend,  189,  478,  1904. 
•Reckleben,  Z.  ang.  Ch.,  19, 275, 1906. 
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Group  IV 


Group  V 


Gboup  VI 


Absorbed  by  potassium  pyro- 

Absorbed  by 

Absorbed  by 

gallaie 

cnprous  chloride 

FeSOi  1  :  2  acidu- 
lated w,  HtSOi 

Name 

Oxygen. 

Ozone. 

Carbon  monoxide. 

Xitric  oxide. 

Gravity,  air  =  1 

1.105 

1.62 

0.967 

1.038 

Qualitative 

Test 

Darkening  of 

MnCU  paper  ;KI 
Starch  paper, 

r Absorb  in  blood, 

Oxidize,  absorb  in 

,     light  brown 

and  examine 

KOH  and  test 

"  pyro." 

N,04  and  H2O2 

w.  spectroscope. 

for  nitrites. 

. 

being  removed 
by  KMn04. 

Quantitative 

Det'n 

By"Pyro." 

Absorption  w. 
CuCl. 

Absorb  in  FeSO* 

CuCl    in    ab- 

1 :  2  acidulated 

sence  of  CO. 

w.H,S04orwith 

Solubility 

KMnOiasNA- 

20°  C,  1  CO. 

water  ab- 

sorbs cc 

0.028 

0.6  at  0° 

0 .  023 

0.267 

Group  VII 
Unabsorbed 


Name. 


Gravity,  air  =  l.. . 
Qualitative  Test. . 

Quant  itativeDetJn 


Solubilitv  20°  C, 
1  vv.  water  ab- 
absorbs  cc 


Hydrogen. 


.0696 


None. 


By  combustion 
or  explosion  w 
O2. 


0.0182 


Methane. 


0 .  554 


None. 


By  combustion 
or    explosion 

w.  O2. 


0.035 


thylene 
(ethene). 

0.968 


Absorption  w. 
Br  water  or 
H1S2O7 


0.15 


Acetylene 
(ethine). 

0.899 

Kedppt.  w. 
am.  CuCl 
(explosive!). 

AsCsH-.wliich 
see* 


i.a3 


Nitrous  oxide. 
1 .  523 


None. 

By  explo.sion  with  H2 

or  combustion  w. 

CuO. 


0.670 


Carbon  oxysulphide. 
2.074 


None. 

Alcoholic  KOH  1  :  3 

in  66%  alcohol  by 

weight. 


0.3 


Nitrogen. 

0.970 


None. 

By  absorption  or 
combustion  of  all 
other  gases  and 
measuring  the 
residue  which  also 
contains  the  noble 
gases. 

0.014 


The  noble  ga-ses. 

Hehum,  Neon, 
Argon,  Krypton, 
Xenon. 
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Notes.  ORorpI:  NaBrO  ia  made  by  saturating  a  10%  solution  of  caustic  soda 
-with  bromioe. 

Group  II;    Chlorine  can  be  removed  from  hydrochloric  acid  by  passinc  the    , 
OBsee  over  finely  powdered  antimony:  hydrochloric  acid  can  be  removed  from  chkiriDe 
by  means  of  manganese  dioxide  or  zinc  oxide. 

The  following  reactions  will  serve  to  discriminate  between  HCN  and  (CN)2: 

(CN),+2HiO+(HCI)  =  2CO(NH,)i+(nCI)o:i(amide. 

HCN+2HiO  +  (HCI)™HCOOH  +  NHj  +  (HCI)  formic  acid. 

Cyanoeen  is  not  absorbed  by  acid  silver  nitrate  solution,  from  which  it  can  be 
separated  l>y  drawing  air  through  it:  hydrocyanic  acid  is  precipitated  under  these 
conditions. 

Gboop  IV:  Ozone  can  be  determined  by  Wuraler's'  method,  consisting  in  pass- 
ing the  goa  over  paper  moistened  with  fresh  para  phenylene  diamine  *  and  comparing 
the  depth  of  color  produced  with  a  standard  paper.  In  large  quantities  it  can  be 
tlctermined  accordine  to  Treadwell  and  Anneler'  by  piuaing  through  standard  neutral 
potaaaium  iodide  and  titration  of  the  liberated  iodine  with  N/10  sodium  thioaulphate. 


Analysis  of  Qaseous  Mixtures 


effected  by  absorbing  the  various  con- 
cave the  gas  be  UDabsorbabte, 


The  anal^■si3  of  &  gaseous  mixture  . 
stituents  and  observing  tl  edmimut  nn  i 
as  f  r  example  methane  (CII )     t 
burned   and  the  carbon  dioxide  and 
water  determined 

(a)  4  f^ysis  of  n  xture^  for  carbor  tss" 
ilioT  le  oxjgen  and  carbon  monox  d 
(t.g.  cl  n  ey  gases  producer  and  b!a  I 
fiirn  e  ga  )  can  be  done  ^  th  any  f 
the  ajp  ratufl  to  be  de  cr  bed  The 
Orsat  or  Elliott  are  the  forms  usually 
empl     ed 

(ft)  Analys  s  of  mixtures  as  n  (a) 
and  al-o  contaming  comb  t  ble  gn  es  as 
hydrogen  and  methane,  e.g.,  illuminating 
gas. 

The  Orsat  Apparatus.  Descrip- 
tion. The  apparatus.  Fig.  120,  is  en- 
closed in  a  case  to  permit  of  transpor- 
tation from  place  t<)  place;  furthermore, 
the  measuring-tube  is  jacketed  witli 
water  to  prevent  changes  of  tempera-  ^ 
ture  affecting  the  gaa-volume.  The 
apparatus  consisls  essentially  of  the 
leveling-bottle  A,  the  burette  B,  the 
pipettes  P',  P",  P'",  and  the  connecting  tube  T.  Pipette  P'  is  filled  with 
pota.'i.sium  (or  sodium)  hydroxide  solution  (see  Reagents)  so  that  when  it  is 
drawn  up  into  the  front  arm  about  half  an  inch  in  depth  is  left  in  the  rear  arm. 
Pipettes  P"  and  P'"  are  similarly  filled  with  potassium  (or  sodium)  pjTogallate 
and  cuprous  chloride  solutions  respccti\Tly.     These  reagents  require  to  be  pro- 

'Bcrichte.20,  921  (1888). 

*  Obtainable  from  Schuchardt,  Gfirlitz. 

*  Tread  well-Hall,  "  Quantitative  Analysis. " 
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tected  from  the  oxygen  of  the  air  by  collapsible  rubber  bags.    As  the  oxygw  in 
the  air  over  the  reagent  is  absorbed,  a  diminution  in  pressure  takes  place  rendering 
it  difRcult  to  bring  the  reagent  to  the  point  on  the  stem:  the  obvious  remedy  is 
to  remove  the  bag  temporarily  and  adjust  the  reagent.    When  the  apparatus  is 
is  first  set  up,  one  or  two  blank  anal^'ses  should  be  made,  to  saturate  the  wata" 
and  reagents  with  the  gases.    For  example  the  potassium  hydroxide  absorbs  carbon 
dioxide,  it  also  absorbs  about  3  cc.  of  oxygen,  2  cc.  of  carbon  monoxide  and  li 
cc.  of  nitrogen,  by  virtue  of  the  100  cc.  of  water  which  it  contains.    A  change  of 
tempcratiu*e  of  1^  makes  a  change  of  0.36%  of  the  volume  of  the  gas:  a  duinge 
of  pressure  of  1  mm.  produces  0.13%  change  in  the  volume. 

Manipulation.  The  reagents  in  the  pipettes  should  be  adjusted  in  the  capil- 
lary tubes  to  a  i)oint  on  the  stem  about  midway  between  the  top  of  the  pLpk^ 
and  the  rubber  connector.  This  is  effected  by  opening  wide  the  pinchcock  upon 
the  connector,  the  bottle  being  on  the  table,  and  very  gradually  lowering  the 
bottle  until  the  reagent  is  brought  to  the  point  above  indicated.  Six  inc^  of 
the  tubing  used  correspond  to  but  0.1  cc,  so  that  an  error  of  half  an  inch  in  adjost- 
ment  of  the  reagent  is  without  influence  upon  the  accuracy  of  the  result.  The 
reagents  having  been  thus  adjusted,  the  burette  and  connecting  tube  are  oom- 
pletely  filled  ^\^th  water  by  opening  d  and  raising  the  leveling-bottle.  The 
apparatus  is  now  ready  to  receive  a  sample  of  gas  (or  air  for  practice).  In  case  a 
flue-gas  is  to  be  analyzed  d  is  connected  with  i,  Fig.  112,  A  lowered  and  about  102  cc. 
of  the  gas  forced  over  by  opening  h;  or  d  may  be  connected  with  a  T-joint  in  the 
gas-stream;  the  burette  after  filling  is  allowed  to  drain  one  minute  by  the  sand- 
glass, c  snapix;d  upon  its  rubber  tube,  and  the  bottle  A  raise  d  to  the  top  of  the 
apparatus.  By  gradually  opening  c  the  water  is  allowed  to  run  into  the  burette 
until  the  lower  meniscus  stands  upon  the  100  or  0  mark  (according  to  the  gradu- 
ation of  the  apparatus).  The  gas  taken  is  thus  compressed  into  the  space  occupied 
by  100  cc,  and  by  opening  d  the  excess  escapes.  Open  c  and  bring  the  lerd  cftke 
water  in  the  bottle  to  the  same  level  as  the  water  in  the  burette  and  take  the  rcadmgf 
which  should  be  100  cc  Special  attention  is  called  to  tliis  method  of  reading: 
if  the  bottle  l^  raised,  the  gas  is  compressed;  if  lowered,  it  is  expanded. 

Determination  of  Carbon  Dioxide.  The  gas  to  be  analysed  is  invariably 
passed  first  into  pipette  P\  contaiiiuig  potassium  hydroxide  for  the  absorptioo  of 
carbon  dioxide,  by  opening  e  and  raising  A.  The  gas  displaces  the  reagent  in  the 
front  part  of  the  pipette,  laying  bare  the  tubes  contained  in  it,  which  behig  co\Tffd 
with  the  reagent  present  a  large  absorptive  surface  to  the  gas;  the  reagent  moves 
into  the  rear  arm  of  the  pipette,  displacing  the  air  over  it  into  the  flexible  rubber 
bag  which  prevents  its  diffusion  into  the  air.  The  gas  is  forced  in  and  out  of  the 
piix^tte  by  raising  and  lowering  -4,  the  reagent  finally  brought  approximately  to 
its  initial  point  on  the  stem  of  the  pipette,  the  burette  allowed  to  drain  one  minute, 
and  the  readuig  taken.  The  difference  between  this  and  the  initial  reading 
represents  the  cubic  centimeters  of  carbon  dioxide  present  in  the  gas.  To  be 
certain  that  all  the  carbon  dioxide  is  removed,  the  gas  should  be  passed  a  second 
time  into  P'  and  the  reading  taken  as  before;  these  readings  should  agree  within 
0.1%. 

Determination  of  Oxygen.  The  residue  from  the  absorption  of  carbon 
dioxide  is  passed  into  the  scjcond  pipette,  P",  containing  an  alkaline  solution  of 
potassium  pjTogallate,  until  no  further  absorption  will  take  place.  The  difference 
between  the  reading  obtaincnl  and  that  after  the  absorption  of  carbon  dioxide, 
represents  the  number  of  cubic  centimeters  of  oxygen  present. 
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Determination  of  Carbon  Monoxide.  The  residue  from  the  absorption  of 
oxygen  is  passed  into  the  third  pipette,  P"\  containing  cuprous  chloride,  until  no 
further  absorption  takes  place;  that  is,  in  this  case  until  readings  agreeing  exactly 
(not  merely  to  0.1)  are  obtained.  The  difference  between  the  reading  thus  obtained 
and  that  after  the  absorption  of  oxygen,  represents  the  number  of  cubic  centi- 
meters of  carbonic  oxide  present. 

Determination  of  Hydrocarbons.  The  residue  left  after  all  absorptions  have 
been  made  may  consist,  in  addition  to  nitrogen,  the  principal  constituent,  of  hydro- 
carbons and  hydrogen. 

Accuracy*  The  apparatus  gives  results  accurate  to  0.2  of  1%,  hence  figures 
obtained  by  division  to  0.01  should  not  be  reported. 

Time  Required.  About  twenty  minutes  are  required  for  an  analysis;  two 
may  be  made  in  twenty-five  minutes,  using  two  apparatus. 

Notes.  The  method  of  adjusting  the  reagents  is  the  only  one  which  has 
been  found  satisfactory:  if  the  bottle  be  placed  at  a  lower  level  and  an  attempt 
made  to  shut  the  pinchcock  c  upon  the  connector  at  the  proper  time,  it  will  almost 
rnvai-iably  result  in  failure. 

The  process  of  obtaining  100  cc.  of  gas  is  exactly  analogous  to  filling  a  measure 
heaping  full  of  grain  and  striking  off  the  excess  with  a  straightedge;  it  saves 
arithmetical  work,  as  cubic  centimeters  read  off  represent  per  cent  directly. 

It  often  happens  when  e  is  opened,  c  being  closed,  that  the  reagent  P'  drops, 
due  not  to  a  leak,  as  is  usually  supposed,  but  to  the  weight  of  the  column  of  the 
reagent  expanding  the  gas. 

The  object  of  the  rubber  bags  is  to  prevent  the  access  of  air  to  the  reagents, 
those  in  P"  and  P'"  absorbing  oxygen  with  great  avidity,  and  hence  if  freely  exposed 
to  the  air  would  soon  become  useless. 

Carbon  dioxide  is  always  the  first  gas  to  be  removed  from  a  gaseous  mixture. 
In  the  case  of  air  the  percentage  present  is  so  small,  0.08  to  0.1,  as  scarcely  to  be 
seen  with  this  apparatus.  It  is  important  to  use  the  reagents  in  the  order  given; 
if  by  mistake  the  gas  be  passed  into  the  second  pipette,  it  will  absorb  not  only 
oxygen,  for  which  it  is  intended,  but  also  carbon  dioxide;  similarly  if  the  gas  be 
passed  into  the  third  pipette,  it  will  absorb  not  only  carbonic  oxide,  but  also 
oxygen  as  well. 

The  use  of  pinchcocks  and  rubber  tubes,  original  with  the  author,  although 
recommended  by  Naef,  is  considered  by  Fischer  to  be  inaccurate.  The  experi- 
ence of  the  author,  however,  does  not  support  this  assertion,  as  they  have 
been  found  to  be  fully  as  accurate  as  glass  stopcocks,  and  very  much  less  trouble- 
some and  expensive. 

In  case  any  potassium  hydroxide  or  pyrogallate  be  sucked  over  into  the  tube  T 
or  water  in  A,  the  analysis  is  not  spoiled,  but  may  be  proceeded  with  by  connecting 
on  water  at  d,  opening  this  cock,  and  allowing  the  water  to  wash  the  tubes  out 
thoroughly.  The  addition  of  a  little  hydrochloric  acid  to  the  water  in  the  bottle 
A  will  neutralize  the  hydroxide  or  pyrogallate,  and  the  washing  may  be  postponed 
until  convenient. 

After  each  analysis  the  number  of  cubic  centimeters  of  oxygen  and  carbonic 
oxide  should  be  set  down  upon  the  ground-glass  slip  provided  for  the  purpose. 
By  adding  these  numbers  and  subtracting  their  sum  from  the  absorption 
capacity  (see  Reagents)  of  each  reagent,  the  condition  of  the  apparatus  is 
known  at  any  time,  and  the  reagent  can  be  renewed  in  season  to  prevent  incor- 
rect analyses. 
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Elliott  Apparatus.  Description.  The  apparatus  Fig.  121  cooBista  of  a  bai?tt« 
holding  100  cc.  gnuluated  in  tenths  of  a  cubic  centimeter  and  bulbed  like  the 
Bunte  apparatus — -the  bulb  holding  about  30  cc. ;  it  is  connected  with  a  le^'cling- 
bottle  similar  to  the  Orsat  apparatus.  The  top  of  the  burette  ends  in  a  capillarv 
stopcock,  the  stem  of  which  is  ground  square  to  admit  of 
close  connection  with  the  "  laboratory  vessel,"  an  unfrradu- 
ated  lube  similar  to  the  burette,  except  of  125  cc.  capacity. 
*  The  top  of  this  "  vessel  "  is  alsio  closed  with  a  capillary  stop- 
cock, carrjTng  by  a  ground-glass  joint,  or  better  a  rubber  stop- 
per, a  thfcitle-tube  F,  for  the  introduction  of  the  reagents. 
The  lower  end  of  this  "  vessel  "  is  closed  by  a  rubber  stop- 
per carrj-ing  a  thrcc-way  cock  o,  and  connected  with  a  level- 
ing bottle  D.  The  burette  and  vessel  are  held  upon  a  Hoclt 
of  wood — supported  by  a  ring  stand — by  fine  copper  wire 
tightened  by  violin  keys, 

Manipulatioii.  The  ground-glass  joints  are  lubricated 
with  stopcock  grease,  p.  726.  The  leve ling-bottles  are  filled 
with  water,  the  stopcocks  opened,  and  the  bottles  raised  until 
the  water  flows  through  the  stopcocks  m  and  n,  m  is  con- 
nected with  the  source  whence  the  gas  to  be  analyzed  b  to 
be  taken,  n  is  closed,  D  lowered  and  rather  more  than  100  cc 
drawn  in,  and  m  closed,  n  is  opened,  D  raised  and  E  low- 
ered, nearly  100  cc.  of  gas  introduced,  and  n  closed;  by  open- 
ing m  and  raising  D  the  remainder  of  the  gas  is  allowed  to 
escape,  the  tubes  being  filled  with  water  and  m  closed,  n  is 
opened  and  the  water  brought  to  the  reference  mark;  the 
burette  is  allowed  to  dniin  one  minute,  the  level  of  the  water 
in  E  is  brought  to  the  same  level  as  in  the  burette,  and  the 
reading  taken. 

D«terminatioa  of  Carbon  Dioxide.  By  ral'^ing  E,  open- 
ing n,  and  lowering  D,  the  gas  is  pas.scd  o\-er  into  the  labora- 
tory vessel;  F  is  filled  within  half  an  inch  of  the  top  with 
potassium  hydroxide,  o  closed,  m  opened,  and  the  reagent 
iillowed  slowly  to  trickle  in.  A  No.  3  evaporating  dish  is 
placed  under  o.  and  Ihis  turned  to  allow  the  liquid  in  the 
laboratory  vcs.scl  to  run  into  the  dish.  At  first  this  is  mainly 
wafer,  and  may  lie  thrown  awny;  later  it  becomes  diluted 
Fia.  121.  reagent  and  may  be  returned  to  the  thLftle-tube.     When  the 

depth  of  the  reiigrnt  in  the  thistle-tube  has  lowered  to  half  an 
inch,  it  t^hiiuld  l>c  refilled  either  with  fresh  or  the  diluted  reagent  and  allowed  to 
run  in  until  the  absorption  is  judged  to  be  complete,  and  the  gas  passed  back 
into  the  burette  for  measurement.  To  this  end  close  o  and  then  m,  rnLse  E. 
open  n,  and  force  some  pure  water  into  the  laboratory  vessel,  thus  rinsing  out 
the  capillary  tube.  Now  raise  D  and  lower  E,  shutting  n  when  the  liquid  has 
arrived  at  the  reference-mark.  The  burette  is  allowed  to  drain  a  minute,  the 
level  of  the  water  in  the  bottle  E  broiight  to  the  same  level  as  the  water  in  the 
burette,  and  the  rending  taken. 

D«tennination  of  Oxygen.  The  manipulation  is  the  same  as  in  the  pre- 
ceding determination,  potas-sium  pjTogatlate  being  substituted  for  potassium 
hydrate;  the  apparatus  requiring  no  washing  out. 
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Determination  of  Carbonic  Oxide.  The  laboratory  vessel,  thistle-tube,  and 
bottle  if  necessary,  are  washed  free  from  potassium  p3T0gallate  and  the  absorption 
made  with  acid  cuprous  chloride  similarly  to  the  determination  of  carbon  dioxide. 
The  white  precipitate  of  cuprous  chloride  may  be  dissolved  by  hydrochloric  acid. 

Accuracy  and  Time  Required.  The  apparatus  is  as  accurate  for  absorptions 
as  that  of  Orsat;  it  is  stated  to  be  much  more  rapid — a  claim  which  the  writer 
cannot  substantiate.  It  is  not  as  portable,  is  more  fragile,  and  more  troublesome 
to  manipulate,  and  as  the  burette  is  not  jacketed,  it  is  liable  to  be  affected  by 
changes  of  temperature. 

Notes.  In  case  at  any  time  it  is  desired  to  stop  the  influx  of  reagent,  o  should  be 
closed  first  and  then  w;  the  reason  being  that  the  absorption  may  be  so  rapid  as  to 
suck  air  in  through  o,  m  being  closed. 

The  stopcock  should  be  so  adjusted  as  to  cause  the  reagent  to  spread  itself  as  com- 
pletely as  possible  over  the  sides  of  the  burette. 

By  the  addition  of  an  explosion  tube  it  is  used  for  the  analysis  of  illuniinating  gas,* 
bromine  being  used  to  absorb  the  "  illuminants,"  Winkler  *  states  that  this  absorption 
is  incomplete;  later  work  by  Treadwell  and  Stokes,  and  also  Korbuly,*  has  shown 
that  bromine  water,  by  a  purely  physical  solution,  does  absorb  the  "  illuminants  " 
completely;  Hempel*  states  that  explosions  of  hydrocarbons  made  over  water  are 
inaccurate,  so  that  the  apparatus  can  be  depended  upon  to  give  results  upon  methane 
and  hydrogen  only  within  about  2%.  It  is,  however^  very  rapid,  a  complete  analysis 
of  illuminating  gas  can  be  made  with  it  in  fifty-five  minutes.  * 

Hempel's  Apparatus.  Description.  The  apparatus.  Figs.  122  and  123,  is 
very  similar  in  principle  to  that  of  Orsat;  the  burette  is  longer,  admitting  of  the 
reading  of  small  quantities  of  gas,  and  the  pipettes  are  separate  and  mounted  in 
brass  clamps  on  iron  stands.  P  shows  a  "  simple  "  pipette  *  provided  with  a 
rubber  bag;  this  form,  after  twenty-five  years  of  use,  can  be  said  satisfactorily  to 
take  the  place  of  the  cumbersome  "  compound  "  pipette. 

The  pipette  for  fuming  sulphuric  acid  •  is  shown  at  F,  and  differs  from  the 
ordinary  in  that  vertical  tubes  after  the  manner  of  those  in  the  Orsat  pipettes 
replace  the  usual  glass  beads.  This  prevents  the  trapping  of  any  gas  by  the 
filling,  which  was  so  common  with  the  beads  and  glass  wool.  E  represents  the 
large  explosion  pipette/  of  about  250-cc.  capacity,  with  walls  half  an  inch  thick; 
the  explosion  wires  enter  at  the  top  and  bottom  to  prevent  short-circuiting; 
mercury  is  the  confining  liquid.  The  small  explosion  pipette  holds  about  110  cc. 
and  is  of  glass,  the  same  thickness  as  the  simple  pipettes.  Water  is  here  used  as 
the  confining  liquid,  and  also  usually  in  the  burette. 

An  induction  coil  capable  of  giving  a  half-inch  spark,  with  six  dry  cells,  four 
"  simple  "  pipettes  and  a  mercury  burette,  complete  the  outfit. 

The  burette  should  be  carefully  calibrated  and  the  corrections  may  very  well 
be  etched  upon  it  opposite  the  10-cc.  divisions. 

In  working  with  the  apparatus  the  pipettes  are  placed  upon  the  adjustable 
stand  S  and  connection  made  with  the  doubly  bent  capillary  tube. 

Manipulation.  To  acquire  facility  with  the  use  of  the  apparatus  before 
proceeding  to  the  analysis  of  illuminating  gas,  it  is  well  to  make  the  following 

^  Mackintosh,  Am.  Chera.  Jour.,  9,  294. 

«  Zeit.  f .  Anal.  Chem.,  28,  286. 

» Treadwell-Hall's  "Quantitative  Analysis,"  p.  569. 

*  "  Gasanaly tische  Methoden,"  p.  102. 

"Gill,  Am.  Chem.  J.,  14,  231,  1892. 

•Ibid.,  J.  Am.  Chem.  Soc,  18,  67.  1896. 

»  GiU,  J.  Am.  Chem.  Soc,  17,  771,  1895. 
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determinations,  obtaining  "  check-readings  "  in  e\-ery  case:  I.  Chcygen  in  air,  by 
(1)  absorption  with  phosphorus;  (2)  absorption  with  potasBium  (or  sodium) 
pyro^llat«;'  (3)  by  explosion  with  hydrogen, 

I.  DBTERMIHATION  OF  OXYGEN  IN  AIR 

(1)  By  E^OB^aniS.  100  cc.  of  air  are  measured  out  as  with  the  Orsat  appa- 
ratus, the  burette  being  allowed  to  drain  two  minutes.  The  rubber  connectors 
upon  the  burette  and  pipette  are  filled  with  water,  the  cai»llaty  tube  inserted,  »s 
far  as  it  will  go,  by  a  twisting  motion,  into  the  connector  upon  the  burette,  thus 
filling  the  cat>illary  with  water;  the  free  end  of  the  capillai^  is  inserted  into  the 


Fig.  122. 


pipette  connector,  the  latter  pinched  so  as  to  form  &  chaimel  for  the  water  cod- 
tuined  in  it  to  escaiie,  and  the  capillary  twisted  and  forced  down  to  the  pinchcork. 
There  should  be  as  little  free  space  as  possible  between  the  capillaries  and  the  pncb- 
cock.  Before  using  a  pipette,  its  connector  (and  rubber  bag)  should  be  carefully 
examined  for  leaks,  especially  in  the  former,  and  if  any  found  the  faulty  piece 
replaced. 

The  pinchcock  on  the  burette  and  pipette  are  now  opened,  the  air  forced  over 
into  the  phosphorus,  and  the  pinchcock  on  the  pipette  closed;  action  iramediatdy 

'  The  writer  finds  after  an  experience  of  more  than  twenty-five  years  in  the  W>- 
oratory  with  hundreds  of  students,  that  sodium  pyrogallate  can  be  used  with  practitsUy 
the  same  results  as  the  potassium  comi>ouad.  The  absorption  is  complete,  as  abovQ 
by  subsequent  treatment  with  cuprous  chloride. 
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ensues,  shown  by  the  white  fum^s;  after  allowing  it  to  stand  fifteen  minutes  the 
residue  is  drawn  back  into  the  burette,  the  latter  allowed  to  drain  and  the  reading 
taken.  The  absorption  goes  on  best  at  20°  (;.,  not  at  all  below  15°  C;  it  is 
very  much  retarded  by  small  amounts  of  ethane  and  ammonia.  It  cannot  be 
used  to  absorb  commercial  oxygen.  No  cognizance  need  be  taken  of  the  fog  of 
oxides  of  phosphorus. 

(2)  By  Pyrogallate  of  Potasaium.  100  cc.  of  air'  are  measured  out  as  before, 
the  carbon  dioxide  absorbed  with  potassium  hydrate  and  the  oxygen  with  potassium 
pyrogallate,  as  with  the  Orsat  apparatus;  before  setting  aside  the  pyrogallate 
pipette,  the  number  of  cubic  centimeters  of  oxygen  absorbed  should  be  noted  upon 
the  slate  a  on  the  stand.    This  must  never  be  omitted  with  any  pipette  save  pos- 


Fio.  123. 


sibly  that  for  potassium  hydroxide,  as  failure  to  do  this  may  result  in  the  ruin  of 
an  important  analysis.  The  reason  for  the  omission  in  this  case  is  found  in  the 
large  absorption  capacity-^four  to  five  liters  of  carbon  dioxide — of  the  reagent. 
(3)  By  Explosion  with  Hydrogen.  Forty-three  cc.  of  air  and  57  cc.  of 
hydrogen  are  measured  out,  passed  into  the  small  explosion  pipette,  the  capillary 
of  the  pipette  filled  with  water,  the  pinchcocks  and  glass  stopcock  all  closed,  a 
heavy  glass  or  fine  wire  gauze  screen  placed  between  the  pipette  and  the  operator, 
the  spark  passed  between  the  spark  wires,  and  the  contraction  in  volume  noted. 
The  screen  should  never  be  omitted,  as  serious  accidents  may  occur  thereby.  The 
oxygen  is  represented  by  one-third  of  the  contraction.  For  very  accurate  work 
the  sum  of  the  combustible  gases  should  be  but  one-sixth  that  of  the  non-com- 
bustible gases,  otherwise  some  nitrogen  will  burn  and  high  results  will  be  obtained;' 
thatis,(H+0)  :(N+H)r:l  :  6. 
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n.  ANALYSIS  OF  ILLUMINATING  GAS 

One  hundred  cc.  of  gas  are  measured  from  the  bottle  containing  the  sample 
into  the  burette. 

Determination  of  Carbon  Dioxide.  The  burette  is  connected  with  the 
pipette  containing  potassium  hydroxide  and  the  gas  passed  into  it  with  shaking 
until  no  further  diminution  in  volume  takes  place. 

niuminantSi  CnHsn,  CnHsf»-6  Series. — The  rubber  connectors  are  caref  uUy  dried 
out  with  filter-paper,  a  dry  capillary  used,  and  the  gas  passed  into  the  pipett* 
containing  fuming  sulphuric  acid  and  allowed  to  stand,  with  occasional  passes 
to  and  fro,  for  forty-five  minutes.  On  account  of  the  extremely  corrosive  nature 
of  the  absorbent  it  is  not  advisable  to  shake  the  pipette,  as  in  case  of  breakage 
a  serious  accident  might  occiu".  For  water  gas  this  is  sufficient,  although  in  case 
of  doubt  or  with  richer  gases  check  readings  to  0.2  cc.  should  be  obtained.  It  i5 
then  passed  into  potassium  hydroxide,  as  in  the  pre\'ioufi  determination,  to  remoTC 
any  sulphurous  acid  which  may  have  been  formed  and  any  sulphuric  anh>'dride 
vapor,  these  having  a  higher  vapor  tension  than  water.  The  difference  between 
this  last  reading  and  that  after  the  absorption  of  the  carbon  dioxide  represent^ 
the  volume  of  "  illuminants  "  or  "  heavy  hydrocarbons  "  present. 

As  has  already  been  stated,  page  701,  saturated  bromine  water  may  repla<^ 
the  fuming  sulphuric  acid.  Fuming  nitric  acid  is  not  recommended,  as  it  is  liable 
to  oxidize  carbonic  oxide. 

Oxygen.  This  is  absorbed,  as  in  the  anal}^is  of  air,  by  potassium  or  sodium 
pyrogallate. 

Carbonic  Oxide.  The  gas  is  now  passed  into  ammoniacal  cuprous  chloride, 
until  the  reading  is  constant  to  0.2  cc;  it  is  then  pa^.sed  into  a  second  pipette, 
which  is  fresh,  and  absorption  continued  until  constant  readings  are  obtained. 
The  second  pipette  should  not  have  absorbed  more  than  10  cc.  of  CO. 

Gautier  and  Clausmaim^  have  shown  that  some  carbonic  oxide  escapes  solution 
in  cuprous  chloride,  so  that  for  very  accurate  work  it  may  be  necessary  to  pass 
the  gas  through  a  U-tube  contaming  iodic  anhydride  heated  to  70**  C. 

This  is  done  by  interposing  this  tube  between  the  burette  and  a  simple  pipette 
filled  with  potassium  hydrate.  The  reaction  is  SCO-hlzO*  =5COa+2I.  The  dimi- 
nution in  volume  represents  directly  the  volume  of  carbonic  oxide  present. 

The  volume  of  air  contained  in  the  tube  should  be  corrected  for  as  follows: 
One  end  of  the  tube  is  plugged  tightly  and  the  other  end  connected  with  the  g^as 
burette  partly  filled  with  air.  A  bath  of  water  at  9®  C.  is  placed  around  the 
U-tube  and  the  reading  of  the  air  in  the  gas  burette  recorded  when  constant; 
the  bath  is  now  heated  to  100°  and  the  burette  reading  again  recorded  when 
constant.  The  increase  in  reading  represents  one-third  the  volume  of  the  U-tube, 
273  :273+(100-9)::3  : 4. 

Methane  and  Hydrogen,  (a)  Hinman^s  Method,^  The  gas  left  from  the 
absorption  of  carbonic  oxide  is  passed  into  the  large  explosion  pipette.  About 
half  the  requisite  quantity  of  oxygen  (40  cc.)  necessary  to  bum  the  gas  is  now 
added,  mercury  introduced  through  the  T  in  the  connector  sufficient  to  seal  the 
capillary  of  the  explosion  pipette,  all  rubber  connectors  carefully  wired,  the  pinch- 
cocks  closed,  and  the  pipette  cautioasly  shaken.  A  screen  of  heavy  glass  or  fine 
wire  gauze  is  uiterposod  between  the  operator  and  the  apparatus,  the  explosion 

1  Bull.  See.  Chem.,  35,  613;  Abstr.  Analyst,  31,  349,  1906. 
«  Gill  and  Hunt,  J.  Am.  Chem.  See,  17,  987,  1895. 
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wires  are  connected  with  the  induction  coil,  a  spark  passed  between  them  and  the 
pinchcocks  opened,  sucking  in  the  remainder  of  the  oxygen.  The  capillary  is 
agaui  sealed  with  mercury,  the  stopcock  opened  and  closed,  to  bring  the  contents 
of  the  pipette  to  atmospheric  pressure,  and  the  explosion  repeated  as  before,  and 
the  stopcock  opened. 

It  may  be  found  expedient  to  increase  the  inflammability  of  the  mixture, 
to  introduce  5  cc.  of  "  detonating  gas,"  the  hydrolytic  mixture  of  hydrogen  and 
mygen.  The  gas  in  the  pipette  containing  carbon  dioxide,  oxygen,  and  nitrogen 
is  transferred  to  the  mercury  burette  and  accurately  measured.  The  carbon 
dioxide  resulting  from  the  combustion  of  the  marsh  gas  is  determined  by  absorption 
in  potassium  hydroxide;  to  show  the  presence  of  an  excess  of  oxygen,  the  amount 
remaining  is  determined  by  absorption  with  potassium  pyrogallate. 

The  calculation  is  given  on  page  706.  For  very  accurate  work  a  second  anal3rsis 
riiould  be  made,  making  successive  explosions,  using  the  percentages  of  methane 
and  hydrogen  just  found  as  a  basis  upon  which  to  calculate  the  quantity  of  oxygen 
to  be  added  each  time.  The  explosive  mixture  should  be  so  proportioned  that 
the  ratio  of  combustible  gas  (i.e.,  CH4,  H  and  O)  is  to  the  gases  which  do  not 
bum  (i.e.,  N  and  the  excess  of  CH4  and  H)  as  100  is  to  about  50  (from  26  to  64)  ;^ 
otherwise  the  heat  develop)ed  is  so  great  as  to  produce  oxides  of  nitrogen,  which, 
being  absorbed  in  the  potassium  hydroxide,  would  affect  the  determination  of  both 
the  methane  and  the  hydrogen.  The  oxygen  should  preferably  be  pure,  although 
commercial  oxygen,  the  purity  of  which  is  known,  can  be  used;  the  oxygen 
content  of  the  latter  should  be  tested  from  time  to  time,  especially  with  different 
samples. 

(6)  Hempel^a  Method,^  From  12  to  15  cc.  of  the  gas  are  measured  off  into  the 
burette  (e.g.,  13.2  cc.)  and  the  residue  is  passed  into  the  cuprous  chloride  pip)ette 
for  safe  keeping.  That  in  the  burette  is  now  passed  into  the  small  explosion 
pipette;  a  volume  of  air  more  than  sufficient  to  bum  the  gas,  usually  about  85  cc, 
fe  accurately  measured  and  also  passed  into  the  explosion  pipette,  and  in  so  doing 
water  from  the  burette  is  allowed  partially  to  fill  the  capillary  of  the  pipette  and 
act  as  a  seal.  The  rubber  connectors  upon  the  capillaries  of  the  burette  and 
pipette  are  carefully  wired  on,  both  pinchcocks  shut,  and  the  stopcock  closed. 
Tike  pipette  is  cautiously  shaken,  the  screen  interposed,  the  explosion  wires  con- 
nected with  the  induction  coil,  a  spark  passed  between  them,  and  the  stopcock 
immediately  opened.  The  gas  in  the  pipette,  containing  carbon  dioxide,  oxygen, 
••ikI  nitrogen,  is  transferred  to  the  burette,  accurately  measured,  by  reading 
-SDunediately,  to  prevent  the  absorption  of  carbon  dioxide,  and  carbon  dioxide 
^ttrf  oxygen  determined  in  the  usual  way. 

Calculation,  (a)  Hinman^s  Method,  56.2  cc.  of  gas  remained  after  the 
•tuorption;  77.4  cc.  of  oxygen  were  introduced,  givuig  a  total  volume  of  133.6  cc. 

Residue  after  explosion 46 . 9  cc. 

Residue  after  COj  absorption 28 . 2 

Carbon  dioxide  formed 18.7 

Contraction 133.6-46.9  =  86.7 

Residue  after  O  absorption 25 . 6 

Qjygen  in  excess 28.2-25.6=     2.6 

^Bunsen,  "  Gasometrische  Methoden,"  2d  ed.,  73,  1877. 
*Hempel,  "  Gas  Analytische  Methoden,"  3d  ed.,  245,  1901. 
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The  explosion  of  marsh  gas  or  methane  is  represented  by  the  equation 


CH« 

+ 

0. 

0, 

- 

CO, 

+ 

H,0 

+ 

EJO 

From  this  it  is  evident  that  the  volume  of  carbon  dioxide  is  equal  to  the  volume 
of  methane  present;  therefore  in  the  above  example,  in  the  56.2  cc.  of  gas  biuKd, 
there  were  18.7  cc.  methane. 

The  total  contraction  is  due  (1)  to  the  disappearance  of  oxygen  in  comfaimif 
with  the  hydrogen  of  the  methane,  and  (2)  to  the  union  of  the  free  hydrogeninth 
oxygen.  The  volume  of  the  methane  having  been  found,  (1)  can  be  ascertaiixd 
from  the  equation  above,  equals  twice  the  volume  of  the  methane;  hence 

86.7 -(2X18.7)  =49.3  cc, 

contraction  which  is  due  to  the  combustion  of  hydrogen.  This  takes  plan 
according  to  the  following  reaction:^ 


H. 

+ 

H. 

+ 

0, 

s 

H,0 

+ 

H,0 

Hydrogen  then  requires  for  its  combustion  half  its  volume  of  ox3neen,  faenre 
this  49.3  cc.  represents  a  volume  of  hydrogen  with  i  its  volume  of  oxygen,  or } 
volumes;  hence  the  volume  of  hydrogen  is  32.9  cc. 

(b)  HempeVs  Method.  Of  the  82  cc.  of  gas  remaining  after  the  abeorptions,  13i 
cc.  were  used  for  the  explosion;  86.4  cc.  air  introduced,  giving  a  total  volume  of  99.6CC. 

Residue  after  explosion 78 .0  cc. 

Residue  after  COs  absorption 73.2 

Carbon  dioxide  formed 4.8 

Contraction 99. 6-78. 0«  21 .6 

Residue  after  O  absorption 70.2 

Oxygen  m  excess 73.2-70.2=  3.0 

The  carbon  dioxide  being  equal  to  the  methane  present,  in  the  13.2  cc.  of  gas 
burned  there  were  4.8  cc.  of  methane.  The  volume  of  methane  is  found  by  the 
proportion  13.2  :  82  ::4.8  :  x,  whence  a;  »29.8  cc. 

The  hydrogen  is  calculated  similarly. 

Another  method  for  the  estimation  of  hydrogen  is  by  absorption  with  palladiiun 
sponge;*  it,  however,  must  be  carefully  prepared,  and  it  is  the  author's  experience 
that  one  cannot  be  sure  of  its  efficacy  when  it  is  desired  to  make  use  of  it.  A 
still  better  absorbent  of  hydrogen  *  is  a  1%  solution  of  palladous  chloride  at  50^  C; 
when  fresh  this  will  absorb  20-50  cc.  of  hydrogen  in  ninety  minutes.  A  p«o- 
portionately  longer  time  is  required  if  more  hydrogen  be  present  or  the  solution 
nearly  saturated.  The  methcme  could  then  be  determined  by  explosion  or  bj 
mixing  with  air  and  passing  to  and  fro  over  a  white-hot  platinum  spiral  in  b 
tubulated  pipette  called  the  grisoumeter  *  (grisou  « methane). 

Nitrogen.  There  being  no  direct  and  convenient  method  for  its  estimation 
with  this  apparatus,  the  percentage  is  obtained  by  finding  the  difference  between 
the  sum  of  all  percentages  of  the  gases  determined  and  100%. 

^HtO  being  as  steam  at  100  "^  C.  At  ordinary  temperatures  this  is  ooodenaed, 
giving  rise  to  "total  contraction." 

>  Rempel,  Berichte,  12,  636  and  1006,  1879. 

«  Campbell  and  Hart,  Am.  Chem.  J.,  18,  294,  1896. 

*  Winkler,  Fres.  Zeit.,  28,  269  and  288. 
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New  ^  detennined  nitrogen  in  illuminating  gas  directly  after  the  method  of 
Dumas  in  organic  substances;  150  cc.  of  gas  are  used,  the  hydrocarbons  partially 
absorbed  by  fuming  sulphuric  acid  and  the  remainder  burned  in  a  combustion 
tube  with  copper  oxide;  the  carbon  dioxide  is  absorbed  and  the  residual  nitrogen 
collected  and  measured. 

Accuracy  and  Time  Required.  For  the^sbsorptions  the  apparatus  is  accurate 
to  0.1  cc;  for  explosions  by  Hinman's  method*  the  methane  can  be  determined 
within  0.2%,  the  hydrogen  within  0.3%;  by  Hempel's  method  within  1%  for  the 
methane  and  7.5%  for  the  hydrogen.  Th^  time  required  for  the  analysis  of 
illuminating  gas  is  from  three  to  three  and  one-half  hours;  for  air,  from  fifteen  to 
twenty  minutes.  '^"- 

Notes.  The  object  in  filling  the  capillaries  of  the  explosion  pipettes  with 
water  or  mercury  before  the  explosion  is  to  prevent  the  bursting  of  the  rubber 
connectors  on  them.  With  mercury  this  is  effected  by  introducing  it  through 
the  T-joint  in  the  connector.  After  testing  for  oxygen  with  the  pyrogallate  a 
small  quantity  of  dilute  acetic  acid  is  sucked  into  the  burette  to  neutralize  any 
alkali  which  by  any  chance  may  have  been  sucked  over  into  it.  The  acid  is  rinsed 
out  with  water  and  this  is  forced  out  by  mercury  before  the  burette  is  used  again. 

The  water  in  the  burette  should  be  saturated  with  the  gas  which  is  to  ba  analyzed 
— BS  illuminating  gas — before  beginning  an  analysis.  The  reagents  in  the  pip)ettes 
should  also  be  saturated  with  the  gases  for  which  they  are  not  the  reagent.  For 
example,  the  fuming  sulphuric  acid  should  be  saturated  with  oxygen,  carbon 
monoxide,  methane,  hydrogen,  and  nitrogen;  this  is  effected  by  making  a  blank 
analysis,  using  illuminating  gas. 

The  method  of  analysis  of  the  residue  after  the  absorptions  have  been  made 
by  explosion  is  open  to  two  objections*  Ist,  the  danger  of  burning  nitrogen  by 
the  violence  of  the  explosion;  and  2d,  the  danger  of  breakage  of  the  apparatus 
and  possible  injury  to  the  operator.  These  may  be  obviated  by  employing  the 
apparatus  of  Deimis  and  Hopkins,'  which  is  practically  a  grisoumeter  with  mercury 
as  the  confming  liquid;  or  that  of  Jaeger,^  who  bums  the  gases  with  oxygen  in  a 
hard-glass  or  quartz  tube  filled  with  cop()er  oxide.  By  heating  to  250^  C.  nothing 
but  hydrogen  is  burned;  higher  heating  of  the  residue  bums  the  methane.  Recent 
work  shows  this  procedure  to  be  very  slow  and  not  very  accurate.  Or  the  mix- 
ture of  oxygen  and  combustible  gas^,  bearing  in  mind  the  ratio  mentioned  at  the 
bottom  of  page  703,  can  be  passed  to  and  fro  through  Drehschmidt's*  capillary 
heated  to  a  bright  redness.  This  consists  of  a  platinum  tube  20  cm.  long,  2  mm. 
thick,  1.7  mm.  bore,  filled  with  three  platinum  or  palladium  wires.  The  ends  of 
the  tube  are  soldered  to  capillary  brass  tubes  and  arranged  so  that  these  can  be 
water  cooled.  It  is  inserted  between  the  burette  and  a  simple  pipette,  mercury 
being  the  confining  liquid  in  both  cases.  The  air  contained  in  the  tube  can  be 
determined  as  in  the  case  of  the  tube  containing  iodic  anhydride,  page  704. 

To  the  method  of  explosion  by  the  mixture  of  an  aliquot  part  of  the  residue  with 
air,  method  (6),  there  is  the  objection  that  the  carbon  dioxide  formed  is  measured 
over  water  in  a  moist  burette,  giving  abundant  opportunities  for  its  absorption,  and 
that  the  errors  in  analysis  are  multiplied  by  about  six,  in  the  example  by  f}}. 

>  J.  See.  Chem.  Ind.,  11,  415,  1802. 
'  Gill  and  Hunt,  Ice.  cit. 

*  J.  Am.  Chem.  See.,  81,  39d,  1899. 

*  J.  Gasbeleuchtung,  41,  764.    Abstr.  J.  See.  Chem.  Ind.,  17,  1190,  1898, 

*  Berichte,  81,  3242, 1888. 


708  GAS  ANALYSIS 

APPLICATIONS  OF  GAS  ANALYSIS  AND  INTERPRETATION 

OF  RESULTS 

It  is  only  within  comparatively  recent  times  tliat  Gas  Analjrsis  has  assumed 
any  importance.  The  reasons  are  that  the  substances  with  which  it  deals  are  so 
intan^ble,  the  apparatus  is  complicated  and  fragile,  and  until  lately,  competitioii 
has  not  compelled  manufacturers  to  seek  every  possible  source  of  loss. 

Some  of  its  applications  are  to : 

I.  Chimney  and  flue  gases; 
II.  Producer  and  fuel  gases; 

III.  Illuminating  gas; 

IV.  Sulphuric  acid  gases; 
V.  Mine  gases; 

VI.  Electrolytic  gases;  ^ 

VII.  Acetylene; 
VIII.  Atmospheric  air. 

I.  CHIMNEY  AND   FLUE   GASES 

Here  the  object  is  to  keep  the  carbonic  acid  (COj)  as  high  as  possible,  and  to 
avoid  the  formation  of  carbon  monoxide :  in  large  plants  every  additional  per  cent 
of  carbonic  acid  means  the  saving  of  tons  of  coal.  Savings  of  20  to  33%  by  the 
use  of  gas  analysis  alone,  have  frequently  come  to  the  writer's  notice.  A  satis- 
factory procedure  is  to  post  in  the  fire-room  the  percentage  of  carbonic  acid 
obtained  by  each  stoker,  and  stimulate  a  rivalry  among  the  men — a  bonus  in  the 
pay  envelope  is  also  effective.    The  determinations  to  be  made  are: 

Analysis  of  Chimney  Gases.  Determination  of  carbon  dioxide,  oxygen, 
carbon  monoxide,  nitrogen,  and  in  some  case  hydrocarbons.  For  this  purpose 
the  Orsat  apparatus  is  widely  employed:  the  hydrocarbons  may  be  determined 
by  the  Hempel  ai)paratus. 

Usually  a  few  determinations  of  carbonic  acid  will  suffice,  but  for  regular  work 
the  installation  of  some  form  of  registering  carbonic  acid  indicator  should  be 
installed. 

Carbonic  Acid  Indicators.^  These  usually  depend  upon  the  principle  of 
collecting  100  cc.  of  the  gas,  causing  it  to  pass  through  a  suitable  absorber  and 
collecting  the  residue  in  a  Ml  which  floats  to  a  greater  or  less  height  according  to 
the  residual  volume.  The  fluctuations  of  this  bell  are  recorded  after  the  usual 
manner  of  self-registering  barometers  or  thermometers:  the  usual  time  for  this 
analysis  and  record  is  five  minutes. 

By  modifying  this  apparatus  slightly,  it  can  be  applied  to  the  determination 
of  any  absorbable  gas  as,  for  example,  sulphurous  acid  or  chlorine.  It  has  been 
adapted  to  carbon  monoxide  absorption,  but  it  is  not  usual  or  easy. 

Haber  *  employs  the  refractive  index  of  gases  to  determine  the  amount  of 
carbonic  acid  in  chimney  gas;  it  gives  results  within  half  of  1%;'  it  has  also  been 

*  These  can  be  obtained  from  the  following:   Combustion  Appliance  Co.,  Chicago; 
Precision  Instrument  Co.,  Detroit;   Uehling  Instrument  Co.,  Passaic. 
2  Z.  Ang.  Chem.,  19,  1418,  1906;  ibid.,  23,  1393,  1910. 
»  Mohr,  ibid.,  25,  1313,  1912. 
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applied  to  other  gaseous  mixtures.  The  instrument  is  called  the  Interfeibmeter 
or  Gas  Hefractometer  and  is  made  by  Zeiss  of  Jena. 

The  Determinatioii  of  Temperature.  This  is  done  by  inserting  a  ther- 
mometer, mounted  in  a  metal  tube,  on  the  chimney  side  of  the  gas  sampling  tube. 
These  resemble  those  used  for  determining  steam  temperatures  or  for  "  running  " 
varnish.  It  should  register  to  360°  and,  under  certain  circumstances,  one  showing 
550®  may  be  desirable.  A  chemical  thermometer  with  long  stem  may  also  be 
employed;  it  should  never  be  inserted  naked  into  the  flue — as  a  sudden  hot  blast 
may  break  it — but  always  in  a  tube  of  cotton-seed  oil  or  sea  sand.*  These  ther- 
mometers should  be  tested  for  accuracy  by  comparison  with  a  standard,  in  a  care- 
fully stirred  oil  bath.  The  standard  should  be  kept  exclusively  for  the  purpose 
and  be  allowed  to  stay  in  the  bath  until  cool.  Sudden  cooling  of  a  thermometer 
changes  the  zero  point.  The  standard  can  be  certified  by  the  makers  or  the 
United  States  Bureau  of  Standards. 

Electric  pyrometers  are  also  of  course  available  for  these  measurements.  An 
error  of  five  degrees  (5**)  in  the  reading  of  the  thermometer  affects  the  final  result 
by  about  20  calories. 

In  case  none  of  these  appliances  be  at  hand,  the  maximum  temperature  can 
be  determined  by  utilizing  the  melting-points  of  certain  pure  salts  or  metals; 
as  tm  232**,  bismuth  270°,  cadmium  302°,  lead  327°,  zinc  419°,  cadmium 
chloride  541°,  antimony  630°,  etc.  These  can  be  suspended  in  the  chinmey 
in  small  covered  cast-iron  boxes. 

Compositioii  of  the  CoaL  This  is  determined  by  the  usual  methods  of 
oi^nic  combustion  and  is  required  only  for  very  accurate  work. 

Calculation: 

a.  Heat  passing  up  chinmey; 

b.  Pounds  of  air  per  pound  of  coal. 

(a)  Heat  Passing  up  Chimney.  The  accurate  calculation  resolves  itself  into 
finding  what  volume  of  gas  of  the  composition  determined  by  analysis  would  be 
produced  by  a  kilo  of  the  coal  used,  and  whose  analysis  is  known.  The  temperature 
of  the  escaping  chinmey  gases  being  also  known,  and  their  s()ecific  heat,  the 
quantity  of  heat  they  carry  off  can  be  calculated:  this  divided  by  the  calorific 
power  of  the  coal  gives  the  per  cent  of  heat  lost  in  the  chimney  gases.  The  cal- 
culation is  rather  long  and  will  be  found  in  detail  in  the  author's  book.' 

The  formula  of  Shields.' 

^  .  ,     .  t    .     Per  cent  carbon  in  coal 

Per  cent  heat  lost  =-77 — 7: ; ; r 

Heatmg  value  of  coal 

^        200-l-per  cent  CO,        ^  •     •    .  *       •    ori  vxa  oqua 

Xzz T^r-; --7-rXrise  m  temperatiD^  m  °C.X  0.2864, 

Per  cent  CO, -|- per  cent  CO 

gives  results  usually  0.5%  low,  as  no  cognizance  has  been  taken  of  the  water 
vapor. 

Another  formula*  in  which  only  the  carbon  dioxide  and  its  temperature  enters 
was  proposed  by  Bunte  and  gives  close  results. 

For  every  per  cent  of  carbonic  acid  present  43.43  calories  per  cubic  meter  of 

*  With  rounded  grains,  not  river  sand,  as  it  would  make  scratches. 

*  "  Gas  and  Fuel  Analysis  for  Engineers."    Wiley. 
»  "  Power,"  80,  1121,  1909. 

*  J.  J.  Gasbeleuchtieng,  48,  637,  1900. 
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flue  gases  have  been  developed  ^TT;  C  » specific  heat  of  the  flue  gases  per  cuUe 
meter;  then  W/C  represents  the  initial  temperature  (which  is  never  attained)  the 
ratio  of  which  to  the  actual  exit  temperature  of  the  flue  gases  shows  the  heat 
lost.  If  T  »this  initial  temperature  and  t  the  rise  of  temperature  of  the  flue  gases, 
then  %/T  represents  the  heat  lost  in  the  chimney  gases. 

The  following  table  gives  the  data  for  the  calculation  for  both  pure  carbon  and 
coal  of  average  value: 


Per  Cent  of  CO*  in 

Specific  Heat  of 
Chimney  Gas. 

Initial  Temperature,  W/C.     Decree*  C. 

Chimney  Gas. 

For  Carbon  -  T. 

For  Coal  -  T. 

Diff.  for  0.1*^00*. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

0.308 
0.310 
0.311 
0.312 
0.313 
0.314 
0.315 
0.316 
0.318 
0.319 
0.320 
0.322 
0.323 
0.324 
0.324 
0.325 

141 
280 
419 

557 

694 
830 
962 
1096 
1229 
1360 
1490 
1620 
1750 
1880 
2005 
2130 

167 

331 

493 

652 

808 

961 

1112 

1261 

1407 

1550 

1692 

1830 

1968 

2102 

2237 

2366 

16 
16 
16 
15 
15 
15 
15 
15 
14 
14 
14 
14 
13 
13 
13 

If  there  were  11.5%  carbonic  acid,  the  initial  temperatiu*  T  would  be  1762**; 
the  rise  of  temperature  in  the  chimney  gases  is  250°,  the  loss  is  -ff^  or  14.2^. 
The  accurate  calculation  gives  14.1. 

Finally,  for  very  rapid  work,  Bunte's  Chart,  Table  V,  may  be  used.  The 
results  are  within  2%  for  alx^ut  12%  of  carbonic  acid.  It  is  used  by  noting  the 
point  where  the  diagonal  line  representing  COi  cuts  the  ordinate  of  temperature — 
the  abscissa  corresponding  to  this  point  represents  the  per  cent  loss. 

The  following  table  shows  roughly  the  excess  of  air,  and  per  cent  of  heat  lost 
in  the  chimney  gases,  their  temperature  being  SIS'*  F. 


Per  cent  Cd. . 

Vol.  air  more 
than  theory 
=  1.0 

Per  cent  loss 
of  heat 


9  5 
90 


6.3 
60 


4.7 
45 


3.8 
36 


6 


3.2 


30 


2.7 
26 


8 


2.4 


23 


9 

2.1 
20 


10 

1.9 
18 


11 

1.7 
16 


12 


1.6 
15 


13 


14 


1.5    1.4 


14 


13 


15 


1.3 

12 


If  the  oxygen  be  from  1 .5%  to  2%  with  the  temperature  of  escaping  gases  at 
400-500**  F.,  the  fires  are  too  thick;  if  it  be  less  than  8%  they  are  too  thin. 

(6)  Pounds  of  Air  per  Pound  of  Coal.  This  can  be  determined  by  calculat- 
ing the  ratio  of  carbon  to  oxygen  in  the  carbonic  acid  and  carbon  monoxide  and 
oxygen  of  the  chimney  gases,  or  by  the  formula  of  Shields.* 


^Loccit. 
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.-,       J     .    .  J    .       1    rt«^   Per  cent  of  carbon  in  coal 

Pounds  of  air  per  pound  of  coal  =2.31  z; — — ;— r. 

^   ^  Per  cent  COi-hper  cent  CO 

Loss  Due  to  Carbonic  Oxide,  For  every  gram  of  carbon  burned  to  carbonic 
oxide  there  is  a  loss  of  5.66  calories. 

Smoke.  For  the  determination  of  the  amount  of  smoke  in  the  chimney  gases, 
use  may  be  made  of  the  Ringelmann  smoke  scale.  This  consists  ^  of  a  series  of 
rectangles  }  in.X}  in.  filled  with  cross-hatching  lines  a  greater  or  less  distance 
apart,  with  which  the  density  of  the  smoke  can  be  compared.  Or  the  Eddy 
smoke  recorder'  may  be  employed;  this  consists  of  a  tube  of  standard  length 
through  which  the  smoke  gases  are  drawn.  A  standard  electric  light  is  fixed  at 
one  end  of  the  tube  and  viewed  through  the  smoke;  its  density  is  measured  by 
the  extent  to  which  the  light  is  obscured. 


II.  PRODUCER  AND  FUEL  OASES.     BLAST-FURNACE  OAS 

Here  the  object  is  the  reverse  of  that  in  the  chimney  gases,  to  keep  the  per- 
centage of  carbon  monoxide  as  high  as  possible  and,  for  gas-engine  purposes,  the 
per  cent  of  hydrogen  constant. 

The  determinations  made  are  the  same  as  in  chimney  gas — COi,  O,  CO,  N,  and 
oftentimes  hydrogen  and  hydrocarbons;  the  quantity  of  dust  is  sometimes  impor- 
tant. The  heating  value  is  determined  as  in  illuminating  gas,  p.  713.  The 
efficiency  of  conversion  would  be  found  by  measuring  the  number  of  cubic  feet  of 
gas  made  per  ton  of  coal  gasified;  the  calorific  power  of  each  (gas  and  coal)  being 
known,  their  quotient  represents  the  efficiency.  The  heat  contained  in  the  gas 
due  to  its  sensible  heat,  found  after  the  manner  of  calculating  the  loss  in  chimney 
ipases  (i.e.,  volume  gas  X weight  X rise  of  temperature  X specific  heat)  is  to  be 
added  to  this  for  accurate  work. 

As  showing  producer  gas  practice,  the  following  typical  analyses  are  cited: 


Anthra- 
cite.* 

Bitu- 
minous.* 

BlueWater 
Gas.« 

Lignite.* 

Peat.* 

Tan.», « 

Wood.* 

CX) 

27.0 

12.0 

1.2 

"2.5 
57.0 
0.3 
137 

27.0 

12.0 

2.5 

0.4 

2.5 

55.3 

0.3 

157 

45.0 

45.0 

2.0 

"iio' 

2.0 
0.5 
322 

22.0 
9.6 
1.6 
0.7 
6.4 

58.9 
0.8 

30.6 

6.1 
5.1 

**5!7' 
52.5 

14.2 

8.7 
5.6 

*i5!6' 

56.0 
0.4 
132 

13.3 

H« 

21.0 

^LA3«  •    ••••••••••••• 

2.6 

COt 

rx>t 

0.3 
16.0 

K. 

46.7 

o, 

0.1 

b.t.u 

140 

»  Power,  40,  66. 

s  Made  by  the  Hamler-Eddy  Smoke  Recorder  Co.,  Chicago. 

»  With  38.7%  H,0,  3.2%  ash. 

«  From  **  Gas  Producers  and  Producer  Gas  Power  Plants,"  R.  D.  Wood  &  Co., 

1906. 

•  Richards,  J.  W.,  J.  Frank.  Inst.,  415,  1900,  quoted    from    V.  Ihering,    "Gas 

hfasdunen." 
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Gas  from  Different  Kinds  of  Producers 


CO.. 

CH4. 
C2H4. 
CO2.. 
N2... 
O,... 
B.t.u 


Down 
Draft.* 


17.5 

11.8 

1.1 

.04 
9.2 
60.1 
0.2 
110 


Up  Draft.' 


18.3 

12.9 

3.1 

0.2 

9.8 

55.6 

.04 


Suction.^ 


26.0 

18.5 

0.5 

"s.o 

47.0 
i45** 


Pressure, 
Taylor,  t,  * 


22-30 
15-7 
3-1.5 

"6^i!5 
54-60 

138* " 


Mond.i 


16.0 

24.0 

2.2 

*i2!4 
45.4 
0. 
146 


Blast 
Fumaoe.4 


24 
2 

•  •    •   4 

2 
12 
60 

•  »   •   ■ 

106 


SieiiirBS.< 


28 
2 


2 

3 

65 


122 


Determination  of  Dust.  Liddell*  recommends  the  following:  lump  sugar  is 
crushed,  and  that  which  is  retained  by  a  90-mesh  sieve  packed  in  a  2-in.  layer 
upon  copper  or  brass  gauze  contained  in  a  glass  tube.  The  sugar  is  slightly 
moistened  and  the  gas  sucked  through  it:  it  is  then  dissolved  in  water  axui  tk 
dust  collected  upon  a  tared  Gooch  crucible  and  weighed.  Another  procedure  and 
apparatus  recommended  by  the  Sargent  Steam  Meter  Co.,  of  Chicago,*  consists 
in  sucking  the  gas  through  a  diaphragm  consisting  of  a  weighed  filter  4}  ins.  in 
diameter,  drying  and  noting  the  increase  in  weight. 


III.  ILLUMINATING  QAS 


The  determinations  usually  made  are  as  follows: 


a.  Candle  ix)wer; 
h.  Calorific  power; 

c.  Sulphur; 

d.  Ammonia; 


e.  Analysis; 
/.   Carbon  dioxide; 
g.  Specific  gravity; 
A.  Tar. 


(a)  Candle  Power.  This  can  be  very  satisfactorily  found  using  a  60-in.  open- 
bar  photometer  and  Ijceson  contrast  disc.  The  gas  should  be  burned  from  a 
burner  conmiercially  obtainable  which  gives  the  highest  candle  power;  for  gas 
from  14  to  21  candle  power,  Sugg's  Ixjndon  argand  burner,  sizes  C  to  F,  should 
be  used;  for  richer  gases,  Sugg's  table  top  or  the  Bray  slit  burner.  For  a  standard 
of  comparison,  the  sperm  candle  is  convenient,  satisfactory,  and  very  extensively 
used:  the  1  Elliott  kerosene  and  Hefner  amyl  acetate  lamps  are  also  emploj'ed. 

For  accurate  w^ork  the  Lummer-Brodhun'  disc  and  electric  standards,  or  the 
Hefner  lamp  should  be  used.     For  the  determination  of  candle  power,  reference 

n^>om  "Gas  Producers  and  Producer  Gas  Power  Plants,"  R.  D.  Wood  4  Co., 
1906. 

*  With  anthracite  l)uokwheat. 

*  *'Resum6  of  Producer  Gas  Investigations,"  Bureau  of  Mines  Bulletin  13,  Ffemi» 
&  Smith. 

Mlichards,  J.  W.,  J.  Frank.  Inst.,  415,  1900,  quoted  from  V.  Ihering,  "G«» 
Mascliinen." 

^  Power,  38,  93. 
« Power,  27,  331. 
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may  be  had  to  Circular  No.  48  of  the  Bureau  of  Standards  on  "  Standard  Methods 
of  Gas  Testing,"  1914,  or  Stone,  "Practical  Testing  of  Gas  and  Gas  Meters," 
Wiley,  1909. 

Carburetted  water  gas  shows  from  20-28  candle  power,  coal  gas  14-20, 
oil  fW8  45-60,  oil-air  gas  30-35.  gasoloiie  12-17,  acetylene  170-200.  (Stone, 
Op.  cit.) 

(b)  Calorific  Power,     (a)   Dired    Determinalion.     This  is  most   commonly 


Fio.  124. 


Fiu.  125. 


determined  by  the  Junkers  calorimeter,  although  others  in  use  are  the  Sargent, 
Doherty,  and  in  I<Ingland  the  Boys  and  Simmancc-Abidy, 

The  original  form  is  shown  in  section  in  F^.  124  and  the  later  modlfieatiun  in 
Fig.  125.  As  seen  in  Fig.  124  it  consists  of  a  combustion-chamber,  28,  surrounded 
by  a  water-jacket,  15  and  IG,  this  being  tniversed  by  a  grrat  many  tubes.  To 
prevent  loss  by  radiation  this  watcr-jaoket  is  surrounded  by  a  closed  annular 
air-epace,  13,  in  which  the  air  cannot  circulate.  1'be  W'hole  u|)iNiratus  is  con- 
structed of  copper  as  thin  as  iw  comimtible  with  stn-jigth.  Tlie  wal*r  enters  the 
jacket  at  1,  passes  domi  thr()ugh  3,  6,  and  7,  and  leavi-s  it  at  21,  while  the  hot 
combustion  gases  enter  at  30  and  {mss  down,  leaving  at  31.    There  is  therefore 
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not  only  a  very  large  surface  of  thin  copper  between  the  gases  and  the  water, 
but  the  two  move  in  opposite  directions,  during  which  process  all  the  beat  generated 
by  the  flame  is  transferred  to  the  water,  and  the  waste  gases  leave  the  at^Miatut 
approximately  at  atmospheric  temperature.  The  gas  to  be  burned  is  first  paased 
through  a  meter,  Fig.  126,  and  then,  to  insure  constant  pressure,  through  a  j^esaure- 
regulator.  The  source  of  heat  in  relation  to  the  unit  of  heat  is  thus  leodend 
stationary;  and  in  order  1«  make  the  absorbing  quantity  of  heat  also  static»iaiy, 
two  overflows  are  provided  at  tlie  cdlnrimeter,  making  the  head  cf  water  and  ovtt- 


Fia  126. 

flow  constant.  The  temperatures  of  the  water  entering  and  leaving  the  apparnlui 
can  be  read  by  12  and  43;  as  shown  before,  the  quantities  of  heat  and  ■n'.e\ 
passed  through  the  apparatus  are  constant.  As  soon  as  the  flame  is  lifted, 
43  will  rise  to  a  certain  point  and  will  remain  nearly  constant. 

Manipulation.  The  calorimeter  is  placed  as  shown  in  Fig.  126,  so  that  om 
tiperiitJir  can  simultaneously  obsen'e  the  two  thermometers  of  the  entering  tod 
escaping  wtkter,  the  index  of  the  giis-meter,  and  the  measuring-basses. 

No  draft  of  air  mu.st  bo  permitted  to  strike  the  exhaust  of  the  spent  gas. 

The  water-MUiiply  tube  w  is  connected  with  the  nipple  a  in  the  center  of  th* 
upper  container;  the  other  nipple,  6,  is  provided  with  a  waste-tube  to  carry  any 
the  o\'erflow,  which  latter  must  be  kept  running  while  the  readings  are  takeo. 
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The  nipple  c,  through  which  the  heated  water  leaves  the  calorimeter,  is  con- 
nected by  a  rubber  tube  with  the  large  graduate,  d  empties  the  condensed  water 
iDto  the  small  graduate. 

The  thermometers  being  held  in  position  by  rubber  stoppers  and  the  water 
turned  on  by  e  until  it  discharges  at  c,  no  water  must  issue  from  d  or  from  39, 
Fig.  19,  as  this  would  indicate  a  leak  in  the  calorimeter. 

The  cock  e  is  now  set  to  allow  about  two  liters  of  water  to  pass  in  a  minute 
and  a  half,  and  the  gas  issuing  from  the  burner  ignited.  Sufficient  time,  about 
twenty  minutes,  is  allowed  until  the  temperature  of  the  inlet-water  becomes  con- 
stant and  the  outlet  approximately  so;  the  temperature  of  the  inlet-water  is 
noted,  the  reading  of  the  gas-meter  taken,  and  at  this  same  time  the  outlet-tube 
changed  from  the  funnel  to  the  graduate.  Ten  successive  readings  of  the  out- 
flowing water  are  taken  while  the  graduate  (2-liter)  is  being  filled  and  the  gas 
shut  off. 

A  better  procedure  is  to  allow  the  water  to  run  into  tared  8-liter  bottles,  three 
being  used  for  a  test,  and  weighing  the  water.  The  thermometer  in  the  outlet 
can  then  be  read  every  half-minute. 


Example. — ^Temp.  of  incoming  water,  17.2° 

Temp,  of  outgoing  water,  43.8** 

Increase,  26.6* 


Gas  burned,  0.35  cu.ft. 

__    ^    Liters  water X  Increase  of  temp.    2X26.6     -.^oi-i 

Heat« ^7-7- =    .....     =152.3  C 

Cu.ft.  gas  0.35 

From  burning  1  cu.ft.  of  gas  27.25  cc.  of  water  were  condensed.  This  gives 
off  on  an  average  0.6  C.  per  cc. 

27.25X0.6  =  16.3  C;  152.3-16.3=138  C.  por  cubic  foot;  136X3.968=540 
B.t.u. 

Notes.  After  setting  up  the  apparatus  the  first  thing  to  be  done  is  to  turn  on  the 
water — (not  the  gas).  ^  Similarly,  the  waier  should  lye  shut  off  last.  All  connections 
and  the  meter  should  be  tested  for  leaks  l>efore  each  test.  The  water  level  in  the  meter 
should  be  checked  daily.  Slight  drafts  caused  by  moving  suddenly  near  the  apparatus 
will  vary  outlet  readings  and  vitiate  the  test.  The  instrument  should  not  be  set  up 
near  a  window  or  heating  apparatus  where  radiant  heat  might  affect  the  readings. 

If  0.2  cu.ft.  of  gas  are  burned,  then  an  error  of  0.1  °  F.  in  temperature  of  water  means 
an  error  of  4  B.t.u.;  an  error  of  O.OI  Ih.  water,  0.9  B.t.u.;  1°  F.  in  gas  temperature,  1.8 
B.t.u.;  0.1  in.  (barometer),  2  B.t.u. j  1  in.  water  pressure  o(  gas,  1.5.  B.t.u.^ 

The  calorific  power  obtained  without  subtracting  the  heat  given  off  by  the  con- 
densation of  the  water  represents  the  total  heating  value  of  the  gas.  This  is  the  heat 
given  off  when  the  gas  is  used  for  heatingwater  or  in  any  operation  where  the  products 
of  combustion  pass  off  below  100**  C.  The  net  healing  valtie  represents  the  conditions 
in  which  by  far  the  greater  quantitv  of  gas  is  consumed,  for  cooking,  heating  and  gas 
engines,  and  is  one  which  should  be  reported.  It  should,  however,  be  correct^,* 
to  the  legal  cubic  foot,  that  is,  measured  at  30  ins.  barometric  pressure,  and  60**  F. 
saturated  with  moisture. 

The  apparatus  has  been  tested  for  three  months  in  the  German  Physical  Technical 
Institute  with  hyc^rogen,  with  but  a  deviation  of  0.3%  from  Thomson's  value.    This 

*  Kept.  Joint  Committee  on  Calorimetry  Public  Service  Commission  and  Gas  Cor- 
porations in  the  Second  Public  Service  District  of  New  York  State,  p.  81,  1910. 

'  A  difference  of  1°  C.  or  of  3  mm.  pressure  makes  a  change  of  0.3%  in  the  volume. 
Pfeiffe,  J.  Gasbeleucht.,  50,  67,  1907. 
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value  may  vary  nearly  that  amount  from  the  real  value  owing  to  the  method  wfaidi 
he  employed. 

The  chief  sources  of  error  are,^  ia  adjustiiiG;  the  meter,  in  measuring  the  teni- 
perature — rise  of  the  water,  and  in  changing  over  the  outflow  water  to  the  weighed 
vessels. 

(6)  By  Calculation^  Let  us  suppose  an  illuminating  gas  gave  the  foUowing 
analysis:  Illuminants  15,  carbon  monoxide  25.3,  methane  25.9,  hydrogen  27.9%; 
the  heating  value  of  these  gases  according  to  Table  3,  page  737  is  as  follows: 

0.15  X2000  =300.0  B.t.u. 
0.253X341    =  86.3 
0.259X1065=276.0 
0.279X345  =  96.3 


758.6  B.t.u. 

which  is  the  gross  heating  value  of  the  gas.  The  correction  for  fbe 
heat  lost  is  found  as  with  chimney  ga.ses,  by  multiplying  the  \-oluine 
of  the  combustion  gases  by  their  weight  X  specific  heat  X  rise  of  temp- 
erature. 

(c)  Sulphur.    Sulphur,  bcmg  present  in  gas  in  so  many  fonns. 
Is  determmed  by  combustion  and  usually  reported  in  grains  of  sul- 
phur per  hundred  cubic  feet. 
Jl  ^  One  of  the  most  easily  portable  and  satisfactory  forms  is  that  of 

/7  Iliiiman  and  Jenkins  described  as  follows:'  The  upper  vessel,  Fig. 

^^  127,  is  a  "  lx>ad  glass  "  300  mm.  long  and  60  mm.  in  diameter;  this 

is  filled  with  large  cut-glass  beads,  held  up  by  a  suitable  fluted  ^tfs, 
giving  a  large  condensing  surface  without  obstructing  the  draft.  To 
this  lx»ad  glass  is  attached,  by  a  rubber  connector,  the  adapter, 
410  mm.  long  and  50  mm.  lower  internal  diameter.  To  the  upper 
adapter  is  attached,  by  means  of  the  "  connecting  piece,"  the  loirer 
adapter,  400  mm.  long  and  40  mm.  lower  diameter.  The  connect- 
ing piece  pn)jects  12  mm.  above  the  top  of  a  rubber  stopper,  fitting 
the  upper  adapter,  and  is  surmounted  by  a  watch-glass  de6ector 
carried  on  plat  inum  wires.  An  overflow  tube  carries  the  condcnsaticm 
to  the  Erlennieyer  flask  hung  on  the  stopper  as  shown;  this  tube  is  so 
adjusted  that  some  licjuid  remains  on  the  stopper  to  keep  it  cool  and  to  absorb 
some  of  the  ascending  gases.  The  Bunsen  burner  is  fitted  with  a  lava  tip  h&yiog 
a  5-mm.  hole;  surrounduig  the  burner  is  a  glass  tube  20  mm.  in  diameter,  formins 
the  inner  wall  of  an  annular  ehaml)er,  of  which  the  outer  wall  is  a  i^ass  ring 
50  nnn.  hi  diani(^ter.  Into  this  cliamber,  which  serves  to  contain  10%  ammonium 
hydroxide,  the  lower  adapter  dips  10  mm. 

The  lower  adapter  is  johied  to  the  "  connecting  piece  "  by  a  short  cork-lined 
metal  tulx?.  Although  radically  different  in  form,  this  apparatus  is  very  simibr 
to  the  Referees'  hi  general  prmciple  and  in  method  of  use,  the  principal  difference 

^  Technolojcic^  Papers  of  the  Bureau  of  Standards  No.  36.  "  Gas  Calorimctry," 
Waidner  niul  Mnell(»r,  page  100,  1914. 

2  r.  S.  Cool.  Survey  rai)er  Xo.  48;   Part  III,  jmge  10a5. 

'Jenkins,  J.  Am.  t'liem.  Soc,  2S,  543,  1906,  also  Technologic  Paper  No.  20, 
Bureau  of  Staiulanls,  McBride  and  Weaver  **  Determination  of  Sulphur  m  lUuniiDit' 
ing  Gas,"  1913,  also  Stone,  op.  cit. 
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being  the  use  of  ammonium  hydroxide  instead  of  dry  ammonium  carbonate  as 
a  source  of  ammonia.  About  10  cc.  of  concentrated  ammonium  hydroxide  is 
placed  in  the  reservoir  about  the  burner  at  the  beginning  of  the  test  and  about 
5  cc.  more  added  every  fifteen  or  twenty  minutes.  The  gas  is  consumed  at  the 
rate  of  0.4  to  0.6  cu.ft.  per  hour,  and  2.5  to  3  ft.  burned,  if  the  sulphur  is  to  be 
estimated  gravimetrically,  otherwise  1  cu.ft.  is  enough.  When  the  run  is  com- 
pleted the  apparatus  is  allowed  to  cool  and  is  then  flushed  four  times  by  pouring 
50  cc.  portions  of  water  in  at  the  top  of  the  bead  tube.  To  the  solutions  and  wash- 
ings are  added  2-3  cc.  bromine  water,  and  it  is  evaporated  to  30  or  40  cc. ;  an  excess 
of  a  hydrochloric  acid  solution  of  barium  chromate  is  added  to  the  hot  solution, 
it  is  gently  boiled,  an  excess  of  dilute  ammonia  added,  again  boiled  for  a  minute, 
filtered  and  washed.  The  ammonium  chromate  in  the  filtrate  (the  chromic 
acid  being  equivalent  to  the  sulphuric  acid  in  the  original  solution)  after  -being 
boiled  in  a  stout  flask,  with  a  Bunsen  valve,  to  expel  the  air,  is  cooled  and  titrated 
directly  with  stannous  chloride  (3.25  grams  Sn  per  liter)  using  starch  and  potassium 
iodide  to  accentuate  the  end  point. 
The  equations  are : 

(NH4)2S04+BaCr04=BaS04+(NH4)2Cr04, 
2(NH4)2Cr04+2HCl  =  (NH4)2Cr207+2NH4Cl-fH20, 
3SnCl2+(NH4)2  Cr207+14HC1  =3SnCl4+2NH4Cl-f2CrCl,-f7H20. 

The  strength  of  the  stannous  chloride  should  be  determined  at  the  same  time 
by  standard  bichromate  of  potassium. 

Or  the  sulphuric  acid  can  be  determined  with  the  turbidimeter  as  for  sulphur 
in  oils,  page  570.  The  amount  of  sulphur  is  usually  from  20  to  30  grains  per 
100  cu.ft. 

Sulphuretted  Hydrogen.^  The  test  is  made  by  hanging  a  strip  of  paper 
moistened  with  lead  acetate  solution  (1  :  20)  in  a  bell-jar  or  tube  through  which 
the  gas  is  passing  at  about  5  cu.ft.  per  hour  and  allowing  it  to  act  for  one  minute. 
Usually  several  tests  are  made.  The  gas  should  be  taken  fresh  from  the  main 
^nd  care  should  be  taken  not  to  confound  any  black  tarry  spots  with  lead  sulphide. 
Ji  prop)erly  purified  gas  should  give  no  test. 

It  is  quantitatively  determined  by  drawing  a  known  volume  of  the  gas  through 
standard  iodine  solution.  Tutweiler^  measures  the  gas  in  a  modified  Bunte 
burette  over  mercury,  and  having  added  starch  solution,  runs  in  a  known  quantity 
cyf  standard  iodine  solution  until  it  is  in  slight  excess.  If  100  cc.  of  gas  were  taken, 
t;he  number  of  cubic  centimeters  of  solution  gives  the  grains  of  H2S  per  100  cuit., 
X  cc.  iodine  =0.0017076  gram  iodine  =  100  grains  H2S  per  100  cu.ft. 

(d)  Ammonia.  This  is  determined  by  absorption  in  standard  acid  colored 
'^rith  cochineal:  10  cc.  of  HCl  are  placed  in  the  bulb.  Fig.  117,  2-3  drops  cochineal 
i^olution  added,  and  the  gas  allowed  to  bubble  through  it  until  the  yellow  color 
changes  to  a  deep  purple;  the  meter  is  now  read.  The  acid  is  made  by  diluting 
38.2  cc.  N/10  HCl  to  1  liter,  10  cc.  =0.01  grain  of  NH3;  the  cochineal  solution  is 
^nacie  by  treating  3  grams  of  the  ground  insect  with  250  cc.  20%  alcohol,  allowing 
%o  stand  forty-eight  hours  and  filtering.    The  bubble  tube  is  inserted  in  series 

1  Tech.  Paper  No.  41,  Bureau  of  Standards,  "  Lead  Acetate  Test  for  Hydrogen 
Sulphide  in  Gas." 

»  J.  Am.  Chem.  Soc,  28,  173,  1901. 
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with  the  gas  supply  to  the  sulphur  apparatus,  Fig.  127,  (c)  so  that  both  detenni- 
nations  are  run  at  one  time;  the  gas  is  passed  through  at  the  rate  of  0.6  to  OJ* 
cu.ft.  per  hour.  MBSBa::husetts  law  limits  the  amount  of  ammonia  to  10  gniw 
per  100  cu.ft. 

(e)  Analysis.  The  volumetric  analysis  is  carried  out  according  to  pages  704; 
either  bromine  water  or  fuming  sulphuric  acid  can  be  used  to  abeorb  the  "  illuini- 
nants."  Besides  ethylene,  it  may  be  desirable  to  determine  bensol:  this  is  bet 
done  according  to  Dennis,  O'Neill  and  McCarthy  '  by  absorption  in  an  ammoniscal 
solution  of  nickel  cj-anidc. 

Naphthalene.  This  is  determined  in  purified  gas  by  passing  it  thiough  X/20 
picric  acid  solutitui.  White »  determines  it  in  raw  gas  by  preciiHtati(»i  of  tie 
picrate  and  subsequent  recovery  of  the  naphthalene. 

COUPOBITION   OF  COHUERCTAL   GaSES  > 
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(f)  Carbon  dioxide.  This  is  best  determined  by  RudorfF's  method*  whith 
consists  in  titrating  about  a  liter  of  the  gas  with  Btandard  potassium  hj'diuude. 
The  arransemcnt  and  manipulation  of  this  apparatus  will  be  evident  from  Fig.  128: 
the  capacity  of  the  Woulff  bottle  must  be  knowTi  and  if  the  gas  contains  hydrogfo 
sulphide,  it  must  lie  alisorbed  by  passage  over  manganese  dioxide. 

(g)  Specific  Gravity.     The  readiest  method  depends  upon  the  time  of  e^ui 

of  the  gas  compared  with  air;  sp.gr.  -—  <7  and  A  represent  the  times  of  efflui 

in  seconds  of  gas  and  air.     The  apparatus  ts  obtainable  from  the  dealers,  or  mif 
be  construct<?d  according  to  Jenkins*  as  follows: 

"  It  consists,  Fig.  129,  of  two  large  rubber  stopperB,  each  having  a  brass  tube, 
[wojecting  laterally  near  the  large  end,  and  connecting  with  the  hole  in  the  sloppff- 
A  gkss  piece  A  in  the  form  of  a  truncated  cone  fits  tightly  over  one  stopper;  it  >< 
9  ins.  long,  1 J  in,«.  diameter  at  the  base  and  1  in.  at  the  top,  A  similarly  (laW 
piece  B  9  ins.  l[>ng  by  1 }  ins.  diameter  at  the  lower  end  fits  over  the  second  stoppn'' 
2  ins.  above  the  luttor  tlic  tube  has  a  constriction  1  in.  in  diameter,  and  it  iu 

'  J.  Am.  Chem.  8oc.,  SO,  236.  1908. 

>  Proc.  Mich.  Gas  Assoclulion,  83,  1904  1905. 

■  Fulweiler,  Koiccrs'  and  Aul>ert'a,  "  Industrial  Chemistry,"  2d  Ed.,  4M. 

•  Orton,  Ueol.  of  (thio,  VI,  137. 

'  Hem|«l,  op.  cit.,  262. 

'Stone,  op.  cit.,  201, 
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upper  p&rt  is  narrowed  to  a  neck  ^  in.  in  diameter  which  is  ground  on  the  inside 
to  receive  the  end  of  a  tube  7i  ins.  long  and  1  in.  in  diameter,  in  the  upper  end  of 
which  is  fitted  a  platinum  plat«  containing  the  emission  orifice.  One  and  three- 
fourths  inches  below  this  plate  is  a  three-way  glass  etopcock,  and  3  ins,  below  the 
latter  a  scratch  surrounds  the  tube  and  serves  as  the  upper  mark  in  the  escape 
of  the  gas. 

"  Fitted  into  the  hole  in  the  stopper  is  a  hollow  cylinder  of  brass  to  which  is 
soldered  a  curved  piece  of  brass  wire  pointed  at  the  end,  which  rises  1)  ins.  above 
the  surface  of  the  stopper.  The  two  brass  tubes  projecting  from  the  outside  of 
the  stoppers  are  joined  by  a  piece  of  rubber  tubing  15  to  18  ins.  long, 

"  In  using  this  instrument  the  larger  tube  B  is  filled  with  water,  of  the  tem- 
perature of  the  room,  nearly  to  the  top,  the  stopcock  being  turned  so  that  egress 


Fio.  128. 


Flo.  129. 


of  air  from  the  smaller  tube  is  prevented.  The  lai^r  tube  i«  placed  on  an  elevated 
surface  just  high  enough  so  tliat  its  bottom  is  above  the  level  of  the  scratch  on 
the  narrow  outlet  tube,  the  cock  is  turned  so  that  the  air  may  escape  through  the 
orifice  in  the  platinum  plate,  and  on  the  second,  when  the  point  of  the  brass  wire 
breaks  the  surface  of  the  rising  water,  a  stop  watch  is  started.  The  latt«r  is  stopped 
when  the  water  exactly  reaches  the  scratch. 

"The  large  tube  is  lowered,  and  the  stopcock  turned  so  that  air  may  enter 
through  its  hollow  point.  When  the  water  is  again  all  in  the  large  cylinder,  the 
cock  ia  turned  to  connect  the  small  vessel  with  the  outside  air  through  tlie  platinum 
tip,  the  large  cylinder  is  replaced  on  the  elevation  and  the  operation  repeated. 
Results  should  be  obtained  which  check  within  one-fifth  second. 
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**  Now  connect  a  rubber  tube  to  the  gas  supply  and  to  the  tip  of  the  stopcock 
lower  the  large  cylinder  and  force  the  water  into  the  latter  by  means  c^  the  gas 
pressure.  Thoroughly  saturate  the  water  with  the  gas  to  be  tested;  this  may  be 
done  by  shaking  gas  and  water  together  and  by  forcing  the  water  up  and  down 
in  the  small  vessel  in  contact  with  the  gas.  Repeat  the  operation  with  gas  in 
in  the  same  manner  as  described  for  air.  The  calculation  is  made  in  accordaaoe 
with  the  formula. 

**  The  advantages  of  this  apparatus  are  its  portability,  its  cheapness,  its  rapidity 
and  accuracy.  When  set  up,  the  cylinders  are  inclined  to  be  a  trifle  unstable; 
this  may  be  overcome  by  fastening  a  lead  plate  to  the  base  of  each  stopper. 
Four  precautions  in  connection  with  its  use  should  be  emphasized:  (1)  The  water 
must  be  of  the  room  temperature;  (2)  the  water  must  be  thoroughly  saturated 
with  the  gas;  (3)  the  platinum  tip,  stopcock,  and  upper  part  of  the  tube  must  be 
kept  dry  and  clean ;  (4)  the  large  cylinder  must  always,  in  any  one  determination, 
be  placed  at  the  same  height." 

Another  method  consists  in  the  use  of  the  Lux  gas  balance.  This  consists  of 
a  balanced  globe  into  which  the  gas  previously  filtered  through  cotton,  passes  and 
its  specific  gravity  is  read  off  directly  on  a  scale. 

The  knowledge  of  the  specific  gravity  is  important,  as  it  is  involved  in  the 
formula  for  the  calculation  of  the  flow  of  gas  in  pipes;  it  also  enables  the  gas 
manager  to  ascertain  the  weight  of  gas  produced  from  the  coal,  and  to  get  an  idea 
of  the  nature  and  amount  of  impurities  in  the  gas,  all  these  being  heavier. 

(h)  Tar.  For  the  estimation  of  tar,  Clemens  Winkler  ^  recommends  the  pn>- 
cedure  of  Tieftrunk :  This  consists  in  passing  the  gas  through  ^5%  alcohol  and 
collecting  and  weighing  the  tar  on  a  tared  filter. 

IV.  SULPHURIC  ACID  OASES 

or  more  accurately  the  gases  involved  in  the  manufacture  of  sulphuric  acid: 

a.  Burner  f^ases; 
6.  Nitrogen  gases; 

c.  Oxygen; 

d.  Gases  involved  in  the  contact  process. 

(a)  Burner  Gases.    Sulphur  Dioxide 

This  gas  may  be  determined  by  the  method  of  Reich.  It  consists  in  aspirating 
the  gas  through  standard  iodine  solution  (N/10  is  suitable)  until  it  is  decolorized. 
The  amount  of  iodine  used  in  the  test  and  the  volume  of  the  aspirated  gas  being 
known,  the  percentage  of  SOi  can  readily  be  calculated. 

Fig.  130  shows  a  form  of  apparatus  for  making  this  determination.  The 
standard  iodine,  5  to  25  cc.  N/10  I,  diluted  to  150  to  200  cc,  is  placed  in  the  two- 
necked  Woulff  bottle  and  starch  indicator  added.*  The  gas  to  be  tested  is  aspirated 
through  the  iodine  until  the  color  of  the  starch  blue  fades  completely.  Water 
which  flows  out  from  the  separatory  funnel  B,  connected  with  the  Woulff  bottle, 
produces  the  suction,  and  the  amount  measiures  the  volume  of  the  aspirated  gas. 

* "  Die  Industrie  Gase,"  page  52,  also  Hempel,  op.  cit.,  239. 
^  Starch  indicator  may  be  omitted  if  the  light  is  good  for  observing  the  fading  out 
of  the  iodine  color. 
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From  the  quantity  of  iodine  used  and  the  volume  of  the  gas  required  to  decolorize 

the  solution  the  per  cent  of  sulphur  dioxide  is 

calculated. 

In  place  of  the  Woulff  bottle  an  ordinary 
500-cc.  wash  bottle  with  &  two-hole  rubber 
stopper  will  do.  The  flask  ia  shaken  during  the 
aspiration  of  the  gas. 

In  making  t«ste  of  gas  rich  in  SOi,  25  cc.  of 
tenth  normal  iodine  should  be  taken,  and  smaller 
amounts  for  gases  poor  in  the  oxide. 

The  Reich  method  is  more  applicable  for 
determining  small  amounts  of  SOi.  A  12-15- 
liter  graduated  aspirating  bottle  is  used  in 
works  tests  of  exit  gases  for  measuring  the 
gas.  Since  these  volumes  are  under  stand- 
ard conditions  (760  mm.  and  0°  C),  it 
will  be  necessary  to  convert  the  volumes  ob- 
tained in  the  tests  to  these  conditions,  using  the 

(omuU   V.V  ,8„(,^.^^3"e7„   '•■■•re  V-    , 
measured  volume,  P°  =  observed  barometric  pres- 
sure, i  =temperalure  of  the  gas,  and  lo -aque- 
ous vapor  pressure  at  temperature  of  the  test. 


Table  for  Reich 

8  Tests  tor  Pebcbntaob  SOi. 
Iodine  Soltttion 

UaiNO  Tenth 

NORUAL 

Volume  Prt  tent  SOi 

25  M,  N/10  Iodine. 

10  cc.N/lO  Iodine. 

Bcc.N/ 10  Iodine. 

12 
11.5 

11 

10.5 
10 

9.5 

9 

8.5 

8 

7.5 

7 

6.5 

« 

5.5 

5 

4.5 

4 

3.5 

3 

2.5 

2 

1.5 

1.4 

1.3 

1.25 

205cc.gi 
215  "     ' 
226  ■'    ' 
238  ■'    ' 
252  "    ' 
265  •'    ' 
283  "    ' 
.       300  "    • 
321  "    ' 
344  "    ' 
371  "    ' 
402  "    ' 
438  "    ' 

148' cc.'^ 
161  ■•    ' 
175  "    ' 
192  '■    ' 
21 >  ' '    ' 
237  '■    ' 
268  "     ' 
308  "     ' 
361  '■    ' 
436  "    ' 

15 
18 

21 
27 
36 
39 
42 
44 

4cc.'^ 

3  "     " 

4  ..     .. 

7  "     " 

3  "    " 

4  ■'     " 

2  "     '• 
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Su^hur  Dioxide  in  Exit  Gases.^  Sulphur  dioxide  is  eddom  above  1%  io 
exit  gases  leaving  the  absorption  tower  oi  the  sulphuric  acid  plant.  Genmlly 
the  loss  is  below  0.2%  on  a  car^ully  regulated  unit.  The  Reich  method  is  sui- 
ciently  accurate  for  this  determination,  for  all  practical  purposes.  K  10  ec.  of 
N/10  iodine  are  used  the  percent  SOs  may  be  calculated  by  the  formula: 


11.17 


F,+11.17 


=%S0,. 


Fo^^  volume  of  the  gas  reduced  to  standard  condition  0^  C  and  760  nmi. 
11.17  =  oc.  of  SOi  gas  equivalent  to  10  cc.  of  N/10  iodine. 

The  following  table  is  calculated  on  the  assumption  that  the  gas  is  under  s 
pressure  of  760  mm.-j- vapor  pressure  of  17  mm.,  at  room  temperature  of  20**  C. 


Measured  VoL 

1000  cc 

Perc^tSOi 
1.22 

1100  cc 

1.09 

1200  cc 

1.01 

1300  cc 

93 

1400  cc 

87 

1500  cc 

81 

1600  cc 

76 

1700  cc 

72 

1800  cc 

67 

1900  cc 

64 

2000  cc 

61 

2100  cc 

58 

2200  cc 

55 

2300  cc 

53 

2400  cc 

51 

2500  cc 

49 

2600  cc 

47 

2700  cc 

45 

2800  cc 

44 

2900  cc 

42 

3000  cc 

41 

Measured  Yd.  Per  cent  SOk 

3200CC 38 

3400  cc 36 

3600CC 34 

3800CC 32 

4000CC 31 

4200CC 29 

4400CC 28 

4600CC 27 

4800CC 26 

5000CC 25 

5500CC 22 

6000CC 20 

6500CC 18 

7000CC 17 

7500CC 16 

8000  cc 15 

8500  cc H 

9000  cc H 

9500  cc 13 

10000  cc .12 


Sulphur  Dioxide  in  the  Inlet  Oases  of  the  Sulphuric  Acid 

Contact  System  ^ 

Apparatus.  Burette.  This  should  be  of  the  bulb  type  with  a  graduated 
capacity  of  100  cc,  the  bulb  holds  about  87  cc;  the  stem  is  graduated  in  tenths 
of  a  cubic  centimeter  from  0  to  12  cc  The  diameter  of  this  graduated  portioB 
is  such  tliat  each  cubic  centimeter  occupies  approximately  18  imn.  in  length.  Tht 
total  length  of  the  burette  is  45  to  50  cc. 

There  is  a  constriction  at  the  lower  end  of  the  burette,  or  the  rubber  tab* 
connecting  the  burette  with  the  leveling  tube  may  be  pinched  down  so  that  it 
requires  10  to  15  seconds  to  pass  100  cc  of  mercury  in  or  out  of  the  burette 

The  burette  has  a  water  jacket  of  sufficient  capacity  to  include  the  chamber^ 
the  burette  and  its  graduated  portion.  The  diameter  should  be  sufficient  to 
accommodate  the  bulbed  portion  of  the  burette  and  a  thermometer  suspended  bf 
its  side.    Distilled  water  boiled  free  of  air  is  used  in  this  water  jacket. 

^  Conmiunicated  by  W.  W.  Soott 


GAS  ANALYSIS 


723 


thermometer  registering  from  5  to  35"  graduated  in  tenths  of  a  degree  is 

uspended  in  the  water  jacket  next  to  the  bulb. 

eceling  Tube.      This  is  preferably  a  etraight  glass  cylinder  constricted  at 

■  end  to  accommodate  the  hcavj'-walled  rubber  tubing,  connecting  the  tube 

the  burette.    This  tube  is  about  52  cm.  long  and  haa  a  diameter  of  18  to 

m.   The  lower  portbn  of  the  tube,  where  this  is  held  by  the  hand,  has  a  cover- 

ither  of  rubber,  or  of  a  heat-insulating  material,  to  prevent  warming  of  the 

ury  while  making  the  test. 

apillary  Tube.    The  tube  connecting  the  burette  with  the  pipett«s  and  the 


■<«^^^, , 


Fm.  131 


ling  pipe  should  have  a  fine  capillary— the  entire  internal  capacity  should 

xceed  1  cc.     Details  of  construction  shown  in  the  figure.  ^ 

ipette.     The  cylinder  of  the  pipette  has  a  capacity  of  150  to  175  cc.    The 

te  reservoir  of  500  to  550  cc.  capacity  ia  recommended. . 

eagentt.      Mercury.      Mercury  is  used  in  the    measuring   burette.      This 

d  be  kept  bright  and  clean  and  "  drag  no  tail."   To  keep  the  gas  saturated 

moisture  the  burette  should  contain  about  0,2  cc.  of  distilled  water  over  the 

ury. 

'aler  Solution  cf  Chromic  Acid.     A  50%  solution  is  recommended,  althougli 

aker  solution  may  be  used.    The  strength  of  the  reagent,  however,  should 

-er  25%  CrO.. 

impliiig.    The  iron  pipes  carrying  the  gas  to  and  from  the  testing  appara 

lave  a  diameter  of  J  in.  to  i  in.    The  line  is  run  from  the  positive  pressure 

'  Orsat  apparatus  modified  by  T  L.  Bnggs  and  W.  W.  3k>U 
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flue  near  the  blower  to  the  testing  apparatus  and  back  to  the  niinus  pressure  flue 
entering  the  blower,  and  the  gas  allowed  to  flow  continuously  through  this  shunt 
line. 

Making  the  Test  A  volume  of  100  cc.  of  the  gas  is  drawn  into  the  chamber 
burette  (Fig.  131),  by  opening  the  stopcock  A  {B  being  closed)  and  lowering  the 
leveling-tube — Stopcock  A  is  closed,  B  opened  and  the  gas  expelled  into  the  air  by 
raising  the  leveling  tube  //,  using  care  to  prevent  mercury  bumping;  at  the  top 
of  the  reservoir.  (Mercury  carried  into  the  chromic  acid  will  reduce  this  reagent.) 
A  second  100  cc.  of  the  gas  is  taken  and  expelled  as  before.  Finally  a  third 
100  cc,  carefully  measured,  is  taken  for  the  test.  The  top  of  the  mercurr 
columns  in  the  burette  and  leveling  tubes  should  be  exactly  level.  The  water 
surface  should  be  at  the  0  mark  on  the  burette.  Stopcock  B  is  alwa^'s  closEd 
during  the  drawing  in  of  the  gas.  The  temperature  of  the  water  jacket  is  now 
observed.  Stopcock  A  is  closed  and  stopcock  C  leading  to  the  absorpition  pipette 
opened.  The  leveling  tube  is  raised  as  before  and  the  gas  completely  passed 
into  the  pipette.  The  gas  is  drawn  back  into  the  measuring  burette  by  lower- 
ing the  leveling  tube  and  mea.sured.  The  mercury  columns  should  stand  at  the 
same  level,  the  reading  being  taken  at  the  surface  of  the  water  over  the  mercury. 
A  second  pass  into  the  pipette  is  now  made  and,  if  no  further  contraction  of  the 
gas  occurs,  the  reading  taken.  The  temperature  is  observed  and  a  correction 
made  of  0.36  cc.  per  degree  (centigrade)  rise  or  fall  of  temperature.  This  correc- 
tion is  added  if  the  temperature  rises,  or  is  subtracted  if  the  temperature  falls. 

The  contraction  of  the  gas,  due  to  absorption  of  SOj,  in  terms  of  cc.  gives 
the  direct  per  cent  reading. 

Example: 

100  cc.  gas  taken. 

Final  reading  91.5,  i.e.,  direct  =8.5  cc. 
Temperature  change  =0.4®  rise. 
Then  8.5-f  (.4X.36)  =8.6%  SO2. 

Tests  should  be  made  in  duplicate,  each  Orsat  having  two  pipettes.  Very 
little  more  time  is  required  to  run  the  check  test  if  the  following  method  is  observed. 
The  first  sample  is  taken  and  passed  into  one  of  the  pipettes;  a  second  samj^, 
immediately  taken,  is  passed  into  the  second  pipette.  The  first  sample  is  now 
again  measured  and  then  returned  to  the  first  pipette  and  then  the  check  sample 
measured  and  returned  to  its  pipette.  The  first  sample  is  again  measured  and  if 
a  further  contraction  is  observed  it  is  again  passed  into  its  pipette  and  the  process 
repeated  with  the  second  sample.  By  thus  alternating  the  tests  and  allowing  the 
gas  to  stand  in  the  pipettes  the  second  pass  will  cause  complete  absorption  of  SOi, 
third  pass  seldom  being  neces.sary. 

Notes  and  Precautions.  Burette.  The  constriction  preventing  a  rapid  flow 
of  mercury  accomplishes  the  following: 

1.  It  prevents  the  wave  motion  of  mercury,  which  results  from  a  rapid  flow. 
This  wave  motion  makes  it  exceedingly  difficult  to  draw  in  100  cc.  of  gas  aecuratdy, 
and  makes  it  necessary  to  hold  the  tube  several  seconds  until  the  motion  has  ceased 
before  taking  a  reading. 

2.  The  constriction  prevents  mercury  bumping  into  the  capillary  and  from 
being  thus  carried  into  the  absorption  reagent. 
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3.  It  minimizes  the  danger  of  drawing  the  absorption  reagent  into  the  chamber 
burette. 

Water  in  the  Burette.  The  burette  should,  as  stated,  always  contain  about 
0.2  cc.  of  water,  over  the  mercury  to  saturate  the  gas  with  moisture.  Results  1  to 
4%  low  will  be  obtained  if  the  burette  is  allowed  to  become  dry,  the  amount  of 
error  depending  upon  the  temperature  of  the  gas.  One  hundred  cc.  of  dry  gas 
expand  upon  absorbing  moisture  to  101.2  cc.  at  10®;  101.7  cc.  at  15®;  102.3  cc. 
at20®;  103.1  cc.at25®and  104.1  cc.  at 30°. 

Leveling  Tube,  The  covering  recommended  prevents  warming  of  the  mer- 
cury with  the  hand.  When  the  apparatus  is  kept  stationary,  practically  no 
change  of  temperature  takes  place  during  the  test  if  the  mercury  is  thus  pro- 
tected, so  that  a  temperature  correction  will  not  be  required.  If  the  apparatus 
18  moved  from  a  warm  to  cold  zone  or  vice  versa,  temperature  corrections  will 
become  necessary. 

Pipette.  The  form  of  pipette  shown  in  the  illustration  is  simple  and  com- 
pact. The  bottle  affords  both  protection  and  acts  as  a  water  jacket.  The  pipette 
is  filled  with  thin-walled  tubes  havmg  a  small  bore.  The  pipette  should  be  tightly 
packed  as  loose  packing  and  large-bored  tubes  both  lessen  the  eflBciency  of  the 
pipette,  cutting  down  the  surface  for  absorption. 

Rubber  Tube  Connection.  Since  sulphuric  anhydride  acts  on  rubber,  in 
{n«sence  of  this  gas,  rubber  tubing  for  connecting  the  testing  apparatus  to  the 
sampling  pipe  should  not  be  used,  except  in  flush  connections  with  the  pipe  in 
contact  with  the  inlet  tube  of  the  apparatus.  In  absence  of  sulphuric  anhydride 
the  use  of  rubber  tubing  is  not  objectionable. 

Cleaning  the  Burette  upon  Accidental  Drawing  in  of  Chromic  Acid.  Should 
the  reagent  be  accidentally  sucked  into  the  capillary  or  into  the  burette,  it  may 
be  easily  washed  out  with  distilled  water  by  drawing  this  through  stopcock  B 
and  flushing  out  several  times  by  lowering  and  raising  the  leveling  tube.  The 
excess  water  may  be  removed  from  the  capillary  by  opening  stopcock  C  and 
allowing  to  flow  out.  If  mercuric  oxide  is  formed  in  the  burette  it  may  be  dis- 
solved by  flushing  with  sodium  hydroxide  solution. 

Chromic  Add  Reagent.  Theoretically,  a  charge  of  50%  aqueous  chromic 
acid  solution  (100  g.  CrOa+lOO  g.  HjO)  amounting  to  300  cc,  is  sufficient  to  absorb 
the  SOi  of  over  12,000  determinations.  In  practice,  however,  the  reagent  should 
be  renewed  long  before  the  chromic  acid  has  been  used  up  by  the  sulphurous 
acid. 

Number  of  Passes.  Although  two  passes  are  generally  sufficient  to  completely 
absorb  the  SOj,  it  is  necessary  to  make  a  third  pass  and  observe  whether  any 
further  contraction  takes  place.  If  the  reagent  is  effective  and  there  are  no 
leaks  in  the  apparatus  the  third  pass  will  show  no  change. 

Lubrication  of  Stopcocks.  A  mixture  of  beeswax  and  vaseline  or  wool 
grease  (1:2)  has  been  found  excellent  for  this  purpose.  Not  only  does  it  lubricate 
the  stopcock,  but  it  prevents  leaks.  Eighty  parts  rubber  melted  with  20  parts 
beeswax  is  also  good  and  is  acid  resisting. 

Rubber  Tube  Connections.  Coating  the  glass  tube  with  a  viscous  solution 
f  sealing  wax,  dissolved  in  alcohol,  or  etching  it  with  hydrofluoric  acid,  on  the 
ortion  covered  by  the  rubber  will  make  a  tight  joint  so  that  wiring  the  joint  will 
jot  be  necessary. 

Parallel  Leveling  Lines  are  placed  behind  the  burette  to  enable  more  accurate 
^eveling  of  the  mercury  columns. 
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(b)   Nitrogen  Oxides 

Nitrogen  tetrozide,  Ns04,  and  nitrons  acid,  NsOs,  can  best  be  detennined  by 
absorption  in  standard  permanganate  (acidulated  with  sulphuric  acid)  accordioK 
to  p.  694. 

Nitric  oxide  can  be  determined  by  passing  the  gases  through  soda  lye,  then  bf 
adding  air  to  the  collected  volume,  converting  it  to  nitrogen  tetroxide  and  det»- 
mining  it  as  above  indicated. 

Nitrous  oxide  is  determined  in  the  acid-free  gases  by  explosion  with  hydrogen. 

(c)  Oxygen  is  usually  determined  by  acid  or  ammoniacal  cupix>us  chloride— 
phosphorus  is  also  employed.  The  percentage  of  oxygen  should  not  exceed  six; 
a  larger  amount  means  that  heat  is  being  lost  from  the  chambers  by  the  exhaust 
gases.  Knowing  their  temperature,  the  loss  of  heat  can  be  calculated  as  with 
chimney  gases. 

V.  MINE  QASESi 

The  gases  to  be  sought  are  those  found  in  illuminating  gas  and  for  most  pat- 
poses  the  procedure  on  p.  704  can  be  followed.  For  small  quantities  of  methane 
the  apparatus  of  Haldane,  modified  and  described  by  Burrell  and  Seibert  *  should 
be  used.  This  is  practically  an  Orsat,  using  mercury  as  the  confining  liquid 
and  with  a  compensating  tube  and  grisoumeter  for  burning  the  methane. 

For  determination  of  methane  alone,  the  apparatus  of  Shaw  *  may  be  recom- 
mended. This  determines  first  the  per  cent  of  illuminating  gas  necessary  to  make 
an  explosion  of  definite  strength  with  ordinary  air;  when  this  has  been  dome, 
mine  air  is  used  in  place  of  the  ordinary  air  and  a  smaller  percentage  of  illuminat- 
ing is  required — smaller  by  the  amount  of  combustible  gas  in  the  mine  air.  The 
strength  of  the  explosion  is  measured  by  noting  by  the  ear  the  force  with  which 
the  plunger  is  driven  out  from  the  explosion  cylinder  against  a  bell. 

In  case  this  apparatus  be  not  at  hand,  Brunck's  *  method  can  be  emjJov'ed. 
This  consists  in  burning  the  methane  in  a  2-liter  Erlenmeyer  flask  by  means  of 
an  electrically  heated  platinum  spiral.  The  flask  carrying  the  spiral  in  the 
stopper  is  sunk  inverted  in  a  vessel  of  water  and  the  current  allowed  to  pass  for 
half  an  hour,  which  is  sufficient  to  bum  the  methane.  It  is  then  cooled  and 
25  cc.  BaOjHj  (1  cc.  =  1  cc.  COj)  added,  time  allowed  for  absorption  of  the  carbon 
dioxide  and  the  excess  of  Ba02H3  determined,  p.  728,  and  the  quantity  of  methane 
calculated. 

Clowes  and  Redwood  *  have  worked  out  a  method  for  the  detection  of  inflam- 
mable gas  in  air,  employing  the  "  flame  cap."  When  an  inflammable  atmosphere 
is  brought  in  contact  with  a  candle  or  better  a  hydrogen  flame,  the  gas  bums, 
forming  a  "  cap/'  like  the  colorless  flame  above  the  blue  cone  in  a  Bunsen  burner: 
the  length  of  the  flame  is  a  measure  of  the  percentage  of  gas,  and  as  little  as  0.1% 
is  visible  using  the  hydrogen  flame. 

Carbon  Monoxide.  Besides  combustible  gases  or  **  fire  damp,"  it  is  some- 
times necessary  to  get  an  idea  of  the  amount  of  carbon  monoxide  ("  white  damp  ") 

*  See  Technical  Pa{)cr  14,  Bureau  of  Mines,  "  Apparatus  for  Gas  Analysis  Labori- 
torics  at  Coal  Mines." 

«  Bull.  42,  U.  S.  Bureau  of  Mines,  17,  42,  1913,  also  Technical  Paper  39,  13. 

*  Berichte  27  692. 

<0.  Brunck,  ***  Die  Chem.  Unters.  d.  Grubenwetter,"  1908. 

*  **  Detection  and  Estimation  of  Inflammable  Gas  and  Vapor  in  the  Air,"  1896, 
also  Clowes,  J.  Soc.  Arts,  41,  307. 
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in  the  mine  air  after  an  explosion  or  in  the  "  after  damp  **;  chemical  methods, 
p.  704,  being  too  slow,  use  is  made  of  the  behavior  of  birds  and  mice  when  exposed 
to  such  an  atmosphere.  To  this  end  they  are  carried  in  cages  by  the  rescuing 
party  and  their  behavior  noticed.  Canaries  show  distress  in  an  atmosphere 
containing  0.15%  of  CO  in  five  to  twelve  minutes,  or  with  0.20%  in  half  this  time: 
Mice  are  less  sensitive,^  and  men  may  display  distress  when  carbon  monoxide  is  as 
little  as  0.1%,  whereas  animals  may  be  unaffected.  In  case  either  is  overcome  by 
the  gas,  resuscitation  can  be  effected  by  bringing  them  out  into  the  open  air  again. 
Repeated  exposure  of  the  gas  would  seem  to  be  without  influence. 


VI.  ELECTROLYTIC  OASES 

Gases  from  electrolytic  chlorine,  hydrogen  and  oxygen  generators.  The  follow- 
ing are  to  be  sought  for: 

(a)  Chlorine,  (6)  oxygen,  (c)  carbon  dioxide,  (d)  carbon  monoxide,  (e)  hydrogen. 

(a)  Chlorine.  Hempel '  recommends  measuring  the  gas  quickly  in  his  burette 
over  water  and  then  sucking  in  5  cc.  of  50%  potassium  iodide  solution  through 
the  capillary  and  shaking;  the  diminution  in  volume  gives  the  chlorine. 

The  other  gases  are  determined  in  the  usual  way.  As  phosphorus  cannot  be 
used  for  pure  oxygen,  a  specially  prepared  potassium  pyrogallate,  p.  735,  is 
employed;  cuprous  chloride  or  ammoniacal  cuprous  carbonate  in  the  absence  of 
carbon  monoxide  is  very  satisfactory. 

VII.  ACETYLENE 

Commercial  acetylene  may  contain  the  following  gases: 

1.  Oxygen;  4.  Nitrogen; 

2.  Hydrogen;  5.  Sulphur-containing  gases; 

3.  Methane;  6.  Phosphine. 

Oxygen  is  estimated  after  the  absorption  of  the  acetylene  itself  in  fuming  sul- 
phuric acid,  in  the  usual  way  with  potassium  pyrogallate.  Methane  and  hydrogen 
would  be  determined  in  this  residue,  after  treatment  with  ammoniacal  cuprous 
chloride  to  complete  the  removal  of  acetylene,  by  the  ordinary  explosion  methods, 
p.  704.    Nitrogen  would  be  left  as  a  residue. 

Sulphur-containing  gases.  These  are  most  likely  organic  sulphides,  as 
hydrogen  sulphide  is  probably  absent,  since  the  solution  is  strongly  alkaline  from 
which  the  acetylene  escapes.  They  can  be  determined  by  combustion,  as  in  illu- 
minating gas,  p.  716,  and  best  be  reported  as  "  total  sulphur.'' 

Phosphine  is  also  similarly  estimated  and  the  phosphoric  acid  determined  in 
the  usual  way:  the  quantity  of  PHi  rarely  exceeds  0.05%.  Acetylene  can  be 
purified  by  passing  over  bleaching  powder,  through  acid  cuprous  chloride  or 
chromic  acid:  The  candle  power  is  usually  given  as  fifty  per  cubic  foot,  or  180-200, 
when  burned  at  the  rate  of  5  cu.ft.  per  hour.  The  explosive  limits  are  according 
to  Clowes » 3  to  82%. 

^  BurrelL   Seibert  and  Robertson,    Bureau  of   Mines  Technical  Paper  62,  1914i 
"  Relative  Efifects  of  Carbon  Monoxide  on  Small  Animals." 
>  "  Gas-Analytische  Methoden,''  4th  Ed.,  1913,  p.  278. 
»  Op.  dt. 
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VIII.  ATMOSPHERIC  AIR 

(a)  Moisture;    (6)  Carbon  dioride;    (e)  Oaone;    (d)  Carbon  monoxide;  («) 


(a)  Moisture '  by  chemical  means,  see  p.  731.  The  amount  of  moisture  tto 
be  determined  by  t)ie  sling  peychrometer,  or  wet-  and  dry-bulb  thermomettz  or 
by  the  hair  hygrometer.  The  sling  peychix>meter  is  the  most  rapid  and  accurate— 
the  wet-  and  dry-bulb  thermometers  are  so  arranged  that  they  can  be  rapidly 
whirled  for  fifteen  or  twenty  seconds,  stopped  and  quickly  read,  the  mw(  balb 
first;  this  is  repeated  until  closely  agreeing  readings  are  obtained.  The  humidity 
is  determined  in  the  usual  manner  from  the  met«orological  tables. 

The  amount  of  moisture  in  the  air  is  probably  indirectly  lesponsiMe  for  our 
sensations  of  comfort  or  discomfort,  rather  than  the  amount  of  carbon  dioxide, 
as  was  formerly  thought.  This  moisture  controls  the  heat  loss  from  the  body, 
which  loss  must  be  normal — neither  too  h^h  nor  too  low.  The  greater  tbe 
humidity  the  less  the  evaporation,  consequently  the  less  the  cooling. 

For  comfort,  the  higher  the  temperature  the  less  should  be  the  humidity; 
the  following  shows  the  relation  between  the  two: 

Temp.,»F 60  68 »         70  80  90 

Relative  humidity,  per  cent    67  40  49  31  16 

(b)  Carbon  Dioxide.  One  of  the  most  satisfactory  methods  is  that  of  Htnc' 
This  consists  in  absorbing  the  carbon  dioxide  from  a  definite  volume  of  air  with 

standard  barium  hydronde  and  deteTTnining  its 
loss  of  strength. 

The  air  is  collected  in  heavy  Erlenmeyerfls^ 
of  100-500  or  1000  cc.  capacity,  or  clear  gUsi 
bottles;  these  are  stoppered  with  doubly  per- 
forated rubber  stoppers  carrj-ing  ^ass  plugs  snd 
the  capacity  of  the  flask  or  bottle  noted  to  the 
depth  of  the  stopper.  A  JO-cc.  pipette  and  ■ 
,  15-cc,  glass-stoppered  burette  graduated  ia  ce./IO 
with  an  8-cm.  tip,  complete  the  outfit;  aEolution 
of  1.7  grams  of  barium  hydroxide  and  chloride 
(20  :  1)  in  a  liter  of  water,  B  Fig.  132,  and  of 
oxalic  acid  5.6325  grams  per  liter  (1  cc.»l  «■ 
CO,),  with  phcnolphthalein  1  :  250,  are  requind. 
The  bottles  are  filled  with  steam  by  expowre 
for  three  minutes  and  the  voselined  stoppers  in- 
serted, or  they  may  be  filled  with  distilled  wata 
and  opened  in  the  {dace  the  air  of  which  is  to  be 
examined. 

In  all  this  work,  it  should  be  remembered  that  the  exhaled  breath  contains 
from  30  to  40  parts  carbon  dioxide  per  10,000,  consequently  care  should  be  taken 
not  to  confamiiinte  the  samples,  nor  should  they  be  warmed  with  the  hand. 

'Benedict,  "  Tho  Composition  of  the  Atmosphere  with  Special  Reference  to  iti 
Oxygen  Content,"  Carnegie  Institution  of  Washington,  1912,  Publication  No.  196- 
'  For  indoor  work. 
*  Eulenberg's  Viertcljahrschr.  f.  ger.  Med.  u.  San.  N.  F.,  tl,  2. 
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The  ICVcc.  pipette  is  partly  filled  from  the  tube  A,  Fig.  132,  by  means  of  the 
rubber  connector  and  sucking  the  liquid  into  the  pipette:  it  is  rinsed,  filled  and 
inserted  through  one  of  the  holes  in  the  rubber  stopper  of  the  bottle,  the  other 
plug  being  momentarily  opened.  The  plugs  are  replaced  and  the  bottles  allowed 
to  rest  on  their  sides,  with  occasional  rolling,  for  twenty  minutes.  Not 
more  than  one-fifth  of  the  solution  should  be  used  up  by  the  carbon  dioxide 
present. 

During  this  time,  the  barium  hydroxide  should  be  standardized;  to  this  end 
a  few  drops  of  phenolphthalein  and  a  quantity  of  the  oxalic  acid  almost  suflScient 
to  neutralize  the  hydroxide  should  be  run  into  a  JOO-cc.  Erlenmeyer  flask  from  the 
burette;  this  should  be  passed  through  the  doubly  perforated  Copper;  10  cc.  of 
the  barium  hydroxide  solution  are  run  into  the  flask  as  above  described,  and  also 
the  oxalic  acid  until  a  pink  color  appears. 

Phenolphthalein  is  added  to  the  bottles  containing  the  samples,  the  oxalic 
acid  burette  inserted  through  the  stopper  and  the  excess  of  barium  hydroxide 
titrated. 

The  barometric  pressure  and  temperature  in  the  laboratory  are  noted  and 
the  volume  of  the  bottle  less  10  cc.  (Ba02H2)  calculated  to  standard  conditions; 
the  difference  in  the  titer  of  the  barium  hydroxide  solution  gives  the  volume  of 
carbon  dioxide  in  the  bottle;  this  is  calculated  into  parts  per  10,000. 

Other  methods  for  this  determination  are  more  stri(;tly  gasometric,  measuring 
the  diminution  in  volume  by  absorption :  Benedict  ^  used  Sonden's,  and  Anderson  * 
reconmicnds  a  shortened  form  of  the  Pettersson-Palmquist  apparatus. 

This  may  be  described  as  an  Orsat  apparatus  using  mercury  instead  of  water 
and  with  a  25-cc.  burette  the  lower  part  of  which  is  graduated  to  0.0025  cc;  this 
is  connected  to  a  pipette  of  potassium  hydroxide,  a  delicate  manometer  and  com- 
pensating tube.  The  apparatus  is  delicate  and  rapid,  but  requires  a  skilled 
operator  to  manipulate  it. 

The  amount  of  carbon  dioxide  in  the  outdoor  air  in  the  city  is  about  3.1  parts 
per  10,000,  in  the  house,  3.7-3.9;  with  6-7  parts  in  a  room,  the  ventilation  may 
be  considered  as  excellent,  with  10  parts  as  about  the  upper  limit.  In  some 
theaters  which  were  lighted  by  gas  it  approached  50  parts. 

(c)  Ozone.  Probably  most  conveniently  determined  by  Wurster's  method, 
p.  697. 

(d)  Carbon  Monoxide.  The  qualitative  detection  is  most  certainly  effected 
by  the  blood  test ;  to  this  end  the  gas  is  drawn  through  a  solution  of  blood  con- 
ained  in  a  Wolff,  Fig.  1 18,  or  similar  absorption  tube  and  examined  for  its  absorp- 
tion spectrum.  The  blood  solution  is  made  by  mixing  ox  blood  which  has  been 
defibrinated  by  whipping,  with  an  equal  quantity  of  a  cold  saturated  solution  of 
borax;  this  can  be  kept  (as  a  side-shelf  reagent)  in  the  laboratory  for  months. 
This  solution  is  diluted  with  19  volumes  of  water,  giving  a  solution  of  blood  of 
1  in  40  which  is  placed  in  the  absorption  tube.  The  air  is  drawn  through  it  at 
a  rate  of  3  liters  per  hour,  recjuiring  10  liters  in  some  cases;  the  solution  is  put 
a  thin  flat-sided  bottle  and  spectroscopically  examined. 

Pure  diluted  blood.  Fig.  133,  shows  two  dark  absorption  bands,  spectrum  2, 
between  the  D  and  E  line ;  these  are  welded  into  one  broad  band  by  reducing  agents 
as  NH4SH,  spectrum  4;  blood  which  has  absorbed  carlx)n  monoxide  shows  two 

^  Op.  cit. 

« J.  Am.  Chem.  Soc,  85, 162, 1913. 
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broader  bands  in  the  same  place,  speetnim  3,  which  are  unaffected  by  reducing 
agents.     The  quantitative  determination  depends  upon  the  equation, 

5CO+IiOi-5CO.+I,. 

This  has  been  studied  by  Kinnicutt  and  Sanford '  and  recently  by  Morgan  bu! 
McWhorter*  and  by  the  writer.  The  proeesa  consists  in  suckmg  the  air  through 
the  iodine  pentoxide  contained  in  a  U-tube  beated  in  cottonaeed  oil  or  ^yceiin 
bath  to  150°,  passing  the  iodine  into  potassium  iodide  solution  and  then  afasorUng 
the  carbon  dioxide  in  standard  barium 
hydroxide.  Both  the  iodine  and  ba^ 
ium  hydroxide  solutions  are  tttrstfd 
The  last  two  investigators  call  par- 
ticular attentbn  to  the  ease  with 
which  iodine  pentoxide  at  150*  is 
decomposed  by  organic  matter,  ps^ 
ticularly  stopcock  grease;  the  pen- 
toxide should  be  sealed  into  the 
U-tube,  as  glass  stopcocks  cannot  be 
used.  The  writer  can  subetantiate 
this  statement,  and  would  suggat 
further  that  the  U-tube  be  chemicallj' 
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cleaned  with  cleaning  solution  (NaiCriOj-t-HiSOO  before  filling  with  IiOi,  sa  wtfi 
as  the  tubes  through  which  the  gas  is  sucked  before  reaching  the  U-tube;  nibbcr 
connections  should,  if  poKsible,  be  avoided,  and  the  tubing  should  have  bea 
cleansed  by  farming  vith  dilute  soda  lye  and  washing.  The  U-tube  should  b» 
drawn  down  to  the  siime  size  as  the  connecting  glass  tubing  and  the  two  batted 
closely  together  in  tlie  cleansed  rubber  connector. 

The  iodine  is  titrated  with  N/1000  thiosulphate  and  every  2.27  mg.  of  iodiaa 
corresponds  to  1  cc.  of  carimn  monoxide  under  standard  conditions;  the  carbwi 
dioxide  is  absorix-d  in  the  hydroxidecontained  in  alongtest-tube  24X2,5  cm.  and 
titrated  with  oxalic  acid  (1 .1205  grams  crystallized  acid  to  1  liter)  using  phenolpb- 
thalcin;  5  co.  of  the  acid  are  equivalent  to  1  cc.  of  carbon  dioxide. 

Haldane'  states  that  as  little  as  .01%  of  carbon  monoxide  can  be  deterniiiM<l 
colorimctrii'ftlly  by  alwirbing  in  diluted  blood  and  comparing  it  with  standsitl 
carmine  solufii'n;  carlmn  monoxide  turns  the  brownish  yellow  color  of  the  blood 
to  pink. 

(e)  Bacteria.  Sec  "Standard  Methods  for  Bacterial  Examination  of  Air." 
Am.  J.  Pub.  Health,  6,  No.  3,  1910. 

'  J.  Am.  Chcm.  Soc.  28,  14,  1900. 
>lliici.,  29,  1589,  1907. 
•  Clowes,  op.  cit.,  138. 
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DETERMINATION  OF  MOISTURE   IN  OASES 

The  gas  to  be  tested  is  posaed  through  a  dehydrating  agent  such  as  phosphorus 
pentoxide,  PiOi,  alumina,  AUOi,  or  lime,  CaO,  contained  in  a  'weighed  U-tube, 
Fig.  134.  The  following  facts  should  be  borne  in  mind  in 
selecting  the  dehydrating  agent:  (a)  It  should  not  absorb 
the  gas;  (fr)  it  should  not  react  chemically  with  the  gaa. 
For  example — lime  or  alumina  could  not  be  used  for 
determining  moisture  in  sulphur  dioxide,  nor  could  phos- 
phorus pentoxide  be  used  in  determining  moisture  in 
ammonia.  For  the  former,  phosphorus  pentoxide  is  best, 
and  for  the  latter,  lime.  Alumina  that  hae  been  care- 
fully heated  to  1400°  is  useful  for  determining  moisture 
in  neutral  gases.     It  should  be  remembered  that  gases 

dried  over  calcium  chloride  will  give  up  moisture   to 

strong  sulphuric  acid,  and  these  in  turn  will  give  up 
moisture  to  phosphorus  pentoxide;  Professor  Morley  has  even  determined  the 
amount  of  moisture  that  is  left  after  this  latter  treatment. 

Procedure.  The  volume  of  the  gases  required  for  the  test  varies  widely 
according  to  the  percentage  of  moisture  in  the  gas,  1000  cc.  to  i 
10,000  cc.  are  generally  required.  For  minute  amounts  of  moist- 
ure it  may  be  necessary  to  lead  the  gas  over  the  dehydrating 
agent  for  a  given  length  of  time,  using  a  manometer  or  differ- 
ence gauge,  or  a  gas  meter.  The  absorption  tube  is  weighed 
before  and  after  the  test  and  the  increase  in  weight  taken  as  the 
moisture  content  of  the  gas. 

Method  of  Determining  Gasolene  Vapor  in  Gaseous 
Mixtures.*  Fig.  I35shovra  the  apparatus  forthe  gasolene-vapor 
determination.  The  bulb  a  contains  phosphorus  pentoxide  for 
removing  water  vapor.  If  the  latter  were  not  removed  it  would 
also  be  retained  at  low  temperatures  and  would  subsequently 
exert  pressure  when  measurement  was  being  made  of  the  pres- 
sure exerted  by  the  gasolene  vapor. 

To  start  a  determination  the  apparatus  is  connected  to  a 
vacuum  pump  and  its  air  exhausted.  The  mixture  of  gasolene 
vapor  and  air  is  then  introduced  at  atmospheric  pressure,  the 
barometer  is  read,  and  the  two  bulbs  are  immersed  in  liquid  air 
contained  in  a  Dewar  flask.  After  about  ten  minutes,  the  air  is 
removed  from  the  apparatus  with  a  vacuum  pump.  The  stop- 
cock on  the  apparatus  is  then  closed,  the  liquid  air  in  the 
Dewar  flask  removed,  the  gasolene  allowed  to  vaporize,  and  its 
pressure  read  on  the  mercury  manometer  attached  to  the  appa- 
ratus. The  ratio  of  this  pressure  to  the  pressure  of  the  atmos-' 
I^re  gives  the  percentage  of  gasolene  vapor  originally  in  the  air. 
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I  U.  S.  Bureau  of  Mines,  Technical  Paper  No.  115,  Burrell  and  Boyd. 
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DETERMINATION  OF  NITROGEN  BY  THE  NITROMETERS 

The  nitrometer,  Fig.  136,  consists  of  a  gas-generating  bulb  fitted  at  the  top 
with  a  two-way  cock  leading  to  a  dissolving  cup  and  a  gas-exit  tube,  and  which 
has  at  the  bottom  a  connection  for  a  rubber  tube  leading  to  a  leveling  tube,  the 
whole  being  filled  with  mercury  to  a  level  just  below  the  upper  cock;  a  cyiiadnal 
glass  measuring  tube  graduated  from  0-100  cc.  connected  to  a  leveling  tube  through 
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a  T-tube  leading  to  an  equilibrium  tube.  The  latter  is  shaped  like  an  inverted 
100-cc.  pipette  graduated  downward  below  the  bulb  from  100-130  cc.  The  whole 
sjTstcm  is  filled  with  mercury  so  that  the  measuring  tube  may  be  completely  dis- 
charged by  raising  the  leveling  tube. 

Adjusting  the  Equilibrium  Tube,  The  volume  of  100  cc.  of  dry  airatO**C. 
and  760  mm.  under  the  temperature  and  barometric  conditions  prevailing  at  the 
time  is  calculated,  3  drops  of  98%  sulphuric  acid  are  drawn  into  the  tube  and 
the  level  of  the  mercury  fixed  in  accordance  with  the  calculation.  The  cook  of 
the  tube  is  then  closed  and  sealed  with  melted  paraffin.  The  volume  in  tliis  tube 
may  be  confirmed  at  any  time  by  opening  the  measuring  tube  and  adjusting 
tho  hn-eling  tube  so  that  the  level  is  the  same  in  the  three  tubes.  The  volume  of 
gas  ui  the  equilibrium  tube  is  then  read  and  compared  with  the  calculated  volume 

*  Joyce  and  La  Tourette,  J.  Ind.  and  Eng.  Chem.  5,  1017,  1913. 
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at  the  time,  a  correction  in  the  subsequent  gas  readings  in  the  measuring  tube 
being  made  accordingly. 

Nitrogen  in  Potassium  Nitrate.  Approximately  0.4  gram  potassium  nitrate 
is  placed  in  a  weighing  tube,  dried  two  hours  at  1 10**  C,  desiccated  twenty-four 
hours  over  sulphuric  acid  and  weighed  exactly  by  difference  into  the  cup  of  the 
gas-generating  bulb.  This  is  dissolved  in  9  cc.  95%  sulphuric  acid,  added  through 
a  siphon  thistle  tube,  entering  the  top  of  the  dissolving  cup  through  a  tight-fitting 
rubber  stopper.  When  the  salt  is  dissolved  it  is  drawn  into  the  gas-generating 
bulb  and  followed  by  two  washings  1.5  cc.  each  of  95%  acid.  The  bulb  is  then 
shaken  with  a  motion  normal  to  its  long  dimension  until  the  volume  of  gas  deter- 
mined by  a  rough  paper  scale  pasted  on  the  leveling  tube  becomes  constant,  this 
operation  taking  from  three  to  five  minutes. 

The  gas  is  passed  into  the  measuring  tube,  and  after  standing  five  minutes  the 
leveling  and  measuring  tubes  are  so  adjusted  that  the  level  in  the  equilibrium  tube 
reads  100  cc.  and  is  the  same  as  the  level  in  the  measuring  tube.  The  reading  of 
the  latter  is  then  taken.  As  the  temperature  and  barometric  conditions,  in  so  far 
as  they*  affect  the  measured  volume  of  the  gas,  are  automatically  compensated 
by  the  equilibrium  tube,  and  as  the  gas  is  washed  with  sulphuric  acid  and  is,  there- 
fore, dry,  the  percentage  of  nitrogen  may  be  calculated  directly,  correcting  only 
for  the  calibration  of  the  equilibrium  and  measuring  tubes.  Seventeen  deter- 
minations made  when  the  room  temperature  ranged  from  20-28°  gave  13.71% 
nitrogen,  the  theoretical  being  13.84%. 

The  nitrometer  gives  reliable  results  within  0.02%  in  nitrate  nitrogen,  using 
0.4-0.5  gram  sample.  It  is  not  available  for  the  determination  of  nitrogen  in 
celluloid  or  other  substances  containing  carbon  ring  compounds  which  appear 
to  prevent  the  complete  liberation  of  nitric  oxide  in  the  presence  of  sulphuric 
acid  and  mercury. 

Besides  the  corrections  for  calibration  and  standardization  of  the  nitrometer 
in  accordance  with  temperature  and  barometer,  the  gas  readings  should  be  cor- 
rected for  solubility  of  nitric  oxide,  which  diminishes  when  the  temperature  goes 
above  28**  C,  and  the  formation  of  other  gases  by  the  breaking  up  of  the  cellulose 
molecule  which  increases. 

The  following  table  gives  the  algebraic  sum  of  these  two  corrections  for  tem- 
peratures ranging  from  20"  to  35"  C. 


Temp. 

Cc. 

Temp. 

Cc. 

20.0-27.5 

28.0 

29.0 

-1-0.90 
-1-0.74 
+0.34 

30.0 
30.5 
31.0-35.0 

-0.14 
-0.70 
-0.94 
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REAGENTS  AND  TABLES 

The  reagents  used  in  gas  analysis,  particularly  in  the  absorptioa  apparatus, 
are  comparatively  few  and  easily  prepared. 

Hydrochloric  Acid,  Sp.  gr.  1.10.  Dilute  ''muriatic  acid''  with  an  equal 
volume  of  water.  In  addition  to  its  use  for  preparing  cuprous  chloride,  it  bA 
employment  in  neutralizing  the  caustic  solutions  which  are  unavoidably  moie 
or  less  spilled  during  their  use. 

Fuming  Sulphuric  Acid.  Saturate  "  Nordhausen  oil  of  vitriol "  with  sul- 
phuric anhydride.  Ordinary  sulphuric  acid  may  be  used  instead  of  the  Nord- 
hausen ;  in  this  case  about  an  equal  weight  of  sulphuric  anhydride  will  be  necessair. 
Absorption  capacity ,  1  cc.  absorbs  8  cc.  of  ethene  (ethylene). 

Acid  Cuprous  Chloride.  The  directions  given  in  the  various  text4xx^ 
being  troublesome  to  execute,  the  following  method,  which  is  simpler,  has  been 
found  to  give  equally  good  results:  Cover  the  bottom  of  a  two-liter  bottle  with 
a  layer  of  copper  oxide  or  "  scale  "  f  in.  deep,  place  in  the  bottle  a  number  of 
pieces  of  rather  stout  copper  wire  reaching  from  top  to  bottom,  sufficient  to  make 
a  bundle  an  inch  in  diameter,  and  fill  the  bottle  with  conmion  hydrochloric  add 
of  1.10  sp.gr.  The  bottle  is  occasionally  shaken,  and  when  the  solution  is  cok^ 
less,  or  nearly  so,  it  is  poured  into  the  half-liter  reagent  bottles,  containing  copper 
wire,  ready  for  use.  The  space  left  in  the  stock  bottle  should  be  immedtttdy 
filled  with  hydrochloric  acid  (1.10  sp.gr.). 

By  thus  adding  acid  or  copper  wire  and  copper  oxide  when  either  is  exhaust<4 
a  constant  supply  of  this  reagent  may  be  kppt  on  hand. 

The  absorption  capacity  of  the  reagent  per  cc.  is,  according  to  Winkler,  15  cc. 
CO;  according  to  Hempel  4  cc.  The  author's  experience  with  Orsat's  apparatus 
gave  1  cc. 

Care  should  be  taken  that  the  copper  wire  does  not  become  entirely  dissoh'ed 
and  that  it  extend  from  the  top  to  the  bottom  of  the  bottle;  furthennore  the 
stopper  should  be  kept  thoroughly  greased  the  more  effectually  to  keep  out  the 
air,  which  turns  the  solution  brown  and  weakens  it. 

Ammoniacal  Cuprous  Chloride.  The  acid  cuprous  chloride  is  treated  with 
•ammonia  until  a  faint  odor  of  ammonia  is  perceptible;  copper  wire  should  be 
kept  in  it  similarly  to  the  acid  solution.  This  alkaline  solution  has  the  advantage 
that  it  can  be  used  when  traces  of  hydrochloric  acid  vapors  might  be  hannful  to 
the  subsequent  determinations,  as,  for  example,  in  the  determination  of  hydrogei 
by  absorption  with  palladium.  It  has  the  further  advantage  of  not  soiliDS 
mercury  as  docs  the  acid  reagent. 

Absorption  capacity ^  1  cc.  absorbs  1  cc.  CO. 

Cuprous  chloride  is  at  best  a  poor  reagent  for  the  absorption  of  carbonic  oxide; 
to  obtain  the  greatest  accuracy  where  the  reagent  has  been  much  used,  the  p& 
should  be  j)a8scd  into  a  fresh  pipette  for  final  absorption,  and  the  opemtion  con- 
tinued until  two  consecutive  readings  agree  exactly.  The  compoimd  formed  by 
the  ahs()rj)tion — possibly  CujCOCU — is  very  unstable,  as  carbonic  oxide  may  be 
freed  from  the  solution  by  boiling  or  placing  it  in  vacuo;  even  if  it  be  shaken  up 
with  air,  the  gas  is  given  off,  as  shown  by  the  increase  in  volume  and  subsequent 
diminution  when  shaken  with  fresh  cuprous  chloride. 

Hydrogen.  A  simple  and  effective  hydrogen  generator  can  be  made  by 
joining  two  6-in.  calcium  chloride  jars  by  their  tubulatures.     Pure  «inc  is  filkd 
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in  as  far  as  the  constriction  in  one,  and  the  mouth  closed  with  a  rubber  stopper 
carrying  a  capillary  tube  and  a  pinchcock.  The  other  jar  is  filled  with  sulphuric 
acid  1  :  5  which  has  been  boiled  and  cooled  out  of  excess  of  air.  The  mouth  of 
this  jar  is  closed  with  a  rubber  stopper  carrying  one  of  the  rubber  bags  used  on 
the  simple  pipettes. 

Mercury.  The  mercury  used  in  gas  analysis  should  be  of  sufficient  purity 
as  not  to  "  drag  a  tail "  when  poured  out  from  a  clean  vessel.  It  may  perhaps 
be  most  conveniently  cleaned,  except  from  gold  and  silver,  by  the  method  of 
J.  M.  Crafts,  which  consists  in  drawing  a  moderate  stream  of  air  through  the  mer- 
cury contained  in  a  tube  about  3  ft.  long  and  1}  ins.  internal  diameter.  The  tube 
is  supported  in  a  mercury-tight  V-shaped  trough,  of  size  sufficient  to  contain  the 
metal  if  the  tube  breaks,  one  end  being  about  3  ins.  higher  than  the  other.  Forty- 
eight  hours'  passage  of  air  is  sufficient  to  purify  any  ordinary  amalgam.  The 
mercury  may  very  well  be  kept  in  a  large  separatory  funnel  under  a  layer  of 
strong  sulphuric  acid. 

Or  Meyer's  method  ^  may  be  used.  A  separatory  funnel  is  used  to  hold  the 
mercury.  The  delivery  tube  of  the  funnel  is  slightly  narrowed  0.5  cm.  from  the 
lower  end.  Over  this  side  is  bound  with  twine  a  piece  of  rather  closely  woven 
muslin.  The  mercury  is  allowed  to  flow  through  the  cloth  into  a  solution  of 
mercury  nitrate  contained  in  a  tall  cylinder,  with  stopcock  at  the  lower  end. 
The  tip  of  the  funnel  with  the  muslin  dips  under  the  surface  of  the  cleaning 
solution.  The  purified  mercury  is  drained  off  from  the  bottom  of  the  cylinder. 
It  can  also  be  purified  except  from  traces  of  zinc  by  distillation. 

Palladous  Chloride.  Five  grams  palladium  wire  are  dissolved  in  a  mixture 
of  30  cc.  hydrochloric  and  2  cc.  nitric  acid,  this  evaporated  just  to  dryness  on  a 
water  bath,  redissolved  in  5  cc.  hydrochloric  acid  and  25  cc.  water,  and  warmed 
until  solution  is  complete.  It  is  diluted  to  750  cc.  and  contains  about 
1%  of  palladous  chloride.  It  will  absorb  about  two-thirds  of  its  volume  of 
hydrogen. 

Phosphorus.  Use  the  ordinary  white  phosphorus  cast  in  sticks  of  a  size 
suitable  to  pass  through  the  opening  of  the  tubulated  pipette. 

Potassium  Hydrate,  (a)  For  carbon  dioxide  determination,  500  grams^of 
the  commercial  hydrate  are  dissolved  in  1  liter  of  water. 

Absorption  capacity.     One  cc.  absorbs  40  cc.  COj. 

(b)  For  the  preparation  of  potassium  pyrogallate  for  special  work,  120  grams 
of  the  commercial  hydrate  are  dissolved  in  100  cc.  of  water. 

Potassium  Psrrogallate.  Except  for  use  with  the  Orsat  or  Hempel  apparatus, 
this  solution  should  be  prepared  only  when  wanted.  The  most  convenient  method 
is  to  weigh  out  5  grams  of  the  solid  acid  upon  a  paper,  pour  it  into  a  funnel  inserted 
in  the  reagent  bottle,  and  pour  upon  it  100  cc.  of  potassium  hydrate  (a)  or  (6). 
The  acid  dissolves  at  once,  and  the  solution  is  ready  for  use. 

If  the  percentage  of  oxygen  in  the  mixture  does  not  exceed  28,  solution  (a) 
may  be  used;'  if  this  amount  be  exceeded,  (b)  must  be  employed.  Otherwise 
carbonic  oxide  may  be  given  off  even  to  the  extent  of  6%. 

Attention  is  called  to  the  fact  that  the  use  of  potassium  hydrate  purified  by 
alcohol  has  given  rise  to  erroneous  results. 

Absorption  capacity.    One  cc.  absorbs  2  cc.  O. 

*  J.  H.  Hilderbrand,  J.  Am.  Chem.  Sec,  81,  934. 

•  Clowes,  Jour.  Soc  Chem.  Industry,  15,  170. 
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Sodium  Hydrate.  Dissolve  the  conunrarial  hydn 
of  water.  This  may  be  employed  in  all  cases  when 
hydrate  is  used.  The  chief  advantage  in  its  use 
pyrogallate  is,  however,  a  trifle  slower  in  action  thai 
sium  salt. 

TABLE   1 


Tomp. 

-="■ 

0„„.. 

t™p. 

-—■ 

Gr»m.. 

5 

6.5 

6.8 

14 

11.9 

12.0 

6 

7  0 

15 

12.7 

12.8 

■   7 

7.5 

16 

8 

8.0 

8.1 

17 

14.4 

14. S 

9 

8.5 

18 

15.4 

15  1 

30 

9.1 

19 

16,2 

11 

20 

12 

10.4 

10. fl 

21 

18.5 

18.2 

13 

11  1 

U3 

'" 

19.7 

i..a 

Hoisture  In  flie  Air.'  Twenty  tests  made  on  differen 
17tb  to  November  10th,  1916,  at  a  period  agreeing  closely 
conditions,  gave  results  varying  from  0.1510  gram  to  ( 
standard  cubic  foot.  The  average  of  the  results  was  0.246 
of  nir.  Omitting  three  rainy  days  of  this  period  the  avc 
laboratory  (75°  F.)  was  found  to  be  0.2141  gram  per  cubii 

It  is  an  interesting  fact  that  at  75°  F.,  52  per  cent  sul( 
standard)  is  in  equilibrium  with  air  containing  0.2137  g 
according  to  :iii  average  of  results  by  W.  W.  Scott  and  e 
on  tension  of  aiiueoua  vapor  in  mixtures  of  sulphuric  acid 


Specific  11  rats  i 


TABLE  2 
F  Gases  at  Conbtai 


Air.. 


Carbon  dioxide 

Carlwnic  oxide 

Hydrogen 

"  lUuniinants  " 

Methane , 

Nitrogen 

Oxygen 

Aqueous  vajior 

The  "  volumetric  "  specific  heat  is  the  quantity  of  b 
perature  of  1  cu.tt.  of  gas  from  32°  F.  to  33*  F. 

1  Communicated  by  W.  W.  Scott. 

'  H.  L.  Payne,  Jour.  Anal,  and  Applied  < 

■  Ethylene. 
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TABLE    3 

CaLpORific  Power  op  Various  Gases  *    in  British  Thermal  Units  per  Cubic 

Foot 


Name. 


Hydrogen 

Carbonic  oxide. 

Methane 

lUuminants '. . . 

Gthane 

P*ropane 

Butane 

Pentane 

Hexane  * 

Ethylene 

Propylene 

Benzene 

Acetylene 


CO 
CH4 

•   •   •   • 

CaHfi 

CsHij 
C4H10 
C5H12 
CeHu 

C2Hi 
CjHfl 

CfiHa 

CjHj 


60°  F.  Initial. 


326.2 

323.5 

1009.2 

2521 
3274 


1588 
2347 . 2 
3807 . 4 
1476 . 7 


32°  F.  Initial. 
32°  F.  Final. 

345.4 
341.2 
1065.0 
2000.0 
1861.0 
2657.0 
3441.0 
4255 . 0 
5017.0 
1674.0 
2509.0 
4012.0 
1477.0 


Ignition 
Point  °F. 


1085* 

1200* 
1230 

iiio 

1015 


1400 

1010* 

940 

'788* 


TABLE  4 


1  cubic  inch    =  16 .  39  cc. 
1  cubic  foot    =  28 . 3 1 5  liters 
1  cubic  meter  =  35 .  31  cu.ft. 


1  calori?  =  3.969  B.t.u. 
1  pound  =  453 .  59  grams 


oil. 


'  H.  L.  Payne,  loc.  cit. 

*  Where  the  '*  illuminants  "  are  derived  chiefly  from  the  decomposition  of  mineral 

'  The  chief  constituent  of  the  "  gasolene  "  used  in  the  gas  machines  for  carbureting 


air. 


*  Dixon  and  Coward,  Proc.  Chem.  Soc,  26,  67. 
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FURNACE   METHODS  OF  ASSAYING  FOR 

GOLD  AND  SILVER 

Wallace  G.  Derby  ' 

THE  SAMPLE 

The  unit  of  weight  in  assaying  all  classes  of  material  except  gold  and  silver 
bullion  is  the  assay  ton,  29166.6  milligrams;  the  same  number  of  milligrams  as 
there  are  ounces  troy  in  a  ton  of  2000  avoirdupois  pounds.  If  one  A.T.  of  material 
be  taken  for  assay,  the  number  of  milligrams  gold  or  silver  obtained  represents 
ounces  per  ton  and  is  so  designated  in  reports.  In  the  assay  of  all  classes  of  bullion 
except  copper  and  lead,  results  are  calculated  to  and  reported  in  terms  of  parts 
per  thousand.  Synonymous  with  parts  per  thousand  are  the  terms  fine,  fineness, 
parts  or  degrees  fineness. 

The  sample  received  by  the  assayer  should  not  only  be  representative  of  the 
material  undergoing  valuation  or  investigation,  but  should  be  in  such  a  state  that 
the  operator  can,  without  extraordinary  manipulation  or  precaution,  weigh  out 
portions  which  are  exactly  like  the  sample.  As  a  general  rule  no  sample  of  pul- 
verized material  should  have  a  fineness  of  less  than  80  mesh.  With  increase  of 
value  or  decrease  of  proportion  of  the  constituent  of  the  material  which  carries 
the  values,  the  fineness  should  be  increased  to  100,  120  or  even  200  mesh,  unless 
the  attempt  to  obtain  such  homogeneity  is  accompanied  by  introduction  of  so  much 
matter  worn  from  the  grinding  mill  or  plate,  or  by  change  of  weight  due  to  oxida- 
tion of  some  constituent,  as  to  decrease  rather  than  increase  the  representative 
character  of  the  assay  portions.  The  sample  of  material  which  is  composed  of 
particles  very  unlike  in  value  and  so  dissimilar  in  such  physical  properties  as  size, 
weight,  magnetism,  hardness,  etc.,  which  make  separation  practicable,  should 
be  presented  to  the  a.ssayer  in  fractions  representative  of  the  components.  A 
convenient  rule  (an  algebraical  contraction  of  the  arithmetical  operation),  for 
calculating  the  assay  of  the  whole  from  the  assays  of  the  components  which  for 
convenience  will  be  called  coarse  and  fine,  may  be  stated  as  follows:  Multiply 
the  difference  of  the  assays  of  the  coarse  and  fine  by  the  decimal  fraction  represent- 
ing the  percentage  of  fine  in  the  material  and,  if  the  assay  of  the  fine  is  greater  than 
that  of  the  coarse,  add  the  product  to  the  assay  of  the  coarse;  but  if  the  assay  of 
the  fine  is  less  than  that  of  the  coarse,  subtract  the  product  from  the  assay  of  the 
coarse.  To  a  known  weight  of  some  sorts  of  material,  during  the  process  of 
sampling,  reagents  are  added  to  neutralize  and  dry  acid  substances  or  water  is  added 
to  prevent  dusting  of  light  and  fine  substances.  To  calculate  the  assay  to  original 
basis;  multiply  by  1  plus  the  decimal  fraction  representing  the  per  cent  increase 
of  weight.  Occasionally  organic  matter  is  removed  by  coml3ustion,  barren  matter 
by  magnetism  or  other  methods,  and  very  commonly  moisture  by  drying.  To 
calculate  to  original  basis;  multiply  the  assay  by  1  minus  the  decimal  representing 

*  Research  Chemist,  Nichols  Copper  Company,  New  York. 
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the  per  cent  decrease  in  weight  of  the  sample.    Samples  of  material  which  have  the 
property  of  changing  weight  with  atmospheric  conditions,  should  l)e  kept  in  tightly 
stoppered  bottles.    The  assay  of  such  material  is  best  made  on  the  portion  of  the 
sample  used  in  the  determination  of  moisture.     The  distribution  of  values  in  solid 
copper  or  lead  bullion  is  never  uniform.     Unhomogeneity  tends  to  increase  with 
quantity  of  impurity  and  with  decrease  in  the  rate  of  cooling  from  the  molten  state. 
The  sample  of  copper  bullion  should  be  composed  of  drill  shavings  from  every  part 
of  the  piece  which  is  practicable  to  attack  with  a  J  or  |-in.  twist  drill  in  such  a 
manner  that  the  particles  from  each  part  shall  have  the  same  pro]x>rtionate  weight 
in  the  sample  as  the  part  is  of  the  whole  piece.    This  principle  is  applied  to  the 
sampling  of  the  multiplicity  of  pieces  composing  a  lot  of  copper.     In  lot  sampliog 
a  single  hole  is  drilled  through  the  top  or  bottom  of  each  piece  of  a  definite  fractioo 
of  the  total  pieces  in  a  lot.    The  position  of  the  drill  is  changed  with  successive 
pieces  so  that  it  will  attack  in  turn  the  center  of  all  the  equal-sized  squares  compos- 
ing a  pattern  or  "  templet  "  which  will  exactly  cover  one-quarter,  one-half  or  the 
whole  of  the  top  of  the  average  piece.    The  squares  should  be  as  small  as  is  practi- 
cable to  drill,  about  1  in.     It  is  considered  the  best  practice  to  drill  one-half  of  the 
holes  in  blister  copper  top  to  bottom,  the  remainder  bottom  to  top,  also  wh«i 
drilling  according  to  a  quarter  or  half  templet,  to  change  hand  side  with  eveiT 
other  round  of  the  templet.    All  the  shavings  are  ground  to  pass  a  20-mesh  screen 
by  a  drug  mill  with  hard  steel  grinding  plates.    The  sample  of  lead  buUioD,  hke 
that  of  copper,  should  be  composed  of  the  due  proportion  of  particles  from  every 
part  of  the  single  piece.     The  end  is  attained  by  using  for  sample  the  sawdust 
from  complete  cuts  with  a  circular  saw  at  equal  and  definite  intervals  akmg  the 
length  of  the  piece.     In  lot  sampling  a  single  cut  is  made  in  a  definite  fractioD 
of  the  total  numl^er  of  pieces  in  the  lot.     The  position  of  the  cut  is  changed  with 
successive  pieces,  so  that  it  will  pass  through  the  longer  axis  of  each  of  the  equal- 
sized  rectangles  composing  the  pattern  or  templet  which  will  exactly  cover  one- 
half  or  the  whole  of  the  top, of  the  average  piece  of  the  lot.     To  make  accurate 
sampling  possible,  it  is  evident  that  the  pieces  composing  a  lot  of  either  copper 
or  lead  bullion  should  be  symmetrical  in  form  and  alike  in  size,  shape  and  grade. 
At  regular  intervals  during  the  process  of  pouring  lead  bullion  into  moulds,  sample? 
may  be  taken  in  the  form  of  shot,  but  most  satisfactorily  in  the  form  of  slu^or 
bullets,  each  weighing  close  to  the  amount  customarily  taken  for  assay  (|  or  1 
A.T.)  and  composed  of  the  entire  contents  of  the  ladle  used  for  dipping.    All  classes 
of  gold  or  silver  bullion  and  Dor^  metal  are  most  accurately  sampled  by  taking 
just  after  thorough  stirring  and  immediately  l)efore  pouring  several  dip  samples 
of  about  3  grams  each  with  graphite  ladles.    The  metal  is  allowed  to  cool  in  the 
ladle  or  may  be  granulated  by  pouring  into  warm  water.     When  the  lot  of  bullion 
is  large,  samples  are  taken  at  definite  and  regular  intervals  throughout  the  ladhog 
period.     Except  in  the  case  of  bullion  of  a  hfgh  degree  of  fineness,  sampling  ^ 
drilling  or  by  cutting  chips  from  the  corners  of  bars  is  not  as  satisifactory  as  the 
methods  described. 

References  on  the  Subject  of  Sampling 
Ores: 

Clarkson,  Jo.  Iron  and  Steel  Inst.,  1893,  131. 
Clarkson,  J.  Soc.  Chem.  Ind.,  1894,  214. 
Brunton,  Trans.  Am.  Inst.  Min.  Eng.,  25,  826. 
Brunton,  Trans.  Am.  Inst.  Min.  Eng.,  40,  567. 
Richards,  Ore  Dressing,  Vols.  2  and  3. 
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Copper  Bullion: 

Keller.  Trans.  Am.  Inst.  Ming.  Eng.,  27,  106. 

Wraith,  Trans.  Am.  Inst.  Ming.  Eng.,  Bull.  39,  209. 

Keller,  Eng.  and  Min.  J.,  April  6,  1912. 

Smoot.  Eng.  and  Min.  J.,  June  22,  1912. 

liddell,  Eng.  and  Min.  J.,  Nov.  12,  1910;  Dec.  16,  1911. 

Lead  Bullion: 
Roberts,  Trans.  Am.  Inst.  Min.  Eng.,  28,  413. 

Gold  or  Silver  Bullion: 

Rose,  "  Metallurgy  of  Gold.* 
Dewey,  Am.  Inst.  Min.  Eng.,  1909.    • 


FURNACE  OPERATIONS 

The  several  furnace  operations  employed  in  assaying  have  for  their  object: 

(1)  To  eliminate  in  part  or  entirely  from  the  material  undergoing  assay,  organic 
matter  and  such  elements  as  sulphur,  arsenic,  antimony  or  selenium  when  present  in 
sufficient  quantity  to  cause  excessive  reducing  effect  in  the  crucible  fusion,  interference 
with  decomposition,  mechanical  or  other  loss  by  either  method  of  fusion.  When  the 
operation  does  not  cause  greater  loss  of  values  than  its  avoidance  by  skillful  fluxing, 
efimination  by  combustion  or  roasting  is  practiced. 

(2)  To  produce  such  conditions  that  the  greatest  quantity  of  gold  or  silver  in  the 
matenal  subjected  to  assay  can  through  their  affinity  be  concentrated  in  molten  lead. 
This  is  brought  about  by  two  methods. 

a.  By  the  crucible  method,  the  material  is  mixed  with  no  larger  quantity  of  re- 
agents called  fluxes  than  will  form,  with  all  its  basic  or  acid  constituents  at  a  moderate 
temperature,  compounds  of  the  greatest  degree  of  fluidity.  Simultaneously  with  the 
progress  of  the  fusion,  lead,  generated  from  lead  oxide  by  an  added  reducing  agent  or  by 
the  property  of  the  material  itself,  percolating  the  fluid,  collects  the  precious  metals  and 
alflo  some  portion  of  such  other  constituents  which  combine  or  alloy  with  lead  under 
the  conditions  of  the  fusion. 

b.  By  the  BCoriHcation  method,  the  material,  in  contact  with  a  relatively  large 
mass  of  lead  in  shallow  dishes  called '  scorifiers,  is  decomposed  and  fluxed  chiefly 
by  lead  oxide,  the  greater  part  of  which  is  formed  by  the  action  of  atmosphere  on  the 
molten  lead.  When  the  proportion  of  volume  of  material  or  flux  is  not  too  great. 
the  fluid  slag  collects  about  the  sides  of  the  scorifier  leaving  the  surface  of  the  leaa 
exposed  to  oxidation,  which  may  be  allowed  to  progress  until  the  increasing  proportion 
of  slag  covers  the  lead.  The  precious  metals  and  a  portion  of  such  other  aUo^^able 
metals  in  the  charge  are  collected  by  contact  with  the  molten  lead.  During  scorifica- 
tkxn,  elements  forming  readily  volatile  oxid^  such  as  sulphur,  arsenic,  and  selenium 
une  in  process  of  elimination  in  the  form  of  vapor,  while  the  elements — iron,  manga- 
nese, antimony,  zinc,  cobalt,  tin,  nickel,  cadmium,  copper,  bismuth,  selenium  and 
tfeOurium — when  taken  up  in  one  form  or  another  by  lead  during  the  fusion  period  of 
the  operation,  are  carried  into  the  slag  at  rates  which  depend  in  part  upon  the  property 
to  oxidize  characteristic  of  the  element,  in  part  upon  the  concentration  of  the  element 
ji  the  lead,  and  in  part  on  the  properties  of  the  associated  elements. 

(3)  To  procure  with  the  least  loss  of  gold  and  silver  their  alloy  with  lead  in  the 
'orm  of  a  lead  button  which  can  be  cleaned  of  adherent  slag  and  is  of  suitable  size 
[10  to  20  grams)  and  sufficiently  free  of  base  elements  to  make  possible  by  the  operation 
jf  cupellation,  the  production  without  greater  loss  than  if  the  base  elements  were 
ibsent,  of  a  silver-gold  bead  of  normal  purity.  Size  of  button  is  controlled  in  scori- 
ication  by  observation,  in  crucible  fusion  by  incorporation  in  the  charj^  of  the  proper 
imount  (which  is  determined  by  trial  or  experience  with  similar  material),  of  oxidizmg 
^agents  when  the  material  has  an  excessive  reducing  property;  of  reducing  reagent 
?hen  the  material  has  not  an  excessive  reducing,  neutral  or  oxidizing  property.  Purity 
4  button  is  obtained  by  the  scorification  method  by  repetition  of  the  operation,  with 
iddition  each  time  of  lead  until  the  shade  of  color  of  the  glazed  portion  of  the  scorifier 
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or  appearance  or  properties  of  the  lead  button  indicate  to  the  experienced  operatcf 
the  presence  of  impurity  in  less  quantity  than  will  prevent  faultless  cupellation.  By 
each  method  the  amount  of  metallic  impurity  in  the  button  can  \ye  diminished  by 
increasing  the  proportion  of  litharge  in  the  char^.  With  increase  of  quantity  of  base 
element,  its  restramt  from  the  button  becomes  impracticable  by  the  crucible  method: 
purification  of  the  button  by  process  of  scorification  is  therefore  resorted  to  in  all  cases 
except  when  bismuth  or  copper  associated  with  selenium  or  tellurium  are  present. 
These  elements  are  best  eliminated  by  a  wet  method. 

(4)  To  separate  from  lead  which  may  contain  a  small  amount  of  other  metaJs  an 
alloy  of  the  precious  metals  in  weighable  form  and  in  a  definite  state  of  purity,  996-998 
fine. 

Separation  by  cupellation  is  effected  by  taking  advantage  of  the  noa-eusceptibility 
of  gold  or  silver  to  oxidation,  the  heat  of  formation  of  lead  and  other  metallic  oxides. 
the  fluid  character  of  lead  oxide  at  the  temperature  of  its  formation,  the  solubility 
of  a  limited  amount  of  metallic  oxides,  and  the  sparing  solubility  of  gold  and  silver  in 
fluid  lead  oxide,  the  perviousncss  to  fluid  lead  oxide  of  bone  ash  of  alx>ut  the  same  tem- 
perature and  the  ini perviousncss  of  the  same  material  to  molten  gold,  silver  or  lead. 

Consequent  to  the  furnace  operations,  except  when  it  is  known  that  gold  is  ak^ent, 
is  the  wet  process  of  separating  in  weighable  form  and  in  a  very  definite  state  of  purity 
(997  to  998  fine)  gold  from  silver  in  the  bead  obtained  by  cupellation. 

The  process  of  parting  depends  upon  the  fact  that  when  the  proportion  of  Kold 
in  the  alloy  is  not  too  great,  silver  can  be  dissolved  almost  completely  by  hot  dilute 
nitric  acid  with  but  small  corrosive  effect  upon  the  gold. 

Preliminary  to  furnace  operations,  it  is  advantageous  in  the  assay  of  sonoe 
classes  of  material  to  subject  tne  sample  to  treatment  by  nitric  or  sulphuric  acid  with 
the  oljject  of  eliminating  all  or  a  greater  part  of  the  base  elements  and  of  concentrating 
the  precious  metals  into  a  mass  of  small  volume.  The  procedure  is  practicable  when 
the  character  of  the  material  is  such  that  the  residue  resulting  from  the  treatment 
does  not  interfere  with  filtration  and  when  gold  is  not  dissolved  or  liberated  in  so 
fine  a  state  that  it  cannot  be  retained  by  a  filter.  Dissolved  silver  is  precipitated  as 
chloride,  bromide,  sulphide  or  metal.  Procedures  which  introduce  the  feature  of  pre- 
liminary acid  treatment  are  called  combination  methods. 

Silver  and  gold  are  retained  in  the  slag  from  both  the  crucible  and  scorification 
method  of  fusion.  When  the  product  of  assay  of  slag  is  added  to  the  result  of  the 
primary  operation,  the  assay  is  said  to  be  carried  out  with  slag  correction. 

Silver  and  gold  are  carried  into  the  cupel  to  a  greater  extent  per  unit  of  lead  elim- 
inated than  into  slag  by  scorification  of  lead  containing  the  same  concentration  of  pre- 
cious elements.  W  nen  the  silver  or  gold  so  retained  is  determined,  either  by  sub- 
jecting the  cupel  to  assay  processes  or  by  check  cupellation  of  a  known  and  similar 
quantity  of  the  precious  metals  under  the  same  conditions,  and  the  result  obtained  added 
to  the  product  of  the  primary  oi)eration,  the  assay  is  said  to  be  carried  out  with  correc- 
tion for  cupellation  loss. 

Corrected  assay  is  the  term  applied  to  the  result  which  includes  a  correction  for 
silver  and  gold  lost  into  the  slag  and  cupel.  It  is  not  customary  to  take  account  of 
the  fineness  of  the  silver  or  gold  mass,  or  of  gold  dissolved  in  the  operation  of  parting. 

Determination  of  gold,  even  when  silver  is  known  to  be  absent,  is  much  more  accu- 
rately made  by  weighing  the  product  of  the  operation  of  parting  its  alloy  with  a  suitable 
proportion  of  silver  than  the  gold  bead  resulting  from  cupellation.  Loss  of  gold  in 
cupellation  tends  to  decrease  with  increase  of  the  ratio  of  silver  present. 

The  precautions  taken  in  furnace  operations  to  prevent  abnormal  silver  loss  should 
be  observed  as  a  rule  in  the  assay  for  gold  only. 

Determination  of  silver  is  performed  b>  weighing  the  bead  resulting  from  cupel- 
lation and  subtracting  from  this  weight  the  amount  of  gold  obtained  from  the  operation 
of  parting. 

Influence  of  qxiantity  of  sample  taken  for  a  single  determination  can  be  derived 
relatively  from  Chart  Fig.  138,  which  shows  that  the  per  cent  of  loss  in  the  operation 
of  assaying  blister  copper  by  the  sulphuric  acid  combination  method  decreases  as  the 
proportion  of  precious  metals  in  the  charge  increases.  Cupellation  has  a  larger 
influence  ordinarily  in  this  direction  than  tne  operation  of  fusion.  The  fact  is  of 
consequence  in  the  assay  of  material  for  purchase  and  sale,  for  it  is  evident  that  imless 
the  valuation  be  made  on  the  basis  of  corrected  assay,  or  a  complete  understanding  by 
all  parties  interested  exists  as  to  the  details  of  the  methods  of  assaying  employed,  con- 
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i!versy  may  arise  because  of  the  consistently  higher  value  which  will  be  put  on  the 
iteiiai  by  the  assayer  who  uses  the  larger  assay  portion  in  his  practice.  For  in- 
inoe,  in  the  valuation  of  blister  copper  containing  50  ozs.  silver  per  ton,  should 
nyer  A  representing  one  party  be  in  the  habit  of  using  2  A.T.  assay  portions,  his 


10      20      ZO      40      50     60     .70      50     90    100 

AG.  M6H. 

Fig.  138. 

98.4 
iraluation  of  the  lot  will  be  on,  the  basis  of  —^  or  49.2  ozs.  per  ton,  while  B,  who  uses 

the  same  method  as  A  but  customarily  carries  out  his  operations  on  1  A.T.  portions, 
wrill  report  48.82  ozs.  per  ton,  or  a  result  about  0.8%  lower  than  A. 


ROASTING   INCINERATION 

In  laboratories  peiforming  many  assays  by  combination  methods,  incinera- 
tion of  filters  is  accomplished  by  placing  the  scorifiers  on  trays  which  fit  the  shelves 
of  an  oven  like  that  of  a  gas  stove.  The  furnace  muffle  is,  however,  commonly 
employed  for  the  purpose.  Loss  of  particles  of  the  charge  is  prevented  by  cov- 
ering the  folded  paper  with  granulated  or  sheet  lead  and  burning  slowly  at  a 
low  temperature.  Sprinkling  the  inside  of  filters  with  litharge  hastens  com- 
bustion. Carbonaceous  matter  in  material  like  reverberatory  or  blast-furnace 
flue-dust  is  removed  by  combustion  in  a  muffle.  The  same  matter  in  zinc  retort 
residue  cannot  be  removed  by  incineration  without  considerable  loss  of  silver. 
Roasting  of  pyritic  material  is  carried  out  on  the  portions  weighed  out  for  assay 
in  scorifiers  if  the  sulphur  has  little  other  metallic  base  than  iron;  in  large  roast- 
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CRUCIBLE  METHOD  OF  FUSION 

This  operation  may  be  performed  in  a  wind  or  crucible  furnace,  but  best  in  a 
mufBe.  If  the  furnace  is  to  be  used  for  crucible  fusion  alone,  the  muffle  need  have 
a  single  draft  hole  only  in  the  top.  Although  the  operation  is  less  subject  to 
irregularities  when  carried  out  in  a  muffle  tight  to  the  products  of  combustion, 
satisfactory  fusions  are  made  in  gas,  or  liquid  fuel  furnaces  from  which  the 
muffles  have  been  removed.  The  most  convenient  shape  and  size  of  crucible 
to  muffle  fusions  are  the  5,  10,  20  or  30  grams,  Colorado  form.  The  10  and 
sometimes  the  5-gram  crucible  is  used  for  fusion  of  filter  paper  residues 
from  combination  methods.  The  20-gram  is  used  for  J  A.T.,  the  30-gram  crucible 
for  1  A.T.  ore  portions.  The  cinder  from  roasted  fine  pyrite  mixed  with  water 
makes  a  good  paint  for  marking  crucibles  or  scorifiers. 

Litharge f  melting  at  888**  C,  is  a  basic  flux,  an  oxidizing  and  therefore  desulphuriz- 
ing agent.  It  is  the  source  of  raetaUic  lead  for  collecting  the  precious  metals.  With 
borax  it  forms  a  very  fluid  glass.  Its  functions  arc  expressed  by  the  following 
reactions: 


2PbO  -hSiOa  =  2PbO  •  SiO, 
PbO-hXaiCOs+SO, =Na,S04+Pb4-CO, 
ZnS  -h3PbO  =  ZnO  -h3Pb +S0, 
AgjS-f  2PbO  =2PbAg-hS0, 
PbS + 2PbO  =  3Pb +S0, 

Lead  oxide  dissolves  metallic  oxides, 
of  this  property. 


C+2PbO  =  2Pb+C02 
ShSz  -hOPbO = 9Pb +Sb20, +3S0, 
SbaSa  4-6Pb  O  =  PbsSb,  -f-SSOj 
2CU2S  -i-TPbO  -  2CuO +Cu,0  -f7Pb  +2SO1 
Sb2+3PbO = Sb20,-|-3Pb 

The  following  table  *    shows  the    extent 


Per  one  part  of ,   CujO 

Parts  of  litharge  required . .  j     1.5 


Per  one  part  of 

Parte  of  litharge  required. . 


SbOj 
5 


CuO 

1.8 

AsjO, 
0.8 


ZnO 

8 

AsaOft 
1 


FeaO* 
4 


FeaOa 
10 


MnO. 
10 


SnOj 
13 


SbsOs  is  very  soluble  in  litharge. 

Five  hundred  grams  of  lead  oxide  should-  contain  no  gold,  less  than  0.TX)05  gram 
silver,  and  no  bismuth.  According  to  the  amount  of  Htharge  used,  such  silver  as  it 
contains  should  be  deducted  from  the  weight  of  the  bead  in  the  assay  of  material  in 
which  the  normal  range  of  assay  error  is  measured  in  hundredths  rather  than  tenths  of 
an  ounce. 

Floated  silica,  analyzing  over  95%  SiOs,  and  so  fine  that  90%  wiU  pass  a  200-me8h 
screen  is  an  excellent  and  easily  obtainable  form  of  the  reagent.  Silica  in  the  form 
of  powdered  glass,  averaging  70%  to  75%  SiOs,  is  an  acid  flux.  Its  addition  to  a  basic 
charge  should  be  limited  to  the  formation  of  a  slag  which  is  less  than  a  bisilicate. 

Borax  glass,  Na«0-2Bs03,  melting  at  878°  C,  may  be  considered  an  acid  or  basic 
flux.  As  an  acid  flux,  it  combines  with  the  metallic  oxides  to  form  a  very  fluid  slag. 
As  a  basic  flux  it  may  be  employed  in  the  assay  of  acid  ores,  with  a  value  nearly 
equal  in  weight  to  that  of  litharge. 

Soduim  carbonate,  anhydrous,  melting  at  849°  C,  sodium  bicarbonate  which  com- 
mences to  decompose  at  270°  C,  and  potassium  carbonate,  anhydrous,  melting  at 
909°  C.  are  basic  fluxes.  Sodium  bicarbonate  in  its  decomposition  and  reaction  with 
silica  liberates   three   times  as  much  gas  i^er  unit  of  base  as  the  normal  carbonate. 

*  Hofman,  "MetaUurgy  of  Lead." 
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By  some  assayers  this  property  is  considered  a  virtue  on  account  of  the  stirring-up  acUon 
on  the  charge.  In  the  use  of  bicarbonate  the  danger  of  spoiled  assays  due  to  boiling 
over  and  mechanical  loss  through  dusting  is  great,  rotassium  cuix>nate  in  the 
form  of  refined  pearl  ash,  is  of  value  on  account  of  the  fluidity  of  the  potash  sili- 
cates. It  is  deliquescent  and  when  dried  and  in  form  for  use  as  a  flux  must  be  kept 
out  of  contact  with  moist  atmosphere.  Sodium  carbonate  is  used  in  the  form  of 
refined  soda  ash.  A  mixture  of  equal  weights  of  soda  and  pearl  ash  is  a  good  form 
of  flux.  Besides  its  function  as  a  base  for  silica  in  the  charge,  the  alkali  flux  operates 
to  increase  the  amount  of  lead  reduced  from  lead  oxide  by  a  sulphide. 

4Na2COa  -f  15PbO  -f  2FeS,  =  Fe,0,  -f  4C0,  -h  15Pb +4Na,S04. 

By  the  addition  of  3.1  parts  of  NasCOa,  23  parts  of  lead  are  reduced  by  1  part  of  sulphur. 
In  the  absence  of  the  alkaH,  the  reaction  would  be  FeStHh5PbO  =  FeO-h2Sbi+5Pb, 
according  to  which  only  16  parts  of  lead  are  reduced  by  1  part  of  sulphur.  The  reac- 
tion of  the  alkaU  flux  with  lead  sulphide  is  like  the  following: 

7PbS +4Na2CO,  =  4Pb +Na,S04+3(PbS  •  NajS)  +  4CO,. 

Reducing  Agents,  In  case  the  charge  h  not  of  a  reducing  nature,  one  of  the  reagents 
in  the  table  is  added  in  quantity  which  experience  with  the  same  type  of  material, 
knowledge  of  its  composition  or  preliminary  trial  indicates  is  sufficient  to  reduce  a 
suitable  amount  of  lead  to  collect  the  precious  metals. 

The  following  tabic  shows  the  approximate  reducing  power  of  the  reagents  in  com- 
mon use: 

Grams  lead  reduced  by  1  gram  of  reagent. 

22    -30  Charcoal 

6    -11  Argol  (crude  tartar) 

4.5-  6.5  Cream  of  tartar 

10  -15  Wheat  flour 
11.5-14.5  Sugar 

22    -25  Coal  or  coke 

1 1 . 5-13  Com  or  laundry  starch 

11  -12  Pyrite  (FeS,) 

To  assist  distribution  or  contact  with  the  largest  numl^er  of  particles  of  lithan^ 
it  is  of  advantage  to  use  an  agent  which  is  in  a  very  fine  state  of  division  and  of  low 
reducing  power  per  unit  of  volume.  Argol  is  a  popular  reagent.  The  writer  uses  starch. 
A  carbonaceous  reducing  agent  reacts  with  silicate  of  lead  with  a  sluggishness  which 
increases  with  the  silicate  decree  above  the  monosilicate,  but  the  presence  of  other 
bases,  especially  the  alkaline,  operates  to  make  the  reaction  more  complete. 

2PbC).SiO,+:Na,0+C=2Na20.Si02+C02+2Pb. 

Iron  in  the  form  of  twenty-penny  nails  or  J-in.  iron  wire  can  be  used  as  a  reducing 
agent  and  desulphurizing  agent  ui  the  assay  of  material  which  contains  little  or  no 
base  impurities,  such  as  copixjr,  tin,  antimony.  Its  functions  are  expressed  by  the 
following  reactions: 

Fe-fPbS  =  FeS+Pb 

Fe+FeS,  =  2FeS 

PbO+Fe  =  FeO-i-Pb 

2PbO  •  Si02 +2Fe  =  2FeO  •  SiO, +2Pb 

PbS  •  Na^S + Fe  =  FeS  -f  Na^S + Pb 

Potassium  nitrate,  saltpeter,  melting  when  pure  at  337**  C,  or  sodium  nitrate,  nitre, 
melting  when  pure  at  316°  C,  are  oxidizing  and  therefore  desulphurizing  agents.  Sodium 
nitrate  is  deliciuescent.  Either  salt  should  be  dried,  very  finely  pulverijed  and  kept 
in  a  stopjx?red  bottle. 

The  nitrates  decomi)ose  on  heating, 

2KN03=2KNOj+0,; 
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SLMxd  at  a  higher  temperature, 

2KN0, = K,0 -h2N0 +0. 
Their  behavior  in  fusions  is  illustrated  by  the  following  reactions: 

4FeS,  -h  lOKNO,  -  4FeO  -h  SKjSO* +3S0,  -f  5N, ; 

4ZnS -J-6KN0, = 4ZnO +3K8SO4 +S0, +3N2. 
'When  an  alkaline  base  is  present  the  reaction  is 

2FeS8+6KNOa+Na2CO,=Fe,Oa-h3K.4S04+Na2S04-hCO,-j-3N,. 
N'itrates  act  on  metallic  lead 

7Pb-j-6KN08 =7PbO  -f  SK^O-f  3Nt-h40s. 

Salt,  meltins  at  804°  C,  is  used  in  a  thin  layer  as  a  cover  over  the  top  of  the  charge 
in  the  crucible.  It  is  very  fluid  when  melted  and  having  a  low  gravity,  floats  on  the 
fusion.  Its  function  is  to  prevent  the  charge  from  boiling  over  or  spattering.  When 
moist  it  decrepitates  and  on  that  account  may  cause  loss  of  particles  of  the  charge. 
It  should  be  dried  before  use. 

Fltudng.  All  substances  from  which  precious  metals  are  to  be  effectively  col- 
lected by  crucible  fusion  must  necessarily  be  in  a  fine  state  of  division,  and  mainly 
composed  of  compounds  which  may  be  classified  as  acid  or  basic.  Acid  is  the 
characteristic  applied  to  material  which  contains  silica,  free  or  combined  with  too 
little  base  to  form  a  readily  fusible  substance.  Basic  is  the  term  applied  to 
metallic  or  earthy  oxides,  or  compounds  which  may  be  brought  to  the  state  of 
oxide  in  the  process  of  fusion.  In  this  form  they  are  capable  of  forming 
salts  with  silica.  These  salts  are  defined  by  the  ratio  to  each  other  of  oxygfen 
in  the  acid  and  base.  By  the  metallurgical  classification  their  names  are  as 
follows: 


Formula. 


4ROSi02.. 
2RO  SiOa.. 
RO  SiO,. . . 
4RO-3SiO, 
2R0.3SiO,. 


Name. 


Subsilicate 

Monosilicate 

Bisilicate 

Sesquisilicate 

Trisilicate 


Oxygen  Ratio 
I  Baae  to  Acid. 


2 
1 
1 
2 
1 


to 
to 
to 
to 
to 


1 
1 

2 
3 
3 


Example. 


4PbO  SiOa 

2Al,0,-3SiO, 

CaOSiO, 

4Mg0.3Si0.i 

2PbO-3Si08 


The  silicates  of  NajO,  KjO  and  PbO  are  readily,  MnO,  FeO,  and  CU2O,  less; 
and  MgO,  CaO,  and  AI2O3  difficultly  fusible.  To  make  the  refractory  silicates 
fusible  and  fluid  at  moderate  temperatures,  the  proportion  of  their  bases  should 
be  less  in  the  fusion  than  the  bases  of  the  readily  fusible  silicates.  Advantage 
is  also  taken  of  the  fact  that  the  multibasic  silicates  are  more  fusible  generally 
than  the  single  of  the  same  degree. 

A  rule  governing  the  fluxing  of  a  crucible  charge  is  very  definitely  stated  by 
Fulton,*  "  The  most  desirable  constitution  for  an  assay  slag,  in  general,  is  that  of 
a  monosilicate  or  sesquisilicate,  sometimes,  but  more  rarely,  a  bisilicate.  If  the 
ore  is  basic,  a  bisilicate  slag  may  be  approached,  if  acid,  a  monosilicate  or  even 
a  subsilicate.'' 

1  "  Fire  Assaying,"  2d  ed.,  69. 
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To  Form  a  Monosiucate  the  Requibement 


Na,0 

Per  unit  of  base,  silica  required 0.486 

Per  unit  of  silica,  base  required 2.06 

AUG, 

Per  unit  of  base,  silica  requirwl 0.886 

Per  unit  of  silica,  base  required i    1 .  13 


K,0 


CuO 


PbO 


0.320 
3.12 


0.135 
7.40 


ZnO 


0.379 
2.64 


0.371 
2.70 


MnO 


0.425 
2.35 


CaO 

0.359 
2.64 


FeO 


0.419 
2.37 


MgO 

0  748 
1.34 


A  crucible  fusion  should  not  be  fluxed  by  borax  or  litharge  alone.  No 
more  borax  should  be  used  than  is  required  to  combine  with  bajses  and  silica  in  the 
proportion  illustrated  by  the  equations: 

2(Na,0,  2B20a) -{-SiOa  -  2Na,0  •  SiO,+4B,0„ 

BjO,  -j-3FeO  =3FeO  •  B,0,. 

As  a  flux  for  silica,  6.7  parts  borax  will  take  the  place  and  can  be  substituted 
for  7.4  parts  litharge,  3.5  parts  NajCOj,  5.4  parts  NaHCOi  or  4.6  parts  KiCO:. 
As  a  flux  for  bases,  assumption  of  3R0,  B-Oa  works  out  well  in  practice. 


FeO 


Required  of  borax  per  unit  ofj 

base 0.937 


CaO 


MgO 


ZnO 


PbO 


1.20 


1.67 


0.807 


0.302 


''  In  the  fusion  of  a  mixture  containing  silica,  various  bases  and  borax  glass, 
that  silicate  borate  having  the  lowest  formation  point  will  form  and  then  as  the 
temperature  rises,  absorbs  either  silica,  base  or  both,  as  these  are  in  excess  of  the 
ratio  required  to  form  the  lowest  formation  point  compound.  If  the  temperature 
does  not  rise  high  enough  to  cause  this  absorption,  the  excess  of  silica  or  base  or 
both  will  remain  in  suspension  in  the  formed  silicate  borate,  practically  in  an 
unaltered  condition.'*  ^ 

Materials  intended  for  crucible  assay  are  characterized  according  to  their 
beha\'ior  toward  lead  or  lead  oxide  as  oxidizing,  reducing  or  neutral.  The  oxidiz- 
ing constituents  of  an  ore  are  practically  limited  to  FexOj,  FejO*,  MnOi  and  CuO. 
Substances  containing  unoxidized  sulphur,  antimony,  arsenic  or  carbon,  on  fusion 
with  litharge  produce  metallic  lead.  When  an  arsenide  is  present  with  iron, 
nickel  or  cobalt  a  brittle  fusible  substance  called  speiss  will  be  found  in  the  crucible 
above  the  lead.  Also  when  iron  is  present  and  the  quantity  of  litharge  has  not 
been  sufficient  to  oxidize  all  the  sulphur,  a  sulphide  compound  of  iron  and 
lead  called  matte  will  be  found  above  the  layer  of  speiss.  When  the  silver 
content  of  the  ore  is  small,  the  ore  can  be  roasted  in  the  manner  already 
described.  The  roasted  ore  then  as  a  rule  becomes  oxidizing  in  its  behavior. 
To  obtain  a  lead  button  of  suitable  size,  knowledge  of  the  oxidizing  power 


2  Fulton,  '•  Fire  Assaying,"  2d  ed.,  64. 


ASSAYING  FOR  GOLD   AND   SILVER  749 

of  the  ore  is  obtained  from  experience  or  by  trial  assay.     Having  once  determined 

the  reducing  power  of  the  reducing  reagent,  for  instance  starch,  by  fusion  of  its 

intimate  mixture  with  the  charge  without  the  ore,  J  A.T.  of  the  ore  is  roasted 

and  then  fused  with  50  grams  litharge,  2  grams  starch,  accurately  weighed  out,  10 

granLS  soda  ash  and  8  grams  silica.    A  thin  layer  of  borax  or  salt  covers  the  charge 

in  the  crucible.     If  the  reducing  power  of  the  2  grams  of  starch  is  known  to  be  22 

grams  and  only  15  grams  of  lead  are  produced  by  fusion  of  the  ore,  the  oxidizing 

2(22  —  15) 
power  of  the  ore  is  equivalent  to  — =0.636  gram  starch  per  half  A.T. 

2.636  grams  of  starch  therefore  should  be  used  to  obtain  a  22-gram  button. 

Since  roasting  causes  inappreciable  loss  as  a  rule  only  in  the  case  of  material 
of  low  silver  value,  oxidation  by  addition  of  nitre  to  the  fusion  is  the  more  generally 
practiced.  Theoretically  the  oxidizing  value  of  1  gram  of  KNOa  is  2.39  grams  of 
lead  according  to  the  reaction 

7Pb  -f  6KN0,  =7PbO  -f  3K,0  -f  6N  -f  80. 

The  reducing  power  of  Vs  A.T.  of  the  ore  is  determined  by  trial  fusion  with 
60  grams  of  litharge,  5  grams  silica,  7  grams  NajCOj  and  borax  cover.  Assume 
the  product  is  a  button  weighing  16  grams.  A  fusion  may  then  be  made  with 
the  same  charge  but  with  1  gram  of  nitre  added.  Assuming  the  product  of  the 
nitre  fusion  to  be  12  grams,  then  the  oxidizing  power  per  gram  of  nitre  is  16—12 
or  4  grams  under  the  conditions  of  the  fusion.  If  the  assay  is  to  be  made  on  a 
\  A.T.  portion  and  a  25-gram  button  is  desired,  then  (16x5)  — 25=55,  and 
J*  =  13.75  grams  nitre  to  be  added.  When  sulphur  is  oxidized  by  nitre,  care 
should  l)e  taken  that  sufficient  NaaCOj  is  in  the  charge  to  carry  out  the  reaction: 

6KNO,-i-Na,C03-l-2FeS,=Fe.O,+3K:304+Na.S04+6N+CO,. 

Theoretically  the  quantity  of  NaiCOj  required  is  0.84  of  the  sulphur  present 
or  0.175  of  the  nitre  used. 

The  oxidizing  power  per  gram  of  nitre,  when  sufficient  NazCOs  is  present, 
ranges  from  the  equivalent  of  4.7  to  5.6  grams  lead  in  a  litharge  soda  charge  and 
4.0  to  4.2  grams  in  a  charge  containing  so  much  silica  that  little  of  the  alkaline 
base  is  left  to  form  a  sulphate. 

In  practice,  the  requirement  of  quick  results  does  not  always  permit  of  trial 
assays  for  determination  of  oxidizing  or  reducing  power.  Estimation  of  the  re- 
ducing value  of  sulphide  ores  can  h^  made  by  experience  gained  by  observation 
of  the  proportion  of  heavier  sulphide  to  gangue  on  vanning  a  definite  weight  of  a 
sample  in  a  shovel  or  porcelain  spot  plate. 

Instead  of  weighing  out  each  of  the  fluxes  at  the  time  of  dressing  a  crucible, 
it  is  the  practice  to  make  up  for  each  type  of  ore  a  stock  mixture  of  all  or  part  of 
the  reagents  adapted  to  its  assay,  and  to  measure  out  the  flux  with  a  graduate. 

Oxidizing  and  reducing  reagents,  when  not  incorporated  in  a  stock  flux,  are 
weighed  out  carefully. 

The  following  are  examples,  the  first  from  Fulton  >  "  Reducing  flux  designed 
ta  give  a  22-gram  button  with  a  neutral  charge : 

»  "Fire  Assaying,"  150;  Hawley,  Eng.  and  Min.  Jo.,  89,  1122;  80,  647 
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Grams  per  |  A.T. 

PbO,       15    parts 60 

Na,CO„    4       ''    16 

Borax,       2       ''    8 

Flour,       0.44 ''   1.75 

"  A  scoopful  of  flux  weighing  84  grams  is  used  per  i  A.T. 
"  Non-reducing  flux  to  be  used  in  connection  with  nitre  for  sulphide  ores 
which  will  give  a  button  larger  than  22  grams. 

Grams  per  |  A.T. 

PbO,        15      parts 60 

Na,CO„    3  5      ''  14 

Borax,       2.5      ''  10 

Silica,        0.5      ''  2 

Nitre As  required 

''When  sulphide  ores  are  assayed  which  do  not  contain  sufficient  sulphides 
for  a  22-gram  button,  the  reducing  and  non-reducing  fluxes  are  mixed  in  sudi  pro- 
portion as  to  obtain  the  desired  result.  Ore  3.64  grams;  non-reducing  flux  50 
grams.  This  is  run  in  a  10-gram  crucible.  This  charge  will  give  a  lead  button 
weighing  as  much  as  the  nitre  necessary  to  oxidize  all  the  sulphides  in  a  0.5  A.T. 
portion  of  the  ore.  Place  the  lead  button  obtained  in  one  scale  pan  of  the  pulp 
scale  and  from  the  hook  above  the  other  suspend  by  fine  wire  a  weight  so  that  the 
wire  amounts  to  6  grams.  Then  add  nitre  ta  the  pan  having  the  6-gram  weight 
until  the  scale  is  in  balance.  The  amount  of  nitre  is  the  proper  quantity  neces- 
sary to  reduce  a  22-gram  button  with  the  ore  and  the  non-reducing  flux  is  0.5 
A.T.  be  taken  for  assay." 

The  following  stock  fluxes  are  used  by  a  well-known  New  York  firm  of  assayers. 

No.  1  flux  for  free  acid  ores  without  much  sulphides  or  reducing  agents. 


Soda  ash .  . 
Pearl  ash. .  , 

Silica 

Borax  glass 
Litharge. .  . 
Argol 


Lb«. 


61 
2i 
2i 
4 

12i 
i 


/O 


22.8 

8.8 

8.8 

14.0 

44.0 

1.7 


Grams  per  .*-T- 

31.9 
12.3 
12.3 
19.6 
61.6 
2.4 


Use  140  grams  per  A.T.  of  pulp.    Argol  may  be  increased  as  the  individual 
charge  re(iuires. 

No.  2  flux  for  basic  ores  without  much  sulphate  or  other  reducing  agents. 


Soda  ash .  . 
Pearl  ash. . 

Silica 

Horax  gla.ss 
Litharge..  . 
Argol 


Lbs. 


5 
2i 
4i 
4 

12* 
i 


17.2 
18.6 
15.5 
13.8 
43.1 
1.0 


Gntros  per  AT 


24.1 
12.0 

21.7 

19.3 

60.3 

24 
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Use  140  grams  per  A.T.  of  material.    Argol  may  be  increased  in  the  individual 
charge. 

No.  3  flux  for  heavy  copper  sulphides  containing  but  little  silicious  matter. 


Litharge. 
Soda  ash 
Silica.  .  . 


Lbs. 


40 

3§ 
4 


% 


84.2 
7.4 
8.4 


Per  i  A.T. 


252.6 

22.2 
25.2 


Use  200  to  300  grams  flux  per  i  A.T.  of  pulp,  less  for  lighter,  more  for  heavier 
sulphides.  Reduce  the  very  large  lead  button  weighing  90  to  120  lbs.  by  scori- 
fication.  Varying  mixtures  of  No.  1  and  No.  3  are  employed  for  sulphides  ores 
carrying  considerable  silica.  High  grade  litharge  free  of  bismuth  is  essential. 
Soda  ash  is  the  ordinary  high  test  commercial  variety.  All  ingredients  should 
be  finely  powdered  and  thoroughly  mixed  b}*^  repeated^'  passing  the  flux  through 
a  coarse  screen  or  by  turning  a  mixing  cylinder. 

By  the  following  method  *  a  large  excess  of  litharge  is  supplied  to  dissolve  or 
prevent  reduction  of  metal  oxides.  Because  the  silver  loss  into  the  slag  tends  to 
increase  with  excess  of  litharge  and  volume  of  the  slag,  the  method  is  applicable 
to  material  which  contains  copper  or  other  metals  in  such  quantity  that  repeated 
scoriflcation  is  required  to  complete  their  removal  when  a  less  proportion  of  litharge 
is  used. 

The  type  of  charge  per  crucible  usually  is: 

Ore 0.25^.5  A.T. 

PbO 8-10       *' 

NajCOa      12  grams 

SiOs 10     '♦ 

Nitre  or  reducing  agent  in  quantity  sufficient  to  obtain  a  20-gram  button. 

Proportion  of  PbO  to  assay  portion  is  increased  or  diminished  according  to 
experience  with  the  kind  and  quantity  of  metal  which  is  to  be  kept  from  the 
button. 

The  iron  nail  method  is  applicable  to  sulphur-bearing  ores  which  do  not  con- 
tain much  copper  or  other  impurities  alloyable  with  lead. 

Since  iron  reduces  PbO,  the  amount  of  litharge  in  the  charge  is  limited  to  25  to 
30  grams.  The  slag  should  be  below  the  monosilicate  and  the  charge  should  be 
sufficiently  high  in  soda  to  make  certain  the  completion  of  the  reaction  7PbO  -hFeS« 
+2Na,CO,=7PbH-2Na^S04-l-FeO+2C02,  else  matte  will  be  formed.  ^Vhen 
arsenic  is  present  the  temperature  should  not  be  above  1050°  C.,«  else  speiss  may 
form.    A  typical  charge  is: 

Grams. 

Ore 0.5 

Na^COi 20 

PbO 30 

SiO, 2 

Borax 8 

Iron  equivalent  to  three  twenty-penny  nails  is  introduced  in  such  a  form  and 

*  Perkins,  Trans.  Am.  Inst.  Min.  Eng.,  31,  913. 
«  Fulton,  "  Fire  Assaying,"  122. 
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manner  that  just  before  pouring,  the  portion  above  the  charge  can  be  seixed 
firmly  by  suitable  tongs,  freed  of  adherent  lead  by  knocking  against  the  side  of 
the  crucible  and  then  withdrawn. 

Ores  containing  a  great  deal  of  silica  and  little  of  metallic  oxides  may  be 
fused  with  a  charge  similar  to  the  following: 

Ore J  A.T. 

PbO 30  granLs 

NajCOa 30     ** 

Reducing  agent  sufficient  to  produce  a '20-gram  button. 

In  the  assay  of  ores  containing  selenium  or  tellurium,  these  metals  must  be 
practically  eliminated  from  the  lead  before  cupellation.  Both  have  a  great  affinity 
for  lead  and  copper  and  unless  the  fluxes  are  well  proportioned  and  the  fusion 
skillfully  carried  out,  the  product  will  be  a  brittle  button  which  cannot  be  detached 
from  the  slag.  Tellurium  reacts  with  litharge  at  moderate  t-emperature.  700 
to  900°  C*  before  sihcates  of  lead  are  formed,  according  to  the  reaction  2PbO+Te 
=  PbaO-|-TeO.  Partial  reversion  of  the  reaction  takes  place  during  the  forma- 
tion of  silicates.  When  litharge  has  reacted  sufficiently  to  form  silicates  there  is 
no  longer  any  oxidizing  effect  on  tellurium.*  In  the  assay  of  gold  telluride  ores 
it  is  the  best  practice  to  make  a  crucible  fusion  with  a  large  quantity  of  litharge 
and  to  cupel  directly  or  after  scorification.  The  passage  of  tellurium  into  the 
slag  is  more  complete  in  the  case  of  a  basic  than  an  acid  slag.  The  following  are 
type  charges :  =» 


Flour. .  . . 

Ore 

Litharge. 
Na^COs . 
K2CO3. . . 
Borax...  . 
Charcoal. 
NaHCOa 


Hillcbrand  and 

Allen's  charge  for 

Cripple  Creek  Ore. 


Silicious  Ore  with 

Slight  Reducing 

Power. 


1  A.T. 
6  A.T. 


10  grams 

when  required 

when  required 

1  A.T. 


0.5  A.T. 

100 
30 

grams 

6 

1 1 

1. 

1     '* 

Cripple  Creek  Ore 
Containinir  15-25^; 
AbOt. 


0.5  A.T. 
45.5grains 

9 
10  5 

8.5 


<« 


(( 


i< 


1.5 


(i 


Litharge  cover.     Salt  should  not  be  used. 

The  fusion  of  1  and  2  should  be  carried  out  at  a  low  temperature  95O-10C0°  C, 
for  45  minutes,  and  finished  by  quickly  raising  the  temperature,  for  a  short  period. 
Fusion  of  3,  which  is  not  an  excess  litharge  charge,  is  conducted  at  a  tempera- 
ture above  the  melting-point  of  gold,  1063°  C,  for  the  same  length  of  time. 

Silicious  furnace  by-products  from  the  smelting  of  electrolytic  slime  from  a  copper 
refinery  may  contain  selenium  and  tellurium  in  much  larger  percentage  than  is  usual 
in  ores.  Esix^cially  when  associated  with  copper,  uniform  results  are  most  certainly 
obtained  by  a  crucible  fusion  with  a  large  excess  of  htharge  of  the  largest  assay  portion 
which  will  produce  a  button  which  can  l:)e  detached  from  the  slag.  Copper,  selenium 
and  telluriuiu  are  removed  by  wet  treatment  described  on  page  772. 

In  the  assay  of  zinc-bearing  material,  loss  of  the  precious  metals  through 
entrainment  may  be  great  if  in  any  part  of  the  process  fume  of  zinc  oxide  is  evohTd. 

*  Smith,  Trans.  Inst.  Min.  and  Met.,  17,  473. 

« E.  A.  Smith,  "  Assay  of  the  Precious  Metals,"  227. 

^Fulton,  Fire  Assaying,  131-136. 
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On  that  account,  whenever  it  is  practicable  material  containing  metallic  zinc 
should  be  subjected  to  acid  treatment  preliminary  to  the  furnace  operation.  Loss 
into  the  slag  may  occur,  through  incomplete  decomposition  on  account  of  the 
refractoriness  of  zinc  silicate  or  because  of  the  low  solubility  of  zinc  oxide  in  litharge. 
The  following  is  a  type  charge  for  J  A.T.  of  ore  containing  a  high  percentage 
of  zinc  sulphide. 

Grams. 

Litharge 100-200 

Soda 10-15 

Silica • 5-  10 

Borax 5 

Nitre  sufficient  to  produce  a  20  to  25-gram  button.    Borax  glass  cover. 

The  final  temperature  of  the  fusion  should  be  about  1 100°  C. 

When  antimony  in  quantity  is  present,  the  crucible  charge  should  contain  a 
larger  proportion  of  either  litharge  or  soda.  The  following  are  type  charges  for 
§  A.T.  of  an  ore  containing  a  high  percentage  of  sulphide  of  antimony. 


No.  1.* 
Grams. 


litharge. 

Soda 

Borax.. . 
Silica.  .  . 


150 

10 

6 

10 


No.  2.t 
Grams. 


50 
35 
10 


*  Fulton.  Manual  of  Fire  Assaying.    140. 

t  E.  A.  Smith,  Assaying  of  Precious  Metals,  222. 

Nitre  sufficient  to  produce  a  25-gram  button. 

Salt  used  as  cover. 

As  a  rule  a  little  antimony  will  contaminate  the  button  and  should  be  removed 
by  a  five  or  ten-minute  scorification  with  about  10  grams  of  litharge. 

In  the  assay  of  tin  ores  or  concentrates,  consideration  must  be  given  to  the 
low  solubility  of  tin  oxide  in  litharge.    The  following  are  type  charges: 


No.  2* 


Ore 

Litharge. 
Soda..  .  . 
Borax. .  . 


i  A.T. 
35  grams 
25     *' 

5     " 


*  Bannister,  Trans.  Inst.  Min.  and  Met.,  16,  513. 

Reducing  agent  sufficient  to  produce  a  20-gram  button. 

By  method  No.  2  it  has  been  found  necessary  to  clean  the  slag  when  the  ore 
contains  over  1  oz.  of  gold.  The  slag  is  therefore  pulverized  and  fused  with  a 
mixture  of  20  grams  litharge,  6  grams  soda  and  sufficient  reducing  agent  to 
produce  a  20-gram  button. 

Nickel  and  cobalt  silver  ores  always  contain  arsenic,  usually  antimony  and 
acnnetiraes  as  much  as  10%  of  silver,  of  which  a  portion  may  be  in  the  form  of 
large  particles  of  very  pure  metal.  Handy*  describes  the  following:  The  charge 

*  Eighth  Int.  Cong.  Appl.  Chem.,  1912,  Sect.  IIIA. 
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for  the  crucible,  0.2  oz.  pulp,  12  grams  KjCOj,  12  grams  Na»COj,  6  grams  borax, 
60  grams  litharge  and  1  gram  of  flour.  ^*  These  are  mixed  by  rolling  in  a  rubber 
cloth,  transferred  to  a  crucible,  covered  with  borax  glass  and  heated  to  a  medium 
red  heat  for  twenty  minutes.  The  door  of  the  gas-fired  mufSe  is  then  shut  and 
the  crucible  heated  to  a  bright  yellow  for  thirty  minutes." 

The  following  are  efficient  charges  employed  in  the  process  of  corrected  assay. 
Because  calcium  phosphate  is  not  decomposed  by  the  fusion,  it  is  necessary  in 
the  assay  of  the  cupel  that  it  should  be  very  finely  powdered — no  coarser  than 
120  mesh. 


Material 
Litharge. 
Soda. .  . . 
Borax. .  . 


100  parts 
25      *' 
10      '* 

5     ** 


Saturated  PoitMW 
of  Cupel. 


100  parts 
100     ** 

40     '' 
75     ** 


Reducing  agent,  sufficient  to  produce  a  20-gram  button,  is  added  and  thoroughly 
mixed  with  each  material  while  it  is  being  pulverized.  Salt  is  used  for  cover. 
The  fusion  of  the  cupel  powder  should  be  finished  at  a  high  temperature.  The 
button  from  slag  containing  copper,  antimony,  tin,  nickel  or  cobalt  may  require 
scorification  with  addition  of  lead  before  it  becomes  suitable  for  cupellation. 
Purification  of  the  lead  button  may  also  be  accomplished  by  melting  it  in  a  cmdble 
or  scorifier  with  litharge  sufficient  to  cover  it  and  a  pinch  of  silica  or  borax. 
When  the  slag  is  fluid,  the  crucible  is  given  a  rotary  motion,  either  within  or 
without  the  furnace.  This  treatment  is  continued  at  inten^als  for  five  to  ten 
minutes  before  pouring.     ' 

In  the  conduct  of  the  crucible  method,  it  is  of  extreme  consequence  when  the 
material  is  neutral  or  oxidizing  in  its  action  that  there  should  be  v«y  intimate 
mixture  of  the  assay  portion  with  the  reducing  agent  and  with  litharge.  WTien 
reducing  in  action,  the  finely  pulverized  nitre  should  be  thoroughly  mixed  with 
the  assay  portion. 

The  operation  of  mixing  is  conveniently  accomplished  by  use  of  a  10-  or  124n. 
porcelain  mortar  with  glazed  inner  surface,  or  by  rolling  on  a  30-in.  square  piece 
of  smooth  rubber  cloth.  Soda  should  be  well  mixed  with  the  charge  but  not 
necessarily  so  intimately  as  to  lose  its  identity.  Silica  and  borax  may  be  roughly 
mixed.  The  use  of  a  cover  of  salt  or  borax  is  of  advantage  in  all  fusions  in  which 
much  gas,  COa,  CO,  SOa  or  HaO  is  liberated. 

Salt  is  not  recommended  as  a  cover  of  charges  high  in  silver  or  gold.  If 
the  crucible  is  heated  too  slowly,  the  greater  part  of  the  lead  may  be  reduced 
and  run  to  the  bottom  of  the  crucible  before  complete  decomposition  of  that 
constituent  of  the  ore  which  carries  the  precious  metal  has  taken  place.  Wlien 
heated  too  speedily,  that  compound  of  base  and  borax  with  the  silica  of  the  ore 
which  has  the  lowest  formation  point  will  sink  to  the  bottom  of  the  charge, 
leaving  a  pasty,  unbalanced  charge  above.  Moreover,  evolution  of  the  gases 
may  not  only  cause  mechanical  loss,  but  on  account  of  their  expulsion  before  the 
material  undergoing  assay  is  entirely  decomposed,  the  effect  of  their  stirring 
action  is  lost. 

Fusion.  As  a  rule  it  is  good  practice  to  place  crucible  into  a  muflie  which  is 
at  about  850  to  900**  C.  The  introduction  of  the  crucibles  cool  the  furnace  to 
about  550  to  600**  C.    Without  altering  the  sate  of  introduction  of  heat  to  the  fur- 
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nacc,  the  flow  of  heat  to  the  iTueiblc  chaise  coiitiiuies  until  itt  the  end  of  twenty- 
fi\'e  to  thirty  minutes  evolution  of  gas  ceases.  The  fire  in  then  urged  for  ten  to 
fifteen  minuteH  until  a  temperature  <if  alxiut  1100°  is  reached,  when  the  crucibles 
are  withdrawn  from  the  mufHe  and  poured  into  a  dry,  clean,  shallow-bottomed  or 
conical  moul<].  The  slag  should  he  very  fluid  and  free  of  any  evidence  of  unde- 
compose<!  ore.  If  the  slag  is  pasty,  the  necewtity  of  modifying  the  flux  is  indicated. 
If  the  nature  of  the  flux  is  such  that  the  crucible  is  very  much  corroded,  it  is 
good  practice  to  p<iur  ofT  moi<t  of  the  slag  and  permit  the  lead,  covered  with  slag, 
to  solidify  in  the  crucihle, 

SCORIFECATEON 

Scorification  is    most   efficiently  carried    out    in  a  muffle  sealed  from  the 
products  of  combustion  and  having  a  rectangular  opening  in  the  back  nearly  the 
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full  width  of  the  muffle  and  about  on  the  level  with  the  top  of  the  scorifiers.  The 
opening  should  be  connected  with  a  flue  pipe  fitted  close  to  the  furnace  with  an 
eaoily  controlled  damper.  The  draft  head  from  a  chimney  10  ft.  in  height  is 
effective.  The  life  of  a  muffle  is  prolonged  by  a  layer  of  bone  ash  or  silica  sand 
over  its  floor  and  by  adequate  support  of  the  entire  bottom.  Mixture  of  1  part 
fire-clay  with  3-4  parts  silica  sand  serves  well  lo  lute  the  muffle  to  the  furnace. 
Alundum  cement  is  better  for  filling  cracks  in  the  muffle. 

The  beat  form  of  scorifier  k  the  Bartlett  sha|w.  The  nearly  flat  bottom  of 
this  type  gives  room  for  a  lai^ter  accumulation  of  slag  al>out  the  molten  lead 
tiun  a  rounder  bottomed  scorifier  of  the  same  diameter.     The  sizes  of  scodflcr 
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commonly  employed  are  the  2, 2\,  and  3  inch.  For  the  fusion  of  ore  or  other  male- 
rial,  when  it  is  of  advantage  to  use  as  large  as  possible  charge  of  either  assay 
portion  or  of  lead,  the  3-in.  size  is  employed.  For  the  fusion  of  filter  piaper  residue, 
from  which  a  moderate  quantity  of  impurity  such  as  copper,  silica  or  iron,  is  to 
be  removed,  the  2i-in.  size  is  adapted.  The  2-in.  size  is  used  for  filter  paper 
residue  of  small  volume,  which  contains  so  little  impurity  objectionable  in  the 
process  of  cupellation  that  only  short  scorification  is  required. 

Moisture  and  especially  salts  absorbed  by  a  scorifier  will  cause  spurting  of  the 
lead  during  scorification.  For  this  reason,  scorifiers  should  be  kept  dry,  and  those 
intended  for  reception  of  moist  substances  should  be  first  glazed  with  lead  borate 
or  silicate,  or  lined  with  a  single  sheet  of  lead  foil. 

The  reagents  used  are  limited  to  granulated  test  lead,  sheet  lead,  borax  ^asB, 
silica  and  litharge. 

Granulatid  lead  is  commonly  of  such  degree  of  fineness  that  50%  or  more  wiQ  pis 
a  60-me8h  screen.  The  sheet  lead  most  generally  used  weighs  1.5  to  1.75  grams  per 
square  inch.  The  amount  of  gold  in  500  grams  of  lead  ^ould  be  and  generally  is 
unweighable.  While  the  lead  should  contain  no  bismuth  or  silver,  it  too  frequeoth 
carries  as  much  as  0.005%  of  bismuth,  and  0.0002%  of  silver.  The  silver  content 
should  be  known  and  correction  on  account  of  it  should  be  applied  to  results  fnmi 
material,  the  assay  error  of  which  is  measured  in  hundredths  rather  than  tenths 
of  a  milligram. 

Borax  glass  alone  is  alwa3r8  used  as  a  flux  for  silicious  material.  Silica  alone  is  used 
in  all  rescorifications.  A  mixture  of  equal  parts  of  borax  and  silica  is  used  to  flux 
basic  charges. 

Litharge  mixed  with  the  assay  portion  of  any  refractory  material  increases  the  rate 
of  its  decomposition. 

The  scorification  method  is  especially  applicable  to  the  fusion  of  filter  paper 
residue  in  combination  methods  of  assaying,  to  gold  or  silver  ores  and  to  cop- 
per or  lead  refinery  by-products  which  are  so  rich  that  0.1  or  0.05  A.T.  con- 
stitutes the  test,  portion,  and  to  the  assay  for  gold  in  material  in  which  gold 
Ls  less  and  silver  more  accurately  determined  by  combination  methods,  such 
as  some  high  copper  ores,  furnace  and  refinery  products.  Scorification  l< 
employed  to  purify  lead,  either  as  sample  or  the  product  of  the  crucible  fusion, 
of  impurities  which  are  objectionable  in  the  process  of  cupellation.  The  scorifi- 
cation method  of  fusion  can  be  applied  to  low-grade  silver-and  gold-bearing 
silicious  material,  but  usually  gives  the  lower  result  and  requires  more  furnace 
space  and  attention  of  the  operator  than  the  crucible  method.  Of  such  material, 
it  is  the  practice  to  make  fusions  of  portions  of  0.1  to  0.25  A.T.  each,  and  on  the 
single  button  or  on  combinations  of  the  buttons,  with  or  without  addition  of  more 
lead,  second,  third  or  even  fourth  scorifications  are  made  until  a  button  of  suitable 
purity  and  size  is  obtained  which  represents  0.5  or  1  A.T. 

The  size  of  charge  and  detail  of  method  of  manipulation  to  produce  the  button 
for  cupellation  in  the  assay  of  any  single  type  of  material  depends  upon  the  size 
and  shape  of  muffle  and  scorifiers,  and  the  quality  of  draft.  For  instance,  with  a 
muffle  of  0  ins.  or  more  of  inside  height,  having  a  draft  hole  and  flue  area 
10-12%  of  the  area  of  cross-section  of  the  inside  of  the  muffle,  it  is  posRible  to 
scorify  at  the  back  of  the  muffle  without  pouring  off  the  slag  60  grams  of  lead 
in  a  3-in.  Bartlett-shaped  scorifier  of  American  manufacture,  to  a  15-  to  20-gram 
button.  While  a  30-  to  50-gram  button  will  be  the  product  of  the  scorification  in 
a  muffle  of  such  low  form  that  it  is  difficult  to  keep  the  surface  of  the  slag  cool, 
or  in  one  imequipjiecl  to  maintain  a  rapid  rate  of  oxidation,  or  in  a  scorifier  of 
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smaller  size,  or  of  the  same  diameter  but  of  a  shape  which  does  not  provide 
amply  for  accumulation  of  slag  before  the  lead  becomes  covered. 

The  ratio  of  weight  of  assay  portion  to  that  of  lead  is  limited  by  the  specific 
volume  of  the  material  and  by  the  characteristic  solubility  of  the  actual  and 
pK>tential  bases  and  of  silica  by  lead  oxide. 

The  volume  of  the  assay  portion,  except  in  the  case  of  material  which  is 
wholly  metallic,  when  mixed  intimately  with  one-half  of  the  charge  of  granulated 
lead,  should  be  no  greater  than  can  be  covered  by  the  remainder  of  the  charge,  else 
a  part  of  the  assay  portion  may  adhere  to  the  side  of  the  scorifier  out  of  contact 
with  the  slag.    The  assay  portion  should  be  no  greater  than  will  be  completely 
dissolved  by  flux  and  lead  oxide  during  the  first  few  minutes  of  the  scorifi- 
cation  with  formation  of  much  less  volume  of  slag  than  will  cover  the  molten 
lead,  else  particles  of  the  assay  portion  may  float  to  the  side  of  the  scorifier 
and  will  remain  undecomposed  because  out  of  reach  of  the  portion  of  the  slag 
which  is  in  active  circulation.     In  the  dry  or  *'  all-fire  "  assay  of  metals  alloyable 
with  lead,  the  proportion  of  the  assay  portion '  and  the  concentration  of  metals 
during  the  first  or  succeeding  scorifications  should  be  no  greater  than  will  allow 
of  the  ready  solution  of  the  oxides  by  lead  oxide  at  the  rate  of  its  formation,  else 
a  solid  scum  of  oxide  may  form  bver  the  lead,  preventing  further  scorification;  or 
the    oxides    may  aggregate   in   pasty   lumi)s    which  tend  to  retain  values  in 
the  slag.     Oxidation  of  the  metals  progresses  in  approximately  the  following 
order:   iron,  zinc,  tin,  arsenic,  antimony,  lead,  cobalt,  nickel,  copper,  bismuth, 
selenium  and  tellurium.    It  is  sometimes  impracticable  to  eliminate  completely 
the  last  three  elements  from  lead  by  process  of  scorification.    Because  of  their  effect 
on  the  bead  obtained  by  cupellation,  whenever  consistent  assays  for  silver  are 
sought,  they  are  best  removed  from  the  lead  button  by  the  method  described  on 
page  772.     The  presence  of  selenium  unassociated  with  other  colored  oxides  is  indi- 
cated by  a  ruby-colored  slag.    Tellurium  gives  a  dark  stain  over  the  bottom  of  the 
scorifier.    Antimony  is  indicated  by  orange-yellow  patches  on   the  scorifier. 
Iron  gives  a  reddish  brown,  cobalt  a  brilliant  blue  and   nickel  a  light-brown 
color  to  the  scorifier  glaze.    Copper  is  oxidized  comparatively  slowly  by  scori- 
fication and  the  progress  of  its  elimination  by  repeated  scorification  is  indicated 
by  the  shade  of  the  green  glaze  on  the  scorifier.     When  the  concentration  of 
copper  in  the  lead  has  been  reduced  to  such  an  extent  that  the  lighter  shades 
of  green  are  obtained,  the  experienced  operator  is  able  to  judge  by  observation 
of  the  size  of  button  and  the  depth  of  color  of  the  scorifier  how  much  lead  is 
required  in  the  charge  for  final  scorification,  and  when  the  button  is  sufficiently 
free  of  copper  to  permit  of  cupellation.    A  10-gram  button  suitable  for  cupellation 
should  be  from  a  scorifier  which  is  no  darker  than  a  very  light  apple  green;   a 
20-gram  button  may  be  from  a  somewhat  deeply  shaded  scorifier.    If  too  little  flux, 
silica  or  borax  is  supplied  to  a  scorification,  the  scorifier  is  apt  to  be  so  deeply 
corroded  or  pitted  that  lead  will  be  retained,  while  if  too  much  borax  is  added  the 
slag  will  be  so  viscous  as  to  prevent  aggregation  of  the  particles  of  lead. 

Silica,  if  unmixed  with  the  assay  portion,  may  be  added  in  moderate  excess, 
but  may  give  some  trouble  in  pouring.  It  is  not  uncommon  practice  to  make 
a  poor  batch  of  scorifiers  usable  for  assay  of  basic  material  by  tamping  a 
layer  of  fine  silica  over  the  bottom  of  each  dish.  In  the  assay  of  basic  or 
acid  ores  or  furnace  products,  as  quick  fusion  as  posisible  should  be  made.  The 
scorifiers  are  put  into  a  muffle  having  a  temperature  between  1050**  and  1100° 
C.  and  the  door  and  damper  are  closed  tightly  until  (within  ten  minutes)  the 
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scorifiers  are  of  the  same  temperature  as  the  muffle.    The  door  and  damp^  ue 
then  opened  and  by  regulation  of  the  means  of  supplying  heat,  the  scorificatioD 
is  conducted  at  as  low  temperature  as  is  practicable,  until  expterience  indicates 
that  the  buttons  are  of  the  size  desired.    The  temperature  of  the  muffle  is  then 
raised  by  closing  the  door  and  urging  the  fire  for  several  minutes,  when  the  con- 
tents of  the  scorifiers  are  poured  into  shallow  iron  moulds.    Pouring  with  certaintr 
of  not  shotting  the  slag  is  made  easy  of  accomplishment  by  use  of  a  mould  no 
deeper  than  will  just  hold  the  contents  of  the  scorifier,  tongs  with  a  very  short 
prong  on  the  pouring  side  and  a  motion  which  introduces   the  greater  part 
of  the  slag  a  distinct  interval   before  the  lead  is  allowed   to   flow  without 
much  drop  into  the  middle  of  the  mould.     When  the   scorifier  remains  io 
the  furnace  for  some  time  after  the  lead   is   submerged,   the  slag  beoomes 
pasty  and  tends  to  cause  more  or  less  loss  of  lead  in  pouring.    Thickening  of  the 
slag  through  entrance  of  the  constituents  of  the  scorifier  is  also  brought  about 
even  before  the  lead  is  closed  over,  when  the  scorification  is  carried  out  at  too  a 
high  a  temperature  or  under  any  condition  which  causes  corrosion  of  the  scori- 
fier at  a  greater  rate  than  the  production  of  the  quantity  of  lead  oxide  requisite 
to  keep  the  slag  fluid. 

Rescorifications  to  purify  or  concentrate  the  buttons  are  made  at  as  low  tem- 
perature as  possible .  Scorification  of  filter  paper  residues  containing  little  else  than 
gold  and  a  silver  precipitate  may  be  commenced  at  a  low  temperature,  but  such 
as  contain  sulphur  in  any  form  should  be  started  at  a  high  temperature,  else  a 
portion  of  the  sulphur  oxidizing  to  SO4  forms  with  the  base  of  the  borax  flux, 
sodium  sulphate,  which  may  cover  the  lead  and  prevent  oxidation  of  the  sulphur 
which  has  combined  to  fonn  lead  sulphide. 

Placing  powdered  charcoal  on  the  surface  of  the  slag  before  raising  the  tem- 
perature to  pour,  is  not  an  effective  method  of  cleaning  the  slag  or  of  making  an 
assay  with  slag  correction.  Because  it  introduces  a  factor  likely  to  be  pergonal 
and  not  wholly  under  control,  the  practice  is  not  good  in  the  appraising  assay  of 
commercial  material. 

Type  Schemes.  The  follo>^ing  are  illustrative  of  the  details  of  manipulation 
of  the  scorification  method  of  fusion,  purification  of  lead  and  preparation  of  the 
button  for  cupellation. 

Cobalt,  Nickel  Silver  Ore.  For  each  test  of  an  ore  containing  over  2000  to  4000  01. 
per  ton,  a  button  representing  J  A.T.  is  cupelled.  For  each  test  of  an  ore  containinj[ 
1000  to  2000  oz.  per  ton,  a  button  representing  i  A.T.  is  cupelled.  For  each  test  (if 
an  ore  containinK  less  than  1000  oz.  a  button  representing  1  A.T.  is  cupelled.  For 
each  test  of  the  metallic  scale,  which  is  quite  pure  silver,  a  button  representing  A  -^•^• 
is  cupelled.  Of  the  2000  oz.  ore,  1  A.T.  is  weighed  out  and  mixed  on  smooth  paper  or 
rubl)cr  cloth  with  90  Rranis  of  finely  granulated  lead  and  9  grams  powdered  Iwrax 
glass.  The  charge  is  distributed  Ixjtween  three  3-in.  scorifiers  and  esich  portion  is 
covered  with  30  grams  of  lead.  Scorification,  commencing  at  a  high  teniperature,  is 
continued  at  a  low  temperature  until  15-  to  20-gram  buttons  are  produced.  The  buttons 
are  combined  in  a  single  .'^in.  scorifier,  and  rescorified  to  production  of  a  15-  to  20-^Taro 
button  which  rcpresc>nts  J  A.T.  Of  the  1000  to  2000  oz.  ore,  J  A.T.  is  weighed  out. 
mixed  with  150  grams  of  lead  and  15  grams  powdered  borax,  and  distribute  among 
five  3-in.  s(;orifiers.  The  content  of  each  scorifier  is  covered  with  20  grams  of  lead. 
After  scorifi(^ation  to  |)roduction  of  10-  to  15-gram  buttons,  all  the  buttons  are  combineii 
in  a  single  3-in.  scorifier  and  scorified  to  production  of  a  15-  to  20-grain  button.  The 
1000  oz.  or  less  ore  is  treated  in  exactly  the  same  manner  as  the  1000-  to  2000-os.  gra<ie 
with  the  exception  that  two  lots  of  i  A.T.  each  are  weighed  out  and  distributed  among 
two  groups  of  five  scorifiers  each.  The  two  buttons  resulting  from  the  second  scorifica- 
tion are  combined  in  a  2i-in.  scorifier  and  by  a  third  scorification  a  single  button 


ASSAYING  FOR  GOLD  AND  SILVER  759 

• 

representing  1  A.T.  is  produced.  Of  the  metallic  scale  -^hs  A.T.  is  weighed  out,  placed 
in  a  2)-in.  scorifier  with  30  grams  of  lead  and  scorified  to  production  of  a  15-  to  20- 
sram  button.  It  is  customary  in  the  case  of  nickel  silver  ore  to  report  results  on  the 
oasis  of  assay  with  both  slag  and  cupel  correction,  therefore  all  the  slag  in  the  produc- 
tion of  each  bead  for  cupelmtion  should  be  collected,  ground  finely  and  the  wnole,  or 
a  convenient  aUquot,  assayed  by  the  method  described  on  page  754. 

Assay  of  Blister  Copper  for  Gold,  For  each  t€st  of  i  A.T.,  five  lots  of  the  sample  of 
1^  A.T.  each  are  placeci  m  three  scorifiers  and  covered  with  60  grams  lead  and  2  to  3 
srams  of  the  borax  silica  flux.  Scorification  is  continued  to  production  of  20-  to  25-gram 
buttons.  Sufficient  lead  is  added  to  each  button  to  make  the  total  charge  60  grams 
and  each  -A>  A.T.  portion  is  rcscorified  until  about  20  grams  of  lead  remain  in  each  scori- 
fier.  From  each  scorifier  the  slag  is  decanted  on  the  shelf  in  front  of  the  muffle.  With- 
out removal  from  the  furnace,  all  the  buttons  are  combined  by  pouring  into  a  single 
hot,  fresh  scorifier.  Scorification  is  continued  until  about  25  grams  of  lead  remains, 
the  temperature  is  then  raised,  the  slag  decanted  and  the  metal  poured  into  a  fresh 
scorifier  holding  40  grams  of  molten  lead.  Scorification  is  continued  to  production 
of  a  15-  to  20'^am  button.  From  the  shade  of  the  scorifier  and  size  of  the  button,  the 
operator  judges  how  much  lead  is  required  to  be  added  to  procure  from  the  fourth 
scorification  a  button  suitable  for  cupellation.  Throughout  the  operation  the  copper 
should  not  be  allowed  to  become  so  concentrated  or  the  temperature  so  low  that  lead 
idll  liquate  from  the  copper. 

Whenever  muffle  space  is  more  valuable  than  time  saved  bv  combining  portions 
of  the  assay  by  pouring  from  one  scorifier  into  another  in  the  furnace,  it  is  the  bet- 
ter practice  to  pour  the  portions  into  moulds  and  combine  the  slag-free  buttons. 

Copper  Matte  for  dold.  For  each  test  of  }  A.T.,  three  lots  of  i  A.T.  each  are  placed 
on  a  laver  of  30  grams  of  lead  in  three  3-in.  scorifiers.  The  charge  in  each  scorifier  is 
covered  with  30  ^ms  of  lead  and  5  grams  of  borax-silica  flux.  The  scorifiers  are  placed 
in  a  very  hot  muffle  which  is  opened  only  after  the  scorifiers  are  of  the  same  temperature. 
The  scorification  is  continued  at  as  low  temperature  as  possible,  until  15  to  20  ^rams 
of  lead  remains  in  each  scorifier.  The  heat  is  then  raised  for  three  to  five  mmutes 
before  pouring. 

If  the  matte  is  very  low  in  copper  the  buttons  may  be  combined  and  rescorified 
to  suitable  size  for  cupellation.  If  tne  matte  contains  10%  to  20%  copper,  the  product 
of  the  second  scorification  is  rescorified  with  sufficient  lead  to  make  the  total  charge, 
according  to  the  judginent  of  the  operator,  30  to  60  grams. 

If  the  matte  contains  20%  to  40%  copper,  each  button  of  the  first  scorification  is 
put  into  a  fresh  3-in.  scorifier  and  sufficient  lead  added  to  make  the  charge  up  to  30 
to  60  grams.  The  product  of  the  15-  to  20-gram  buttons  of  the  second  rescorification 
are  combined  and  reduced  to  cupellation  size. 

If  the  matte  contains  40%  to  60%  copper,  the  product  of  the  third  scorification 
is  scorified  a  fourth  time  witb  addition  of  sufficient  lead  to  make  the  total  charge 
30  to  60  grams. 

If  the  matte  contains  more  than  60%  of  copper,  each  lot  of  }  A.T.  is  rescorified 
twice  with  addition  each  time  of  sufficient  lead  to  make  the  total  charge  in  each  scori- 
fier 40  to  60  grams.  The  resulting  buttons  are  combined  into  a  single  charge  for  a 
fourth  and  final  scorification  to  a  15-  to  20-gram  button.  The  details  of  the  scheme  are 
the  same  for  the  assay  for  silver  or  gold  in  ore  of  similar  copper  content,  except  that 
several  grams  of  borax  are  mixed  with  the  charge  to  flux  the  initial  fusion. 

Tin  Concentrates  for  Gold  and  Silver.  For  each  test,  1  A.T.  mixed  with  200- 
grams  test  lead,  100  grams  litharge  and  30  grams  borax  on  smooth  paper,  rubber  or  oil 
cloth,  is  distributed  among  ten  3-in.  scorifiers  and  each  charge  covered  with  30  grams  lead. 
Scorification,  commenced  at  a  high  temperature,  is  continued  low  until  the  lead  is  covered 
over.  The  resulting  buttons  are  pounded  free  of  adherent  slag,  distributed  among 
2  or  3  scorifiers  ana  rescorified.  When  the  lead  has  been  reduced  in  each  to  15  to 
20  ^ms,  the  charges  may  be  poured  and  the  resulting  buttons  combined  and 
Boonfied  to  a  fijml  button;  or  the  slag  may  be  poured  off  and  all  the  lead  poured  into 
a  single  scorifier.  This  method  is  also  adapted  to  the  assay  of  highly  silicious 
material. 

The  methods  described  may  be  modified  in  the  following  details:  Por  purpose  of 
accounting,  factory,  mine  or  mill  control,  or  by  agreement  between  buyer  and  seller, 
the  button  to  be  cupelled  may  represent  a  smaller  portion;  because  it  is  difficult  to 
pick  from  the  cupel  and  clean  very  small  silver  beads,  cupellation  of  a  portion  repre- 
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senting  two  or  more  A.T.  may  be  undertaken.  When  scorifiers  £re  of  uncertain  quality, 
it  is  the  better  practice  to  weigh  out  the  portion  designed  for  each  scorifier  and  ma 
the  flux  and  lead  with  spatula  with  the  charge. 

CUPELLATION 

Cupels  are  best  made  by  a  cupel  machine  from  perfectly  dry  cupel  bone  ash. 
Cupels  so  made  can  be  used  immediately  after  manufacture.     If  water  is  employed 
to  make  the  bone  ash  coherent,  cracking  is  liable  to  occur  on  exposure  to  muffle 
temperature  unless  the  cupels  are  dried  out  very  slowly  by  allowing  them  to  stand 
in  a  warm,  dry  spot,  days  or  weeks  according  to  the  amount  of  water  used.    When 
a  brand  of  bone  ash  makes  a  dry  pressed  cupel  which  is  inclined  to  crack  or  split, 
this  tendency  is  overcome  by  admixture  of  the  unsaturated  portion  of  old  cupeb  or 
of  bone  ash  which   has  been  heated  in  a  muffle  to  about  1000^  C.    Bone  ash 
which  evidently  has  not  been  completely  decarbonized  should  not  be  used,  because 
complete  oxidation  of  its  content  of  organic  matter  requires  that  the  cupels  be 
kept  hot  for  a  long  period  before  commencing  cupellation,  else  spurting  of  molten 
lead  will  take  place  during  the  operation.     When  the  form  of  the  saturated  portioo 
of  the  cupel  shows  that  lead  oxide  is  not  absorbed  freely,  an  unsatisfactory  quality 
of  bone  ash  is  indicated.     The  bottom  of  the  saturated  portion  of  a  well-made  cupe! 
of  bone  ash  of  first  class  quality  is  concave  in  shape,  free  of  knobs  or  projectioDS, 
and  can  be  cleanly  separated  by  hand,  with  exercise  of  little  effort,  from  theunat^ 
urated  portion.    The  proportion  of  the  different  sizes  of  particles  of  bone  ash  is  a 
matter  of  consequence.    Cupels  made  wholly  of  very  fine  particles  are  apt  to  be  too 
dense,  unless  moulded  with  so  little  pressure  that  they  are  so  fragile,  that  their 
manipulation  must  be  conducted  with  great  care.    Those  made  entirely  of  coarse 
particles  (through  40  and  left  on  60  mesh)  have  such  a  rough  cup  surface  that 
the  cupellation  loss  is  excessive  and  not  uniform. 

A  very  satisfactory  cupel  is  made  from  bone  ash  which  contains  approximately 
75%  of  particles  which  will  pass  a  100-mesh  screen  and  the  remaining  25%  finer 
than  40  ine.sh. 

The  following  shows  the  range  of  screen  analyses  of  samples  taken  from  28  barrels 
of  the  same  brand : 

Per  Cent. 

I^ft  on  40  mesh 0-8.7 

Through  40  left  on  GO  mesh 2.2-6.3 

Through  60  left  on  70  mesh 3.7-9.6 

Through  80  left  on  100  mesh 12.5-20.3 

Through  100  mesh 59. 1-83.2 

Samples  from  seven  of  the  barrels  wet-screened  through  a  200-mesh  sieve  gave 
quantities  of  fine  product  ranging  from  42%  to  58%. 

Patent  and    ready-made  cuikjIs,  in  which    magnesium  or  calcium    oxides, 

plaster  of  Paris,  Portland  cement  or  organic  matter  may  enter  as  constituents, 

because  they  will  survive  shipment,  are  of  use  in  situations  where  the  manufacture 

'  ''  Q  laboratory-moulded  cupel  is  impracticable.     When  silver  beads  oi  997- 

mess  are  obtained  from  such  cupels,  the  cupellation  loss  is  usually  greater 

common  from  bone  ash  cupels  of  normal  quality. 

patent  cupels  require  the  higher  temperature  generally  throughout,  always 

finish  of  the  operation,  else  freezing  will  take  place,  or  beads  will  be 

ad  which  may  retain  quite  as  much  lead  as  will  balance  the  normal  loss  of 
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The  brands  of  patent  cupels  which  preserve  a  smooth,  hard  surface  after 
cupellation  will  retain  a  trace  of  silver  (0.10  milligram  or  less)  in  easily  dis- 
coverable form.  This  amount  is  difficult  to  find  in  a  bone  ash  cupel  unless 
made  entirely  or  cup  finished  with  a  grade  of  very  fine  quality. 

While  a  bone  ash  cupel  absorbs  practically  its  own  weight  of  lead  in  the  form  of 
lead  oxide,  it  is  well  to  make  the  size  such  that  the  saturated  portion  will  not  reach 
quite  to  the  bottom.  A  cupel  J  in.  in  height,  1  in.  in  diameter  is  suitable  for  a 
12-gram  button;  1  in.  in  height,  U  ins.  diameter  for  a  20-gram  button;  1  in.  in 
height  li  in  diameter  for  a  25-gram  button. 

The  cup  of  the  cupel  should  be  perfectly  smooth  and  free  of  any  particles  of 
loose  bone  ash.  Such  particles  as  may  adhere  may  be  removed  by  blowing  on 
them.  Loosening  the  particles  by  the  finger  may  roughen  the  surface  and  increase 
the  cupellation  loss. 

The  lead  button  is  prepared  for  cupellation  by  freeing  it  all  of  adherent  par- 
ticles of  slag.  Presence  of  slag  corrodes  the  cupel.  It  is  pounded  on  a  smooth 
anvil  with  a  flat-faced  hammer  and  then  shaped  into  a  cube  or  disk  which  will 
fit  the  cupel  and  be  firmly  held  by  the  tongs.  It  is  good  practice  to  round  the 
corners  of  the  button.  A  soft,  brittle  button  may  result,  through  the  presence 
of  lead  oxide  in  its  composition,  from  completion  of  scorifi cation  at  too  low  a 
temperature.  A  button  containing  more  than  25%  of  silver  or  gold  is  bril- 
liantly smooth,  hard  and  brittle.  Selenium  or  tellurium  in  considerable  quantity 
makes  the  button  rough,  brittle  and  difficult  to  separate  from  the  slag.  A 
small  quantity  of  sulphur  will  make  the  surface  of  the  button  scale.  Arsenic 
and  antimony  have  a  similar  effect. 

Operation.  In  a  small  or  low-formed  muffle,  cupellation  of  only  a  single  or 
possibly  two  rows  of  cupels  placed  near  the  front  can  be  carried  out  successfully. 
When  cupellation  is  carried  out  in  a  single  row  near  the  front,  the  position  and 
shape  of  the  row  is  determined  by  experience.  Besides  regulation  of  fuel  supply, 
temperature  of  the  cupel  is  controlled  by  placing  scorifiers  or  old  cupels  in  front 
and  back  of  the  row  and  by  manipulation  of  the  muffle  door  and  damper.  Large 
and  small  buttons  can  be  cupelled  simultaneously  by  this  method.  Because 
the  action  tends  to  increase  silver  loss  into  the  cupel,  a  cupel  should  not,  while 
cupellation  is  in  progress,  be  moved  in  a  manner  which  will  cause  change  of 
position  of  the  metal  in  the  cup.  In  a  muffle  high  enough  to  allow  view  of 
metal  inside  of  a  cupel  placed  near  the  back  wall  and  of  size  large  enough  to  be 
unaffected  quickly  by  small  heat  changes,  cupellation  is  conducted  in  a  series  of 
rows  of  cupels  extending  from  close  to  the  back  wall  to  within  4  or  5  ins.  of  the 
front.  To  hold  the  heat  in  the  front  and  back  rows,  it  is  common  practice  to 
bank  against  the  cupels  in  these  rows  bone  ash,  old  cupels,  scorifiers  or  pieces  of 
thin  brick.  Some  operators  make  it  possible  to  do  very  artistic  feathering  by 
building  a  dam  of  bone  ash  several  inches  high  near  the  door  of  the  muffle  to 
break  and  heat  the  current  of  air  over  the  cupels.  Cupellation  by  this  method 
should  be  of  buttons  of  nearly  uniform  size. 

Entrance  of  the  products  of  combustion  to  the  muffle  retards  cupellation. 

By  nice  adjustment  of  temperature  previous  to  commencement  of  the  opera- 
tion in  a  large  muffle  carrying  many  cupels,  little  regulation  of  the  fuel  supply  is 
required.  Heat  effects  are  produced  by  manipulation  of  the  muffle  door  and  of 
J  in.  thick  cooling  irons  with  3-ft.  handles.  The  irons  are  shovel  shaped  to  cool 
the  entire  top  of  the  muffle  and  of  rectangular  form  to  cool  a  single  lateral  or  longi- 
tudinal row.     During  the  early  part  of  the  operation  heat  is  supplied  and  tempera- 
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lure  raised  by  oxidation  of  the  lead  in  the  cupels.  Toward  the  end  of  the  open 
tion,  the  rise  of  temperature  produced  by  moderate  reduction  of  the  rate  of  flo^ 
of  air  through  the  muffle,  together  with  the  heat  retained  by  the  closely  paoke 
cupels  is  usually  sufficient  to  produce  silver  beads  of  standard  purity,  when  th 
cupels  are  of  good  quality. 

Pre\ious  to  commencement  of  the  operation,  to  expel  moisture,  bum  organi 
matter,  decompose  CaCOi  in  the  cupels,  to  give  them  time  to  gain  a  tempentui 
uniform  with  the  atmosphere  of  the  closed  muffle  and  to  permit  the  furnace  i 
a  whole  to  acquire  a  condition  of  temperature  and  equilibrium  of  flow  of  heat  wide 
will  allow  control  of  muffle  temperature  without  application  of  extreme  method 
of  heating  or  cooling;  the  cupels  in  the  tight  muffle  should  be  brou^t  to  an 
allowed  to  remain  for  at  least  ten  minutes  at  a  temperature  only  very  little  abov 
that  which  will  cause  scum  of  oxide  on  the  surface  of  molten  lead  to  melt  and  h 
absorbed  by  the  cupel  material. 

"  The  temperature  of  cupellation  of  pure  lead  buttons  should  be  850*  C.  U 
uncover  the  button ;  this  may  be  lowered  to  770**  C.  during  the  major  part  of  tin 
cupellation,  but  must  be  raised  to  about  830**  C.  near  the  end  to  finish  the  opoft 
tion."  » 

The  muffle  damper  being  closed,  the  lead  buttons  are  placed  in  the  cupels  ii 
the  order  of  the  numbers  on  the  scorifiers  in  a  tray.  The  muffle  door  is  ckw<i 
until  the  lead  in  all  the  cupels  will  "  uncover  "  or  "  drive."  Immediately  th« 
damper  is  opened  somewhat. 

The  temperature  of  the  top  of  the  cupel  is  then  cooled  by  the  methods  mentioDed 
until  the  appearance  of  the  margin  of  the  molten  metal  within  the  cupel  and  the 
color  of  the  saturated  portion  of  the  cupel  indicates  to  the  experienced  operator 
that  a  fringe  of  crystalline  or  "  feather  "  litharge  Ls  forming  just  above  the  leid. 
If  the  cooling  is  carried  too  far,  the  cupel  becomes  too  cold  to  absorb  the  lithaifE 
and  "  freezing  "  is  the  result.  Approach  to  this  condition  is  manifested  by  the 
tendency  of  the  line  of.  juncture  of  metal  and  cupel  to  appear  indefinite.  If, 
in  an  attempt  to  raise  the  temperature  of  a  charge  of  cupels,  the  flow  of  air  through 
the  furnace  is  stop|)ed,  cupellation  will  cease  because  a  coating  of  .solid  oxide  will 
form  on  the  surface  of  the  lead  which  will  require  a  considerable  rise  of  tempera- 
ture to  melt.  The  o|x?ration  of  alternately  cooling  and  allowing  the  temperature 
to  rise  is  continued  until  little  lead  remains.  As  the  quantity  of  lead  and  the  h«t 
imparted  to  the  cuixjI  through  its  oxidation  diminishes,  the  temperature  of  the 
cupel  must  be  incroiised  until  at  the  moment  when  the  silver-gold  bead  is  pnf- 
tically  free  of  lead,  the  temperature  should  be  close  to  that  at  which  cupellation 
was  started.  If  the  teni|)eraturo  is  too  high  at  this  moment  the  silver  bead  will 
not  at  once  solidify  and  while  molten  will  asl)orb  oxygen.  When  the  bead  soW- 
ifies,  the  oxygen  is  exp<?lled  with  the  projection  of  rough  points  on  the  bead  awl 
sometimes  of  particles  entirely  separate  from  the  bead.  The  tendency  to  **  sprout  ' 
or  "  spurt  "  increases  with  the  size  of  the  beads.  When  a  cupel  is  kept  in  a  muffle 
at  a  high  temi)erature  for  a  considerable  period  pre\ious  to  commencement  of 
cupellation,  the  silver  Ixjad  exliibits  a  tendency  to  remain  liquid  at  a  temperature 
far  below  the  normal  freezing-ix)int  of  silver.  The  same  inclination  is  also  quite 
characteristic  of  cupellation  in  a  dense  cupel  of  fine  l)one  ash.  WTien  such  » 
bead  solidifies  the  expulsion  of  oxygen  has  been  known  to  be  so  violent  as  to  bre*k 
the  beads  apart.  When  a  bead  is  induced  to  become  solid  by  taking  the  cupel 
out  of  the  muffle  and  giving  it  a  series  of  shocks,  if  sprouting  does  not  take  place, 

»  Fulton,  "  Fire  Assaying,"  2d  ed.,  41. 
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the  bead  is  often  found  to  be  hollow.  Silver  Joss  tends  to  increase  with  length  of 
time  that  the  bead  remains  in  a  state  of  suffusion.  Rootlets  extending  into  the  cupel 
are  peculiar  to  beads  which  have  been  in  this  state.  A  silver  bead  having  once 
solidified  in  its  cupel  does  not  require  immediate  removal  from  the  furnace,  but  may 
remain  for  any  reasonable  period  without  loss  or  gain  of  weight,  providing  the  tem- 
perature of  the  cupel  is  not  raised  so  high  that  its  fringe  of  feather  litharge  is  melted. 
If  the  temperature  is  too  low  during  the  oxidation  of  the  last  portion  of  the  lead, 
"  freezing  "  with  accumulation  of  unabsorbed  litharge  is  likely  to  occur.  Solidi- 
fication of  a  lead  silver  alloy  which  forms  a  flat  dull-colored  bead  with  smooth  under 
surface  and  is  non-adherent  to  the  cupel,  may  sometimes  occur.  This  alloy  may 
contain  as  much  as  10%  of  lead.  Because  the  heat  of  oxidation  of  copper  is  greater 
than  that  of  lead,  freezing  is  less  likely  to  occur  in  the  cupellation  of  buttons  con- 
taining no  greater  quantity  of  copper  than  is  suited  to  the  process. 

Except  when  the  bead  contains  more  than  20%  of  gold,  it  should  be  silvery 
white,  globular  and,  when  hot,  adherent  to  the  cupel.  As  the  ratio  of  gold  in- 
creases, unless  the  cupellation  is  finished  at  a  high  temperature,  the  bead  is  apt  to  be 
dull  on  account  of  retained  lead,  or  copper  when  that  metal  is  present  in  the  button. 

An  indented  bead  if  silvery  white  is  not  an  indication  of  impurity,  but  if  the 
luster  is  dull  the  presence  of  bismuth,  copper,  selenium  or  tellurium  may  be 
suspected.  Bismuth  in  moderate  quantity  (a  few  tenths  per  cent  of  the  lead  alloy) 
is  taken  up  by  large  beads  to  such  an  extent  that  the  bismuth  content  may  more 
than  balance  the  excessive  cupellation  loss  on  account  of  its  presence.  Through 
the  inclination  to  leave  particles  of  the  precious  metal  on  the  sides  of  the  cupel,  the 
excessive  loss  may  exhibit  itself  in  the  case  of  small  beads.  Copper  being  absent, 
bismuth  produces  a  brownish  stain  under  the  silver  bead  and  dark  green  rings 
about  it.  When  a  large  quantity  of  bismuth,  selenium  or  tellurium  is  present 
the  surface  tension  of  the  silver  bead  is  diminished  to  such  an  extent  that  it  may 
spread  over  the  surface  and  into  the  bottom  of  the  cupel.  These  impurities  in 
lesser  quantity  modify  the  appearance  of  the  silver  bead  according  to  the  amount 
of  silver  and  the  finishing  temperature  of  the  cupellation.  In  the  assay  for  gold, 
the  result  obtained  from  parting  the  product  of  cupellation  of  a  tellurium-bear- 
ing bead  is  usually  higher  than  that  obtained  by  removal  of  tellurium  by  wet 
methods.  Recupellation  is  of  necessity  occasionally  resorted  to  in  order  to  obtain 
a  silver  bead  sufficiently  pure  to  favor  the  production  of  a  gold  mass  which  can 
be  collected  in  the  process  of  parting. 

The  presence  of  a  large  proportion  of  silver  decreases  the  gold  loss  especially 
in  the  cupellation  of  buttons  containing  selenium  or  tellurium.  In  the  assay  for 
silver  and  for  silver  and  gold  in  bismuth-bearing  material,  selenium,  tellurium 
and  bismuth  should  be  separated  by  the  combination  method  described  on 
page  772. 

Copper  ehminated  before  the  last  of  the  lead  causes  no  abnormal  cupellation 
lo68.  When  its  proportion  in  the  lead  button  is  large  enough  to  extend  the  dark 
stain  on  the  cupel  to  the  seat  of  the  bead,  but  insufficient  to  prevent  cupellation 
with  "  feathers,'*  the  cupellation  loss  is  somewhat  more  than  normal  when  the 
final  temperature  is  hot  enough  to  bring  about  a  bead  of  standard  purity.  But 
if  the  ratio  of  gold  to  silver  is  low  in  the  bead  or  the  final  temperature  is  not  high, 
copper  may  be  retained  in  the  bead  in  quantity  sufficient  to  offset  a  part  or  more 
than  the  whole  of  the  abnormal  amount  of  silver  absorbed.  No  attempt  should 
be  made  to  cupel  a  lead  button  containing  a  greater  proportion  of  copper  than  will 
allow  cupellation  with  "  feathers."    Antimony  to  the  extent  of  2%  may  be  present 
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in  the  lead  button.*  A  large  quantity  produces  scoria  and  causes  cracking  of  the 
cupel.  The  presence  of  antimony  and  any  of  the  base  metals  whose  oxides  are 
not  very  soluble  in  lead  oxide  causes  large  and  not  uniform  loss  of  the  precious 
metals  into  the  cupel  because  of  the  high  heat  required  to  start  and  sometimes  to 
continue  cupellation,  and  through  retention  of  particles  in  the  scoria  of  oxide 
about  the  sides  of  the  cupel. 

The  presence  of  platinum  or  palladium  raises  the  temperature  of  the  melting- 
point  of  the  silver-gold  alloy  and  increases  the  tendency  to  retain  lead  by  the 
product  of  cupellation.  The  presence  of  but  a  very  small  proportion  of  either 
gives  a  steely  hue  to  the  silver  bead.    With  increase  of  proportion  of  the  platinum 
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metals  and  influenced  by  the  final  temperature  of  cupellation,  the  bead  becomes 
flat,  its  surface  dull,  crystalline,  rough  or  irregular  and  its  color  gray  or  almost 
black.  The  effect  of  either  metal  alone  is  similar  but  not  exactly  alike.  Palladium 
shows  a  tendency  to  produce  beads  of  less  luster,  darker  in  color  and  of  more  irreg- 
ular surface. 

Since  the  freezing-point  of  the  silver-gold  alloy  increases  rapidly  with  the  per- 
centage of  gold,  care  is  required  when  the  ratio  of  silver  to  gold  is  less  than  6  to  1, 
that  the  final  temperature  of  cupellation  be  higher  than  is  required  to  obtain  a 
gold-free  silver  bead  of  standard  purity. 

Loss  of  both  gold  and  silver  into  the  cupel  increases  ¥nth  the  quantity  of  lead 
used.  Custom  and  convenience  have  made  it  the  very  common  practice  to  carr>' 
out  cupellation  on  buttons  of  15  to  25  grams,  resulting  from  crucible  fusion,  and 
on  those  between  10  and  20  grams  which  are  the  product  of  scorification. 
Amount  of  lead  remaining  constant,  cupellation  loss  of  silver  decreases  in  per- 
centage with  increase  of  quantity.  Chart  Fig.  141  is  the  product  of  several  hun- 
dred cupellations,  chiefly  of  pure  silver,  made  in  the  course  of  trials  of  different 
brands  and  graded  mixtures  of  bone  ash  and  other  experiments.  The  lead  used 
was  reduced  from  litharge  made  from  the  l)est  grade  of  test  lead;  200  grams  gave  an 
unweighable  amount  of  silver  and  bismuth.  The  beads  assayed  996.5-998  fineness. 
^  E.  A.  Smith,  "Sampling  and  Assaying  of  Precious  Metab,''  168. 


ASSAYING  FOR  GOLD   AND  SILVER  705 

Temperature  higher  than  is  required  to  produce  "  feather  "  litharge  increases 
the  loss  of  silver  and  gold.  The  effect,  however,  of  temperature  of  cupellation 
on  small  quantities  of  gold  alloyed  with  silver  is  so  little  that  ordinarily 
when  the  assay  is  for  gold  alone  care  is  only  taken  that  the  bead  does  not 
"  spurt." 

Weighing  the  Beads.  Error  may  be  introduced  in  the  assay  for  silver  through 
lack  of  care  in  cleaning  particles  of  bone  ash  from  the  bead.  The  bottom  of  the 
bead  held  firmly  by  pliers  is  scoured  with  a  bristle  assay  brush  before  weighing. 
Weighing  of  the  silver  bead  is  made  to  the  tenth  or  twentieth  milligram  and  on 
a  button  or  assay  balance  sensitive  to  one  or  two  hundredths  of  a  milligram. 
In  the  assay  of  low-grade  material,  appraised  in  large  parcels,  and  when  the  accu- 
racy of  the  method  warrants  such  action,  weighings  are  made  to  the  hundredth 
milligram  on  a  gold  assay  balance. 

To  check  balance  and  mathematical  errors  it  is  common  practice  to  weigh  and 
record  separately  each  bead  and  then  the  combination  of  all  the  beads  from 
the  same  sample. 

Direct  cupellation  is  applied  to  the  assay  for  silver  in  lead,  and  preliminary 
assay  of  base  and  Dor6  bullion,  when  no  sulphur-  or  scoria-forming  metals  and  but 
a  few  hundredths  per  cent  of  selenium  and  tellurium  enter  into  their  composition. 
When  such  impurities  are  present  in  lead  bullion,  10  grams  each  of  lead  and  lith- 
arge and  2  or  3  grams  borax-silica  flux  are  added  and  the  test  portion  subjected 
to  long  enough  scorification  to  produce  a  15-gram  button  whether  1  or  i  A.T.  be 
taken  for  the  assay  portion. 

Lead  bullion  which  contains  no  im]3urity  interfering  with  cupellation  is  cupelled  in 
portions  of  }  A.T.  each.  Each  portion  is  wrapped  in  a  2-in.  square  of  assayer's  sheet 
lead  which  weighs  about  7  srams.  Cupellation  is  carried  out  under  conditions  which 
favor  the  production  of  feather  litharge.  Correction  for  slag  and  cupel  loss  is  applied 
in  the  assay  of  lead  bullion  usually  by  direct  assay  of  cupel  and  slag,  but  sometimes 
from  the  loss  sustained  by  a  similar  and  known  quantity  of^  silver  cupelled  or  scorified 
at  the  same  time  and  under  exactly  the  same  conditions. 

Cupellation  of  base  or  Dor^  bullion  is  most  commonly  practiced  to  prepare  the 
assay  portion  for  the  parting  process,  and  as  a  convenient  method  of  making  the  trial 
assay  preliminary  to  performance  of  some  form  of  the  Gay-Lussac  method  of  determi- 
nation of  silver.  Settlement  assa3r8  for  silver  are,  however,  sometimes  made  on  the 
purer  grades  of  bullion  by  the  cupellation  method. 

%A  preliminary  assay  of  500  milligrams  of  the  sample  is  made  by  wrapping  that 
quantity  with  15  or  25  grams  of  assayers'  sheet  lead  and  cupelling  with  featners  if  pos- 
sible. The  experienced  operator  judges  from  the  quantity  of  silver  and  gold  present, 
from  the  stain  on  the  cupel  and  from  the  appearance  of  tne  bead,  how  much  copper  is 
present  and  how  much  lead  to  add.  To  prevent  "  spurting  "  some  prefer  to  add 
a  definite  amount  (less  than  10%)  of  copper  to  bullion  which  contains  none.  The 
suitable  amount  of  lead  to  employ  in  the  cupellation  may  be  calculated  by  multiplying 
the  copper  present  in  Krams  by  100  and  adding  2  when  the  copper  is  less  than  20% 
of  the  bullion;  multiplying  by  40  and  adding  8  when  the  copper  content  is  between 
20  and  60%;  multiplying  by  20  and  adding  14  when  the  per  cent  of  copper  is  over  60. 
As  an  illustration,  a  500-miUigram  assay  portion  containing  no  copper  is  cupelled  with 
2  grams  lead,  while  such  containing  50,  200  or  450  miUigrams  of  copper  would  be 
cupelled  with  7,  16  and  23  grams  of  lead  respectively.  One  or  two  check  portions  are 
made  containing  the  same  amounts  of  silver,  gold  and  copper  as  were  determined  by  the 
prelinunary  assay.  In  making  up  the  checl^,  the  silver  weighed  up  in  the  preliminary 
aaaay  is  corrected  for  cupellation  loss  by  adding  in  the  case  of  base  bullion  1.25%  to  its 
weight.  Gold  under  1%  of  the  silver  is  not  ordinarily  included  in  the  check  assays 
when  silver  only  is  to  be  taken  account  of. 

The  check  and  two  or  more  assay  portions  are  cupelled  each  with  the  same  amount 
of  lead  at  the  same  time  and  under  as  precisely  the  same  conditions  as  it  is  possible 
to  obtain.    In  calculating  fineness  the  average  of  the  silver  and  the  gold  found  in  the 
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asBav  portion  is  corrected  by  the  actual  loss  or  gain  suatained  by  each  predous  i 
in  the  check  portiooa. 

In  making  the  cupellation.  conditions  of  temperature  and  draft  which  will  ■ 
all  the  cupels  uniformly  are  aoueht  rather  than  the  production  of  feather  litb 
"Die  temperature,  however,  should  not  be  eo  high  that  the  beade  are  likely  to  tp 
Less  coundence  is  placed  in  results  from  check  portions  which  show  a  gain  than  in  t 
which  show  a  loss,  when  it  is  apparent  that  the  1ob9  is  not  mechanical. 

PARTING 

To  the  process  of  separating  gold  from  silver  in  such  form  that  it  can  be 
lected  and  weighed  with  certainty  and  facility,  the  action  of  suitably  diluted  n 
acid  is  better  adapted  than  that  of  sulphuric  acid.  On  account  of  the  solub 
of  platinum  in  itfl  silver  gold  alloy  by  nitric  acid,  parting  with  hot  sulphuric  : 
in  used  only  when  the  assay  is  intended  to  include  that  metal.  Except  by  emp 
ment  of  methods  of  manipulation  and  treatment  practice,  in  the  assay  of  | 
bullion,  silver  does  not  dissolve  with  sufGcient  completion  from  beads  in  wl 
the  ratio  of  silver  to  gold  is  less  than  4  or  5  to  1.  When  this  ratio  ia  nati 
to  the  material  undergoing  assay,  the  bead,  after  weighing,  may  be  cupelled  i 
several  grama  of  lead  after  addition  of  about  10  parti  silver.  It  is  the  be 
and  more  commonly  followed  procedure  when  low  ratios  prevail,  becaiue  a  1 
proportion  of  silver  in  the  bead  tends  to  prevent  gold  loss  into  the  cupel,  to  m 
a  separate  assay  for  gold,  and  add  about  ten  times  as  much  silver  as  gM  jua 
to  the  assay  portion  at  some  period  previous  to  cupellation. 

Nitric  acid  and  water  used  in  parting  should  he  free  of  any  form  ot  dikx 
or  other  halogen,  and  of  the  presence  of  another  acid.  The  gold  mass  in  i 
operation  is  somewhat  more  conveniently  handled  if  the  silver  bead  be  Satta 
somewhat.  Dut  flattened  buttons  containing  large  amounts  of  gold  (om 
milligrams)  appear  to  require  annealing  to  obtain  an  uniform  parting  Ion.  1 
gold  nuLss  Ls  less  liable  to  break  up  if  the  l^ead  is  dropped  into  hot  than  into  « 
acid.  It  is  more  apt  to  l>e  coherent  when  the  silver  is  dissolved  in  a  hijji  tiuD 
a  low  column  of  acid.  On  account  of  the  solvent  action  on  gold  in  spongy  (a 
by  hot  nitric  acid  of  a  strength  approaching  1.42  sp.gr.,  parting  solutiona  sboi 
never  be  allowed  to  become  so  highly  concentrated. 

The  following  methods  are  employed  in  a  laboratoiy  which  has  iD<n! 
gated  the  solvent  effect  of  the  acids  and  the  purity  of  the  gold  masMS  p 
<]ured.  All  the  heating  operations  are  conducted  on  a  J-in.  copper  pi 
covered  with  strips  of  asbestos  paper  and  heated  by  lateral  rows  of  perforai 
pitic  burners.  The  gas  supply  to  each  burner  is  separately  controlled.  The  sU^ 
itead  containing  Icns  than  2  milligrams  of  gold  is  dropped  into  25  ec.  of  hot  a' 
of  l.OTsp.gr.  (I  part  1.42  sp.gr.  acid  and  6  parts  water)  in  a  1  oz.  casserole  and  I 
li(|uid  is  kejrt  a  little  below  the  lioiling-point  for  forty  minutes.  The  gold  m 
is  washed  with  water  by  decantation  three  times,  dried  and  annealed  by  pi 
ing  the  casserole  over  a  Bunscn  flame  until  change  of  color  of  the  mass.  A  i^l' 
bead  containing  more  than  2  milligrams  and  less  than  10  is  dropped  into  25 
of  hut  acid  of  1.04  sp.gr.  (1  part  strong  acid  and  9  parts  water)  in  a  l-oi.ca.isen 
When  visible  action  lias  c<ased,  the  silver  solution  Ls  decanted,  the  casserole  fit 
up  with  acid  of  1.16  sp.gr.  and  the  gold  mass  digested  for  fifteen  to  twenty  miaii 
at  a  fcmjKtmture  a  little  l)elow  the  boiling-point.  When  the  quantity  of  g 
is  more  than  10  milligrams,  the  two-strength  acid  treatment  is  carried  out  ii 
2-oz.  parting  flask.  During  the  final  treatment  the  acid  is  kept  boiling  geo 
for  twenty  minutes.    After  decantation  of  the  acid  liquid,  the  flask  is  filled 
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to  the  brim  with  water,  the  brim  closed  with  the  cup  of  a  1-oz.  casserole,  the  flask 
quickly  inverted  and  tapped  to  dislodge  particles  of  gold  from  the  side.  The  flask 
is  raised  until  the  brim  is  near  the  surface  and  removed  with  a  quick  motion  to 
the  side.     The  gold  mass  is  then  washed,  dried  and  annealed. 

When  platinum  and  palladium  are  present  the  gold  mass  is  apt  to  break  up  into 
dark-colored  particles,  coarse  or  very  fine,  according  to  the  proportion  of  the  plat- 
inum metala.  Selenium  or  tellurium  in  the  bead  will  aleo  produce  a  similar  effect. 
When  gold  only  is  to  be  determined,  the  single  1  to  6  acid  treatment  in  a  casserole  is 
pursued ;  but  If  platinum  is  to  be  determined  the  parting  with  1  to  6  acid  takes  place 
in  a  flask  or  covered  beaker.  The  residue  is  transferred  to  a  filter,  about  20  parts 
of  silver  added,  the  filter,  covered  with  25  grams  of  lead  in  a  small  scoriRer.  is 


incinerated,  scorified,  cupelled  and  parting  repeated.  These  operations  may 
require  repetition  several  times  before  the  coherency  and  color  of  the  gold  mass 
indicates  absence  of  platinum.  The  presence  of  even  0.05  milligram  of  palladium 
gives  a  yellow  hue  to  20  cc.  of  parting  liquor.' 

Gold  is  usually  weighed  to  hundredths  milligram.  When  the  demand,  the 
sensitiveness  of  the  balance  and  the  accuracy  of  the  method  of  assay  warrant 
such  procedure,  weighings  to  thousandths  milligram  are  made.  The  low-column 
type  of  gold  balance  is  in  every  way  superior  to  the  high.  The  weights  and 
riders  employed  should  be  frequently  checked  by  a  set  which  has  been  verified 

'  For  methods  of  treatment  of  the  partine  liquor  for  determination  of  platinum 
refer  to  chapter  on  Platinum,  also  see  article  by  A.  M.  Smoot,  Eng.  and  Mm.  Jour 
April  17,  1915. 
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by  the  Bureau  of  Standards.^  To  lessen  balance  and  other  errors,  it  is  common 
practice  to  obtain  the  weight  of  each  in  turn  and  finally  all  of  the  gold  masses 
from  the  same  sample  without  removal  of  any  from  the  balance  pan. 

Gold  Bullion.     A  preliminary  assay  of  500  milligrams  is  made  to  determine  very 
closely  the  gold  and  silver  content.    The  weiehed  quantity  of  standard  silver  to  be  addc^ 
to  make  the  ratio  of  silver  to  gold  in  the  trial  assay  between  2.5  and  2  to  1,  can  usually 
be  judged  from  the  color  of  the  gold.     When  the  gold  contains  no  copper^  50  milligrams 
should  be  added  and  the  same  quantity  used  in  the  final  assay.     The  function  of  the 
copper  is  to  toughen  the  gold  silver  alloy  and  make  possible  its  reduction  by  jewelers, 
rolls  to  sheet  form  without  cracking.    The  cupellation  of  the  trial  assay  is  with   10 
grams  of  lead  and  at  a  temperatiure  slightly  above  that  which  will  obtain  feather  lith- 
arge.    The  button  is  thoroughly  cleaned  with  a  button  brushy  weighed  and  rolled 
into  a  fillet  about  2  ins.  long.     During  rolling,  softening  oranneahng  by  heating  to  dull 
redness  may  occasionally  be  required  to  prevent  cracking.    The  fillet  is  finally  annealed, 
rolled  into  a  "  comet "  and  parted  in  a  parting  flask  by  digestion  for  thirty  minutes 
with  25  to  30  cc.  of  1.16  sp.gr.  acid  at  just  under  the  boiling-point.     The  solution  of 
silver  is  decanted  and  w&shed  once  bv  decantation,  25  to  30  cc.  more  of  1  to  2  acid  are 
added  and  digestion  continued  for  thirty  minutes  longer.    The  gold  is  transferred  to 
a  porcelain  casserole  in  the  manner  already  described,  washed  by  decantation    several 
times,  dried  and  annealed.     If  the  attempt  is  made  to  dry  the  gold  mass  on  a  too 
hot  plate,  particles  are  liable  to  be  scattered.     The  weight  of  the  gold  foimd  and  that 
of  the  added  silver  subtracted  from  the  weight  of  the  bead  is  closely  the  silver  content 
of  the  bullion.     The  silver  plus  the  gold  content  subtracted  from  the  amount  of  bul- 
lion taken  for  the  trial  assay  gives  approximately  the  quantity  of  base  metal  present. 
When  copper  is  present  in  a  bullion  or  alloy  containing  much  base,  it  should  be  deter- 
mined by  separate  analysis. 

To  two  or  more  assav  portions  of  500  milligrams  each  are  added  just  the  amount 
of  proof  silver  determinea  by  the  trial  assay  to  make  the  ratio  of  silver  to  gold  2  to  1. 
If  the  base  does  not  consist  of  copper  such  is  added  sufficient  to  make  the  total  10^ 
of  the  sold  present.  One  or  more  check  portions  are  made  containing  the  same  amount 
of  gold,  silver  and  copper  as  are  in  the  assay  portions.  Each  of  the  check  and  assay 
portions  are  wrapped  with  exactly  10  grams  of  lead  and  cupelled  under  precisely  the 
same  conditions  at  a  temperature  somewhat  higher  than  will  produce  feather  lithaiiKe. 
If  the  bullion  contains  copper,  the  same  quantity  is  added  to  the  check  portions.  The 
quantity  of  lead  to  l)e  used  in  cupellation  depends  upon,  but  as  in  the  assay  of  silver 
copper  alloys  is  not  in  direct  ratio  to  the  quantity  of  copper  present.  The  object  is 
not  to  remove  all  the  copper  by  cupellation,  but  to  leave  just  so  much  as  will  toughen 
the  silver  gold  alloy.  Temperature  and  draft  are  factors  which  affect  the  elimination 
<-r  copper. 

Subject  to  modification  on  account  of  the  quantity  and  character  of  other  impurity, 
the  following  table  will  in  a  general  way  serve  as  a  guide  to  the  quantity  of  lead  to  use 
when  500  milligrams  of  gold  bullion  are  weighed  out. 


Copper  Present 
in   Milligrams. 

Load  to  Use 

i.i  Grama. 

50 

10 

100 

16 

150 

22 

200 

24 

250 

26 

300 

28 

350 

30                1 

The  thorou^ly  cleaned  buttons  are  rolled  to  the  same  thickness  and  length.  When 
cupelled  with  just  the  proper  amount  of  copper  and  lead  the  edges  will  not  crack. 
If  annealed  at  too  high  a  temperature  the  surface  will  blister  and  particles  axe  likely 

^  See  Circular  No.  3,  U.  S.  Bureau  of  Standards. 
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to  fall  off  in  parting.  If  the  annealing  is  not  uniform  or  complete,  the  results  will  not 
agree  and  the  value  of  the  check  assays  is  vitiated.  The  cornets  at  this  point  may  be 
stamped  by  a  small  die  with  figures  or  dots  indicating  the  note-book  record  of  the  assay 
and  check  portions.  Elach  comet  is  then  coiled  into  a  roll  with  index  mark  outward 
and  placed  in  a  platinum  capsule  with  perforated  bottom  which  will  fit  the  comets 
not  too  loosely  or  tightly.  The  capsules  set  in  a  platinum  tray  which  has  an  upright 
handle  and  rests  on  a  platinum  stand  about  1}  ins.  above  the  Bottom  of  a  beaker. 

With  some  experience  in  soldering  platinum  with  gold  and  without  requirement 
of  much  skill,  bouin^  apparatus  with  capacity  for  nine  tests  can  be  laboratory  made 
from  17  ins.  of  0.06-in.  wire,  nine  strips  13  by  31  mm.  each  of  unperforated  0.005-in. 
sheets,  nine  circular  pieces  10  mm.  in  diameter  and  one  circular  sheet  2  ins.  in  diameter 
of  0.005  sheet  platinum  perforated  with  0.062-in.  holes,  144  to  the  square  inch.  Each 
capsule  is  a  cylinder  10  mm.  in  diameter,  13  mm.  long,  closed  at  the  bottom  with 
perforated  metal.  To  the  center  of  the  bottom  is  soldered  a  }-in.  length  of  0.06-in. 
wire.  This  wire  through  a  perforation  holds  the  capsule  upright  as  it  rests  on  the  cir- 
cular sheet  which  is  soldered  to  a  2-in.  diameter  loop  m  the  wire;  the  wire  should  extend 
beyond  the  loop  1}  ins.  on  one  side  and  6  ins.  or  more  on  the  other.  The  sheet  in  the 
loop  is  bent  at  right  angle  to  the  wire  and  two  pieces  of  wire  each  1^  ins.  long  are  sol- 
deied  to  the  loops  to  form  a  tripod.  The  wire  extending  above  the  frame  is  bent  to 
form  a  handle  over  the  side  of  a  beaker  and  out  of  direct  range  of  acid  fumes. 

Two  strengths  of  acids  are  used,  the  first  of  equalparts  of  1 .42  sp.gr.  nitric  acid  and 
water  the  second  of  2  parts  of  acid  to  1  of  water.  The  600-cc.  beaker,  half  filled  with 
No.  1  acid,  is  brought  to  boiling,  the  frame  with  capsules  is  slowly  introduced  to  avoid 
boiling  over,  and  allowed  to  remain  ten  to  fifteen  minutes.  The  frame  is  taken  out,  drained 
of  the  acid,  dipped  in  a  large  beaker  of  hot  water,  and  then  introduced  into  a  beaker 
half  filled  with  boiling  No.  2  acid.  After  fifteen  minutes'  boiling  the  frame  is  removed, 
dipped  successively  into  two  beakers  of  hot  water,  boiled  for  five  to  ten  minutes  in  a 
third,  dipped  in  the  fourth,  drained  and  dried  by  placing  in  an  oven  or  on  a  hot  plate. 
The  contents  of  each  capsule  are  removed  to  an  annealing  cup  or  porcelain  casserole, 
annealed  and  weighed  to  hundredths  milligrams.  The  actual  loss  or  gain  sustainea 
by  the  check  portion  is  added  to  or  subtracted  from  the  assay  portions.  The  corrected 
results  are  calculated  to  parts  per  thousand  and  reported  as  fineness.  More  confidence 
18  placed  in  check  assays  which  show  a  loss  when  such  loss  is  known  to  be  not  mechanical. 

COMBINATION  METHODS 

Copper  Bullion.    The  sulphuric  acid  method  when  skillfully  carried  out  gives 
results  for  gold  in  blister  and  refined  copper  equal  to  those  by  the  "  all  fire,  "  and 
for  silver  the  same  as  the  nitric  acid  combination  method.     For  each  test  1  A.T. 
is  placed  in  a  1000-cc.  beaker  of  resistance  glass  and  shaken  with  5  cc.  of  a  solu- 
tion of  mercuric  nitrate  (mercuric  nitrate  solution  is  made  by  dissolving  10  grams  of 
mercury  with  the  least  quantity — about  25  cc. — of  hot  nitric  acid,  making  the  solu- 
tion up  to  1000  cc.    Just  sufficient  nitric  acid  is  added  to  keep  the  solution  clear). 
80  cc.  of  1.84  sp.gr.  sulphuric  acid  are  added.     Some  brands  of  blister,  especially 
such  as  contain  arsenic,  dissolve  best  when  20  or  more  cc.  of  water  are  also 
added  and  the  quantity  of  mercury  solution  is    increased.     The  beaker  cov- 
ered with  a  clock-glass  is  placed  on  a  very  hot  plate,  and  boiled  vigorously 
for  ten  minutes.    The  temperature  is  then  decreased   so  low  that  the  accu- 
mulation  of   sulphur   on   the   sides   of   the   beaker   will    remain,  but   not   so 
low  as  to  stop  quite  copious  fuming  of  the  acid.     The  beaker  is  taken  off 
just  before  the   liquid   becomes   grayish  in  color.     This    point  is  determined 
by  expert  observation  of  the  appearance   of  the   hot   solution.     The  tempera- 
ture  of   the  hot  plate,  size  of  the  particles  of  copper,  the  quantity  and  char- 
acter of  impurities  in  the  copper,  as  well  as  amount  of  sulphuric  acid  used  are 
factors  which  influence  the  time  required  for  solution.    The  time  will  vary  from 
thirty  to  ninety  minutes.    Since  the  gold  is  in  a  very  finely  divided  condition  and 
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a  little  copper  sulphide  acts  efficiently  as  an  entangling  agent,  no  attempt  should 
be  made  to  continue  the  treatment  with  sulphuric  acid  until  the  clear  liquid,  which 
will  result  from  low  silver-bearing  copper,  indicates  complete  solution  of  copper 
sulphide.  Silver  sulphide  is  also  effective  in  preventing  gold  from  passing  throu^ 
the  filter,  and  in  the  assay  of  very  high  gold-bearing  copper  containing  little  silver, 
it  is  of  advantage  to  add  the  silver  required  to  carry  the  gold  with  minimum  lo^ 
through  cupellation  to  the  beaker  before  ^lution  rather  than  to  the  scorifier  or 
cupel.  After  the  beaker  has  become  cold  through  standing  on  an  asbestos  mat, 
a  little  standard  salt  solution  is  added  to  precipitate  the  trace  or  more  of  silver 
which  may  be  in  solution.  Although  only  a  trace  of  silver  may  be  dissolved  it  is 
safe  to  assume  that  2%  of  that  present  is  in  solution.  At  least  600  cc.  of  boiling 
hot  water  are  added  a  little  at  a  time  while  the  lumps  of  anhydrous  salt  are  being 
broken  up  by  a  stirring  rod.  The  liquid  is  filtered  hot  through  three  or  four  15- 
cm.  No.  1  F  Swedish  filter  paper  folded  together  in  a  funnel  (2i  to  2{  ins.  in  diam- 
eter) whose  brim  is  about  J  in.  below  the  edge  of  the  paper.  During  filtration 
copper  sulphate  must  not  be  allowed  to  stretch  the  pores  of  the  paper  by  crystal- 
lizing. Solution,  therefore,  should  be  maintained  by  addition  of  hot  water  to  the 
contents  of  the  funnel  as  required.  The  beaker  is  wiped  very  thoroughly  with  a 
piece  of  common  filter  paper.  The  inside  of  the  filter  is  sprinkled  with  15  grams 
test  lead.  The  filter  is  folded,  placed  in  a  2J-in.  scorifier  and  covered  with  15  grams 
more  lead.  The  filter  is  incinerated  in  an  oven  or  muffle.  Aft«r  adding  a  pinch 
(about  2  grams)  of  borax  or  borax  silica  flux,  scorification  is  continued  to  pro- 
duction of  10-  to  15-gram  button. 

The  nitric  acid  method  of  solution  of  blister  or  other  copper  is  resorted  to  when 
the  sample  is  in  such  coarse  form  that  the  sulphuric-acid  method  is  impracticable. 
The  results  for  gold  tend  to  be  lower  than  those  from  the  sulphuric-acid  method, 
partly  because  of  the  solvent  action  of  nitric  acid,  which  is  especially  noticeable 
when  the  copper  contains  selenium  and  partly  on  account  of  the  very  fine  state 
of  the  liberated  particles.  The  solvent  action  is  hindered  by  alloying  the  copper 
with  a  considerable  quantity  of  mercury  and  by  dissolving  with  weak  acid.  In  the 
assay  of  copper  in  coarse  form  some  heat  must  be  applied  or  stronger  acid  used  to 
'  complete  the  solution,  but  when  the  sample  is  fine  the  heat  of  the  reaction  is  suf- 
ficient. 

One  A.T.  in  a  covered  1000-cc.  beaker  is  shaken  with  5  cc.  of  a  solution  of  nitrate 
of  mercury  which  contains  1  gram  of  mercury,  400  cc.  (or  a  larger  amount  if  the 
sample  is  fine)  of  water  and  100  cc.  of  nitric  acid,  sp.gr.*  1 .42  are  added.  The  beaker 
is  allowed  to  stand  overnight,  and  in  the  morning  solution  is  completed  if  neces- 
sary by  heating  gently  on  a  hot  plate.  An  emulsion  of  lead  sulphate  is  poured 
in  with  constant  stirring  until  a  permanent  precipitate  forms.  Ten  cc.  of  thick 
paper  pulp  is  then  stirred  in  and  the  beaker  allowed  to  stand  for  an  hour  on  a 
plate  sufficiently  hot  to  promote  circulation  of  the  liquid.  Filtration  is  through 
two  15-cm.  papers  of  S.  &  S.  No.  590  quality.  The  beaker  is  wiped  thoroughly 
after  taking  care  to  transfer  to  the  filter  every  trace  of  the  mercury  flour  which 
sometimes  forms.  The  inside  of  the  paper  is  sprinkled  with  TJ  grams  test  lead. 
The  paper  is  folded  and  placed  in  a  25-in.  scorifier,  the  cup  of  which  has  been 
glazed  with  lead  silicate  or  borate;  7 5  grams  of  lead  are  placed  on  the  paper,  which 
is  then  incinerated.  To  the  filtrate  with  constant  stirring  is  added  saturated  salt 
solution — a  few  drops  at  a  time — until  a  permanent  precipitate  remains.  The 
•  beaker  is  heated  nearly  to  boiling  and  more  salt  solution  added  in  the  same  way 
if  the  precipitate  first  formed  dissolves.     When  the  silver  has  become  granular, 
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digestion  on  the  hot  plate  is  stopped  and  the  liquid  cooled  to  room  temperature 
before  filtering  through  a  single  15-cm.  paper  of  No.  590  quality.  When  the 
quantity  of  silver  is  high  (200  milligrams  or  over),  the  copper  solution  is  filtered 
without  disturbing  the  precipitate.  The  precipitate  is  washed  quite  free  of  copper 
by  decantation.  7i  grams  of  lead  are  stirred  into  the  precipitate  and  allowed  to 
remain  until  the  appearance  indicates  that  all  the  silver  chloride  is  reduced. 
The  contents  of  the  beaker  are  then  transferred  to  the  filter.  The  beaker  and 
stirring  rod  are  thoroughly  wiped  with  filter  paper.  When  the  silver  tenor  of 
the  sample  is  low,  the  inside  of  the  paper  is  sprinkled  with  TJ  grams  of  lead.  The 
paper  is  folded,  placed  on  the  residue  of  the  paper  containing  the  product  of  the 
previous  filtration,  covered  with  7 J  grams  of  lead  and  incinerated.  Scorification 
when  lead  sulphate  is  present  should  commence  at  rather  high  temperature. 

Copper  Matte.    The  following  combination  method  of  assaying  iron-copper 
matte  gives  results  for  gold  equal  to  that  from  any  of  the  all-fire  methods.     One 
A.T.  in  an  1000-cc.  beaker  is  gently  boiled  with  350  cc.  of  a  mixture  of  1  part 
concentrated  sulphuric  acid  and  10  parts  water.     Boiling  is  continued  until  but 
little  gas  is  given  off.    The  solution  is  then  filtered  through  a  single  15-cm.  paper 
and  the  residue  washed  with  hot  water  twice.     The  filtrate  is  discarded.    The 
filter  paper  and  its  contents  are  placed  in  the  beaker.    Twenty  cc.  of  a  solution  of 
mercuric  nitrate  containing  200  milligrams  of  mercury  are  poured  over  the  residue 
and  the  beaker  immediately  shaken  until  all  its  particles  are  wet  by  the  mercury. 
150  cc.  of  water  and  100  cc.  of  nitric  acid  are  added  and  the  beaker  allowed  to  stand 
for  at  least  half  an  hour.     The  liquid  is  then  boiled  until  no  fumes  are  given  off. 
The  solution  is  then  filtered  through  two  15-cm.  filters  of  No.  589  quality  folded 
together.    The  beaker  is  wiped  thoroughly  with  filter  paper.     The  bulky  precipi- 
tate, sprinkled  with  20  grams  lead,  is  placed  in  a  3-in.  Bartlett-shaped  scorifier 
which  has  been  glazed  with  lead  silicate.    The  folded  paper  is  covered  with  20 
^rrams  lead,  incinerated,  fluxed  with  2  grams  of  ,borax  and  scorified  to  a  10-gram 
button  which  is  reserved  for  addition  to  the  scorifier  containing  the  silver  residue. 
Scorification  should  commence  at  a  high  temperature.     Silver  is  precipitated  as 
chloride  and  manipulated  in  the  same  manner  as  has  been  described  in  the  nitric 
acid  method  for  blister  and  refined  copper.     The  total  charge  of  lead  in  the  2J-in. 
scorifier  containing  the  silver  residue  after  addition  of  the  button  containing 
the  gold,  is  25  to  30  grams. 

On  account  of  slow  filtration,  slag  in  matte  interferes  with  the  operation  of 
this  method. 

The  following  method  of  treatment  of  matte  tends  to  give  higher  silver  but 
lower  gold  results.  To  1  A.T.  in  a  1000-cc.  beaker  are  added  cautiously  at  first 
100  cc.  strong  nitric  and  then  50  cc.  cone,  sulphuric  acid  with  beaker  covered, 
the  liquid  is  boiled  until  the  sample  is  completely  decomposed  and  the  precipi- 
tated sulphur  is  yellow.  When  the  liquid  is  cold,  the  salts  are  dissolved  with 
400  cc.  hot  water  and  the  solution  is  filtered  hot.  The  procedure  from  this  point 
18  the  same  as  described  in  the  nitric  acid  treatment  of  blister  copper. 

Silver  Slime  for  Gold  and  Silver.  Each  assay  portion  of  0.1  or  0.05  A.T.  is 
wet  in  a  1000-cc.  resistance-glass  beaker  with  10  cc.  of  a  solution  of  nitrate  of 
mercury  which  contains  10  milligrams  of  mercury.  Fifty  cc.  of  1.84  sp.gr.  sul- 
phuric acid  are  added  and  boiled  for  about  thirty  minutes.  When  cold,  400  cc.  of 
hot  water  are  added  and  after  all  salts  are  in  solution,  a  solution  of  sodium  chloride 
of  approximately  known  silver  precipitating  strength  is  dropped  in  with  constant 
lUrring  until  it  is  evident  that  a  slight  excess  has  been  added.    The  liquid  is  stirred 
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until  silver  chloride  is  coagulated.  When  cold,  the  clear  liquid  is  decanted  through 
a  15-  cm.  No.  589  paper  without  disturbing  the  precipitate.  The  precipitate 
is  washed  free  of  copper  by  decantation.  Ten  grams  of  40-mesh  test  lead  are 
sprinkled  over  the  inside  of  the  filter.  Twenty  grams  of  test  lead  and  a  few  drops 
of  a  solution  of  sodium  sulphide  are  mixed  with  the  precipitate  of  silver  chloride 
with  a  stirring  rod.  When  it  is  apparent  that  reduction  of  silver  is  quite  complete 
the  residue  is  washed  into  the  filter  and  the  beaker  thoroughly  wiped  with  filter 
paper.  After  draining  the  filter  is  folded,  placed  in  a  3-in.  scorifier,  covered  with 
10  grams  of  lead,  dried  and  incinerated.  Fluxed  with  a  pinch  (2  to  3  grams) 
of  borax  glass,  scorification  is  continued  to  production  of  a  15-  to  20-gram  button. 
Corrected  assay  is  made  of  the  slag  and  cupel. 

Removal  of  Interfering  Metals.  Inasmuch  as  bismuth,  selenium  or  telluriuzn 
are  not  readily  removed  from  a  lead  button  by  dry  oxidation,  with  the  object  of 
avoiding  repeated  scorifications,  it  is  expedient  to  remove  these  elements  by  dis- 
solving the  well-cleaned  lead  button  with  twelve  times  as  many  cc.  as  its  weight  in 
grams  of  a  mixture  of  1  part  of  strong  nitric  acid  with  5  parts  water.  The  gold 
is  filtered,  the  silver  precipitated,  reduced  when  high,  filtered  and  the  filters  con- 
taining each  of  the  precious  metals  manipulated  as  has  been  described.  In  the 
treatment  of  a  bismuth-bearing  button,  the  filter  should  be  washed  with  acidu- 
lated water.  When  platinum  is  present  in  the  material  undergoing  assay  in 
quantity  sufficient  to  interfere  with  the  purity  of  the  silver  bead  produced  by 
cupellation  at  the  usual  temperature,  the  solution  of  the  lead  button  by  nitnc 
acid  is  filtered  through  a  small  filter.  The  content  of  the  thoroughly  washed 
filter  is  treated  for  determination  of  platinum  and  gold  by  methods  described  in 
chapter  on  Platinum.  Silver  in  the  filtrate  is  precipitated  as  chloride  and 
determined  by  the  described  procedures  of  filtration,  scorification  and  cupellation. 
By  this  method  may  be  conducted  the  assay  for  silver  in  material  containing 
gold  in  excess  of  silver. 

When  the  precipitate  of  silver  chloride  is  colored  a  deep  pink,  indicating  the 
presence  of  considerable  palladium,  the  button  resulting  from  its  scorification  is 
dissolved,  silver  again  precipitated,  filtered,  scorified  and,  if  the  silver  chloride  is 
not  too  highly  colored,  cupelled.  ^ 

Assay  of  Cobalt— Silver  Ore.*  i  or  )  A.T.  portions  are  taken,  the  former  when 
the  sample  carries  over  2000  oz.  silver  per  ton.  Nitric  acid  is  added  a  little  at  a 
time  to  the  pulp  in  a  covered  beaker,  about  75  cc.  for  a  J-A.T.  or  100  cc.  for  a 
i  A.T.  portion.  After  heating  on  a  steam  bath  until  action  has  ceased,  200  ce. 
water  are  added  and  the  solution  allowed  to  stand  (best  over  night)  until  cold 
before  filtration.  From  some  ores  containing  much  arsenic,  a  white  crystalline 
coating  containing  a  little  silver  forms,  and  unless  allowed  to  form  in  the  original 
nitric  acid  solution  will  cause  trouble  later.  If  the  coating  cannot  be  detached 
by  filter  paper  it  is  treated  in  the  beaker  with  a  hot  solution  of  sodium  hydrate 
The  alkaline  liquid  is  acidulated  with  nitric  acid  and  washed  into  the  filter  with  the 
insoluble  residue.  If  the  insoluble  residue  is  large  in  volume,  it  Ls  dried,  burned 
in  a  crucible  and  fused  with  litharge,  borax,  sodium  carbonate  and  a  reducing 
agent.  If  the  residue  is  small,  it  is  scorified.  In  either  case  the  lead  button  from 
the  residue  is  reserved. 

Standard  sodium  chloride  solution  is  added  to  the  filtrate  from  the  insoluble 
residue  in  quantity  sufficient  to  precipitate  all  the  silver,  but  carefullj''  avoiding 

*  See  article  by  A.  M.  Smoot,  End.  and  Min.  Jour.,  April  17,  1915,  p.  701. 
»Sinoot,  Eng.  and  Min.  J.,  28,  1100,  1914. 
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any  considerable  excess.  The  precipitate  is  stirred  briskly  until  it  coagulates 
and  then  is  allowed  to  stand  for  an  hour  until  the  supernatant  liquid  becomes 
clear.  The  precipitate  is  transferred  to  a  double  filter  and  washed  slightly  with 
water.  Traces  of  silver  chloride  in  the  beaker  are  wiped  off  with  filter  paper  and 
placed  in  the  filter.  The  filter  is  transferred  to  a  scorifier  which  has  been  glazed 
with  molten  litharge.  As  a  further  precaution  against  absorbing  moisture,  a 
small  disk  of  lead  is  placed  under  the  paper.  The  paper  in  the  scorifier  is  dried 
and  burned  in  a  closed  oven  at  250  to  300°  C.  Fine' test  lead  is  sprinkled  over  the 
residue  and  the  button  resulting  from  the  crucible  or  scorifier  fusion  of  the  in- 
soluble residue  is  added.  Scorification  at  a  low  temperature  is  conducted  to 
production  of  a  15-gram  button  which  is  cupelled  with  care  to  avoid  "  sprouting." 
The  influence  of  bismuth  which  cobalt  ores  sometimes  contain  is  eliminated  by 
the  combination  method. 

CYANIDE  SOLUTIONS 

Inasmuch  as  cyanide  solutions  have  but  little  greater  gravity  than  water, 
29.2  cc.  is  regarded  as  the  volume  equivalent  of  1  A.T.  The  quantity  taken  for 
assay  depends  upon  the  gold  or  silver  content;  1  A.T.  of  a  rich  solution,  50  to  100 
A.T.  when  traces  of  the  metals  are  sought;  5,  10  or  10  A.T.  are  the  test  portions 
most  commonly  employed.  When  gold  only  is  to  be  determined,  there  should 
be  in  the  lead  button  prepared  for  cupellation  sufficient  silver  to  permit  parting 
of  the  bead  resulting  from  the  operation.  Silver  may  be  added  to  the  button 
or  solution  in  the  form  of  metal  or  to  the  solution  in  the  form  of  a  standard  solution 
of  silver  nitrate  if  the  electrolytic  or  evaporation  method  is  employed. 

The  methods  of  preparation  of  the  solution  for  fire  assay  may  be  grouped  as 
follows:  .  # 

(a)  Evaporation.^ 

(b)  Metallic  Reagent,*  Aluminum  foil,'  cement  copper,*  zinc  dust,  zinc  lead 
couple  formed  by  the  addition  of  lead  acetate  to  the  cvanide  solution  and  precipita- 
tion of  spongy  lead  by  zinc  shavings,^  by  zinc  dust,*  by  stick  zinc,*  aluminum-lead 
couple.^ 

(c)  Electrolytic.^ 

(d)  Liquid  reagent,  potassium  ferrocyanide  and  cuprous  chloride,'  copper  sulphate 
and  sodium  sulphite,  ^^  ferrous  sulphate,  oxalic  acid. 

(3)  Gaseous  reagent,  hydrogen  sulphide.  ^^ 

The  evaporation  method  is  the  standard  with  which  all  other  methods  are 
compared,  and  on  account  of  the  requirement  of  little  manipulation,  is  practiced 

'  All  Manuals  or  Text  Books  of  Assaying. 
«Seamon,  West.  Chem.  and  Met.,  Aug.,  1909,  291. 
•Arents,  Trans.  A.I.M.E.,  84,  184. 

•  Chiddy,  Ene.  and  Min.  J.,  Mar.  28,  1903,  473. 

*Magenau,  Min.  and  Sci.  Press,  Apr.  14,  1906,  259;  Stines,  Min.  and  Sci.  Press, 
Apr.  28,  1906.  278;  Durant,  Proc.  Chem.  Met.  and  Min.  Soc.  of  S.A.,  1902-3,  105; 
Clark,  Fulton  8  "  Manual  of  Fire  Assaying,"  2d  ed.  156. 

•  Bahney,  Trans,  A.I.M.E.,  61,  131. 

^  Holt,  Min.  and  Sci.  Press,  June  11,  1910,  863 

« Miller,  J.  Chem.  Met.  and  Min.  Soc.  of  S.  A.,  Feb.  15,  1905,  216;  Crichton,  J. 
Chem.  Met.  and  Min.  Soc.  of  S.  A.,  1911-12,  90. 

•  White,  J.  Chem.  Met.  and  Min.  Soc.  of  S.  A.,  Oct.,  1909,  136. 
»•  Whitby,  Proc.  Chem.  Met.  and  Min.  Soc.  of  S.  A.,  1902-3,  15. 
<^  Wat0oni  Eng.  and  Min.  J.,  Mar.  28, 1911,  443. 
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with  considerable  variety  of  detail  in  laboratories  which  make  a  large  number 
of  as8a3n3.  From  a  6-  by  4-in.  strip  of  assayers*  sheet  lead,  a  flat-bottom  dish 
4  by  2  by  1  in.  deep  can  be  made,  which  will  weigh  30  to  40  grams  and  hold  3  A.T. 
A  test  portion  of  this  or  a  larger  amount  of  cyanide  solution  introduced  from  time 
to  time  is  evaporated  to  dryness.  To  avoid  spattering  the  heat  of  the  hot  plate  is 
reduced  toward  the  last  of  the  operation.  The  dish  is  folded  carefully  and  scori- 
fied to  a  15-  to  20-gram  button  in  a  3-in.  scorifier.  A  10  or  20  A.T.  test  portion 
may  be  evaporated  to  small  volume  in  an  evaporating  dish  or  casserole,  and  then 
to  dr3me88  in  a  lead  dish.  When  it  is  the  practice  to  complete  the  evaporation 
in  porcelain  or  earthen  ware,  50  to  60  grams  of  litharge  are  added  with  the  object 
of  facilitating  removal  of  the  residue.  The  residue,  which  should  not  be  heated 
so  strongly  as  to  make  a  hard  cake,  is  removed  with  a  spatula  and  intimMely  mixed 
with  a  charge  ^  consisting  of  25  grams  Utharge,  15  grams  sodium  carbonate, 
2  grams  fine  silica,  5  grams  borax  glass  and  2  grams  argol.  Fusion  is  made  in  a 
20-gram  crucible.  When  the  scorification  method  of  fusion  is  preferred,  10  grams 
of  granulated  lead  are  added  to  the  solution  instead  of  litharge,  the  residue  trans- 
ferred to  a  2-in.  scorifier,  covered  with  15  grams  test  lead  and  a  pinch  of  borax 
glass  and  scorified  to  a  15-  to  20-gram  button.  Whether  litharge  or  lead  is  used, 
the  dish  should  be  wiped  thoroughly  with  moist  filter  paper  which  is  placed  in  the 
bottom  of  the  crucible  or  retained  in  place  in  the  scorifier  by  the  15  grams  of  test 
lead. 

Of  the  metallic  reagent  methods,  the  zinc-lead  couple  is  most  commonly 
practiced.  The  details  of  manipulation  vary  with  different  operators.  The  fol- 
lowing method  combines  the  features  of  Clark's  *  and  Bahney's.»  To  the  test 
portion  of  cyanide  solution  in  a  beaker  of  capacity  several  hundred  cc.  in  excess 
of  its  liquid  content,  are  added  25  cc.  of  a  20%  solution  of  lead  acetate.  From  a 
bottle  having  a  \'\n.  glass  tube  through  the  stopper  and  holding  silver-free  sine 
dust  and  water  in  the  proportion  of  1  gram  in  3  cc,  the  equivalent  of  4  grams  of 
dust  is  shaken  out  into  a  suitable  graduate  and  added  to  the  cyanide  liquor. 
When  moderately  heated,  but  before  boiling,  a  volume  of  1.18  to  1.19  S.G.  C.P. 
hydrochloric  acid  equal  to  10%  of  the  cyanide  solution  is  added.  The  mixture 
is  then  boiled  not  too  vigorously  until  the  spongy  lead  aggregates  (five  to  ten 
minutes). 

Since  some  zinc  may  iemain  undissolved  in  the  mass  above  the  surface  of  the 
liquid,  after  removal  of  the  beaker  from  the  hot  plate,  the  precipitate  is  collected 
and  confined  below  the  surface  by  an  overturned  funnel  which  has  a  diameter 
1  in.  less  than  the  diameter  of  the  beaker  and  whose  constricted  throat  is  sealed 
with  a  small  ball  of  barren  lead  sponge.  After  standing  hot  for  five  to  t«n  minutes 
the  funnel  is  removed  and  washed  free  of  adherent  particles.  The  beaker  is  then 
filled  up  with  cold  water.  From  a  circular  piece  of  assayers'  sheet  lead  3  ins.  in 
diameter  and  weighing  7  to  9  grams  a  filter  cone  is  made  by  pricking  a  dozen  fine 
holes  through  and  about  the  apex.  This  cone  is  fitted  to  a  2-in.  fuimel  in  a  filto* 
flask  which  is  connected  to  aspirating  apparatus.  A  layer  of  5  grams  of  test  lead, 
finer  than  60  mesh,  is  shaped  over  the  perforated  portion  of  the  cone.  The  clear 
liquid  is  decanted  as  completely  as  is  practicable  without  loss  of  precipitate.  The 
beaker  is  again  filled  with  cold  water  and  decanted.  A  portion  of  the  sponge  is 
drawn  with  the  flattened  end  of  a  glass  rod  onto  the  filter  cone  and  tamped  into 

»  Fulton,  ^'Manual  of  Fire  Assaying,"  2d  ed.,  157. 
« Fulton's  ''Manual  of  Fire  Assaying,"  2d  ed,  156. 
» Trans.  A.I.M.E.,  51,  129. 
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place.  After  complete  removal  of  the  precipitate  to  the  cone,  it  is  washed  several 
times  and  then  dewater^d  by  tamping  with  the  rod.  The  edges  of  the  filter  cone  are 
folded  tightly  over  the  precipitate  to  form  a  cone-shaped  button  which  will  fit 
a  li-in.  cupel.  The  button  is  placed  in  a  hot  cupel  which  is  brought  to  the  front 
of  the  muffle  and  allowed  to  remain  there  no  longer  than  is  sufficient  to  expel 
moisture.  A  piece  of  glowing  charcoal  placed  in  front  of  the  cupel  will  help  to 
clear  the  lead  shortly  after  the  muffle  door  is  closed,  if  the  muffle  has  been  kept 
at  the  temperature  which  prevails  in  the  usual  practice  of  starting  cupellation. 

If  suspended  matter  insoluble  in  hydrochloric  acid  or  considerable  copper  is 
present  in  the  solution,  cupellation  without  previous  scorification  is  impracticable, 
the  other  details  of  the  method,  however,  may  be  carried  out  as  described.  In 
such  cases  the  lead  button  is  placed  in  a  2-in.  scorifier,  10  grams  of  test  lead  and 
borax  flux  are  added  and  scorification  continued  to  production  of  a  10-  to  15-gram 
button.  In  case  much  copper  is  present,  it  may  be  necessary  to  rescorify  with 
addition  of  more  lead. 

By  the  electrolytic  method,*  gold  is  deposited  on  a  cylinder  of  assay  lead  foil 
which  fits  closely  the  inside  and  rests  on  the  bottom  of  the  beaker.  The  lower 
edge  of  the  foil  Ls  serrated  to  promote  circulation.  The  anode  is  a  A-in«  carbon 
rod.  The  current  is  adjusted  to  the  KCN  strength  of  the  solution;  0.1  amp. 
for  a  0.3%  to  0.04  amp.  for  a  0.02%  solution.  To  avoid  plating  out  on  the  anode, 
care  is  taken  to  have  the  current  on  all  the  time  it  Ls  in  contact  with  the  solution. 
A  little  cyanide  added  to  a  weak  solution  facilitates  the  deposition  of  gold; 
and  ammonium  hydrate  is  added  when  the  solution  is  impure.  When  deposition 
is  complete  (four  hours),  the  lead  foil  is  washed,  dried,  folded  into  a  button  and 
cupelled. 

Christy's  liquid  reagent  method,  as  modified  by  Whitby  and  described  by 
Clennell,'  is  based  on  the  fact  that  when  a  copper  salt  together  with  a  reducing 
agent  is  added  to  an  acidulated  cyanide  solution,  a  precipitate  of  cuprous  cyanide  is 
formed  which  precipitates  silver  and  all  but  a  trace  of  gold.  To  10  A.T.  are  stirred 
in  successively  20  cc.  10%  solution  of  blue  vitriol,  20  cc.  15%  solution  of  sodium 
sulphite  and  10  cc.  10%  sulphuric  acid.  Addition  of  a  little  ferrocyanide  of  potas- 
sium hastens  settling.  The  mixture  is  stirred  thoroughly,  allowed  to  settle  for 
fifteen  minutes,  filtered  and  the  filtrate  refiltered  until  clear.  When  drained 
the  precipitate  is  covered  with  a  mixture  of  30  grams  litharge,  30  grams  borax 
glass  and  1  gram  charcoal.  The  paper  and  contents  are  placed  in  a  hot  E  or  F 
crucible  and  the  operations  of  fusion  and  cupellation  carried  out. 

*  Crichton,  J.  Chem.  Met.  and  Min.  See.  of  S.  A.,  1911-12,  90. 
« Cyanide  Hand  Book,  443. 
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I.— INTERNATIONAL  ATOMIC  WEIGHTS,    1917 


Aluminum. . . 
Antimony .  . . 

Argon 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium . . . 

Caesium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium. . . 

Cobalt 

Columbium. . 

Copper 

Dysprosium . 

Erbium 

Europium . . . 

Fluorine 

Gadolinium. . 

Gallium 

Germanium. . 
Glucinum . . . 

Gold 

Helium 

Holmium. . . . 
Hydrogen. . . 

Indium 

Iodine 

Iridium 

Iron 

IQypton 

Lanthanum. . 

Lead 

Lithium 

Lutecium. . . 
Magnesium. . 
Manganese. . 
Mercury .... 
Molybdenum 


Symbol. 


Al 

Sb 

A 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cb 

Cu 

Dy 

Er 

Eu 

F 

Gd 

Ga 

Ge 

Gl 

Au 

He 

Ho 

H 

In 

I 

Ir 

Fe 

Kr 

La 

Pb 

Li 

Lu 

Mg 

Mn 

Hg 

Mo 


Atomic 
Weight. 


27.1 

120.2 
39.88 
74.96 

137.37 

208.0 
11.0 
79.92 

112.40 

132.81 
40.07 
12.005 

140.25 
35.46 
52.0 
58.97 
93.1 
63.57 

162.5 

167.7 

152.0 
19.0 

157.3 

69.9 

72.5 

9.1 

197.2 
4.00 

163.5 
1.008 

114.8 

126.92 

193.1 
55.84 
82.92 

139.0 

207.20 
6.94 

175.0 
24.32 
54.93 

200.6 
96.0 


Neodymium 

Neon 

Nickel 

Niton  (radium  em- 
anation)  

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum 

Potassium 

Praseodymium 

Radium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium 

Xenon 

Ytterbium  (Neoyt- 
terbium) 

Yttrium 

Zinc 

Zirconium 


Symbol 


Nd 

Ne 
Ni 

Nt 

N 

Os 

0 

Pd 

P 

Pt 

K 

Pr 

Ra 

Rh 

Rb 

Ru 

Sa 

Sc 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tb 

Tl 

Th 

Tm 

Sn 

Ti 

W 

U 

V 

Xe 

Yb 
Yt 
Zn 
Zr 


Atomic 
Weight. 


144.3 
20.2 
58.68 

222.4 
14.01 
190.9 
16.00 
106.7 
31.04 
195.2 
39.10 
140.9 
226.0 
102.9 
85.45 
101.7 
150.4 
44.1 
79.2 
28.3 
107.88 
23.00 
87.63 
32.06 
181.5 
127.6 
159.2 
204.0 
232.4 
168.5 
118.7 
48.1 
184.0 
238.2 
51.0 
130.2 

173.6 
88.7 
66.37 
90.6 


779 


M 


780 
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II.— MELTING-POINTS  OF  THE  CHEMICAL  ELEMENTS* 

Reproduced    from    Circular    No.    35    (2d    edition)    of    U.    S.  Bureau 
Standards. 


Element, 


C. 


F. 


Helium 

<-271 

<-456 

Neodymium 

840? 

1544 

Hydrogen 

-259 

-434 

Arsenic 

850? 

1562 

Neon 

-253? 

-423 

Barium 

850 

1562 

Fluorine 

-223 

-369 

Praseodymium 

940? 

1724 

Oxygen 

-218 

-360 

Germanium 

958 

1756 

Nitrogen 

-210 

-346 

Silver 

960.5 

1761 

Argon 

-188 

-306 

Gold 

1063.0 

19455 

Krypton 

-169 

-272 

Copper 

1083.0 

1981.5 

Xenon 

-140 

-220 

Manganese 

1260 

2300 

Chlorine 

-101.5 

-150.7  . 

Samarium 

1300-1400 

2370-2550 

Mercury 

-  38.9 

-38.0 

Beryllium 

Bromine 

-     7.3 

+  18.9 

(glucinum) 

1350? 

2463 

Caesium 

-f  26 

79 

Scandium 

* 

Gallium 

30 

86 

Silicon 

1420 

2588 

Rubidium 

38 

100 

Nickel 

1452 

2646 

Phosphorus 

44 

111.2 

Cobalt 

1480 

2696 

Potassium 

62.3 

144 

Yttrium 

1490 

2714 

Sodiimi 

97.5 

207.5 

Chromium 

1520 

2768 

Iodine 

113.5 

236.3 

Iron 

1530 

2786 

fS,     112.8 

235.0 

Palladium 

1549 

2830 

Sulphur 

•  ^n    119.2 

246.6 

Zirconium 

1700? 

dOOO 

• 

,Sni  106.8 

224.2 

Columbium 

Indium 

155 

311 

(Niobium) 

1700? 

3090 

Lithiiun 

186 

367 

Thorium 

/>1700 
\<Pt 

>3090 

Selenium 

217-220 

422-428 

<Pt 

Tin 

231.9 

449.4 

Vanadium 

1720 

3128 

Bismuth 

271 

520 

Platinum 

1755 

3191 

Thallium 

302 

576 

Ytterbium 

? 

Cadmium 

320.9 

609.6 

Titanium 

1800 

3272 

Lead 

327.4 

621.3 

Uranium 

<1850 

<3362 

Zinc 

419.4 

786.9 

Rhodium 

1950 

3542 

Tellurium 

452 

846 

Boron 

2*200-2500?  4000-4500 

Antimony 

630.0 

1166 

Indium 

2350? 

4263 

Cerium 

640 

1184 

Ruthenimu 

2450? 

4412 

Magnesium 

651 

1204 

Molybdenum 

2500? 

4500 

Aluminum 

658.7 

1217.7 

Osmium 

2700? 

4900 

Radium 

700 

1292 

Tantalum 

2850 

5160 

Calcium 

810 

1490 

Tungsten 

3000 

5430 

Lanthanum 

810? 

1490 

Carbon          <  ^ 

>3600   1 

For  p.  B 1  at.  \  1 

>6500 

Strontium 

>Ca<Ha? 

forp.-Ut. 

Element, 


C. 


F. 


III.  OTHER  TEMPERATURE  STANDARDS 

Tcmixnraiurcs  of  Flames} 

Cent.       Deg.  of  Accuracy. 

Bunsen,  open 1870  Within  100*  C. 

Bunscn,  half  open 1810  Within  100'  C. 

Bunsen,  shut 1710  Within  100'  C. 

Acetylene 2550  Within  100*  C. 

Oxyhytlrogen  with  illuminating  gas 2200  Within  100"  C. 

Oxyhvdrogcm  with  Hj+0 2420  Within  100"  C. 

Electric  arc 3500  Within  150"  C. 

Sun 6000  Within  500"  C. 

>  Metallurgical  and  Chemical  Engineering,  Vol.  XIII,  No.  5,  Mav.  1915. 

>  Measurement  of  High  Temperatures,  0.  K.  Burgess  and  H.  Le  Chatelier. 
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Approjnmate  Temperatures  by  Colors. 

Cent. 

First  visible  red 525 

DuU  red 700 

Cherry  red 900 

DuU  orange 1100 

White 1300 

Dazzling  white 1500 


Fahr. 

977 
1292 
1652 
2012 
2372 
2732 


1 

SubBtance. 

PhenomeDOD. 

C. 

F. 

Variation  with  pressure 
(pressure  in  mm.  of  Hg.) 

Oxygen 

Boiling 

-183.0 

-297.4 

C.  **- 183.0+0.01268  (p.  760) 
-0.0000079  (p.  760) 

Carbon  dioxide. . 

Sublimation  in 
inert  liquid .  . 

-  78.5 

-109.3 

C.  **  = -78.5+0.017  (p.  760) 

Sodium  sulphate 

Transforma- 

32.384 

90.291 

Na,SO4+10H,C 

tion  into  an- 
hydrous salt . 

Water 

BoilinK 

100 

212          C.  *- 100+0.03670  (p.  760) 

,  -0.00002046  (p.  760) 

Naphthalene. .  . . 

Boiling 

217.90 

423.73 

C.  *» =217.96+0.058  (p.  760) 

Benzophenone  . . 

Boiling 

305.9 

582.6 

C.  *» -305.9+0.063  (p.  760) 

Sulphur 

Boiling 

444.6 

832.3      C.  *»« 444.6 +0.0908  (p.  760) 

-0.000047  (p.  760) 

AgiCus 

Eutectic 

Freezing 

779 

1434 

Sodium  chloride . 

Freezing 

801 

1472 

• 

IV.— ELECTROMOTIVE  ARRANGEMENT  OF  THE  ELEMENTS 

Each  element  is  positive  to  the  element  placed  aft«r  it  and  negative  to  the  element 
placed  above. 

27.  Go 

28.  In 

29.  Ga 

30.  Bi 

31.  U 

32.  Cu 

33.  Ag 

34.  Hg 

35.  Pd 

36.  Ru 

37.  Rh 

38.  Pt 

39.  Ir   ' 


1.  Cs 

14.  Al 

2.  Rb 

15.  Zr 

3.  K 

16.  Th 

4.  Na 

17.  Ce 

5.  Li 

18.  Di 

6.  Ba 

19.  La 

7.  Sr 

20.  Mn 

8.  Ca 

21.  Zn 

9.  Mg 

22.  Fe 

10.  Be 

23.  Ni 

11.  Yt 

24.  Co 

12.  Er 

25.  Cd 

13.  Sc 

26.  Pb 

40.  Os 

53.  Mo 

41.  Au 

54.  V 

42.  H 

55.  Cr 

43.  Sn 

56.  As 

44.  Si 

57.  P 

45.  Ti 

58.  Se 

46.  Cb 

59.  I 

47.  Ta 

60.  Br 

48.  Te 

61.  CI 

49.  Sb 

62.  F 

50.  C 

63.  N 

61.  Bo 

64.  S 

62.  W 

66.  0 

782 
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ACID  AND  ALKALI  TABLES 


v.— HYDROCHLORIC  ACID 
Bt  W.  C. 


2!S!?  I  8».o». 


1.00  I 

2.00 

3.00 

4.00 

5.00 

5.25 

5.50 

5.75 

6.00 

6.25 

6.50 

6.75 

7.00 

7.25 

7.50 

7.75 

8.00 

8.25 

8.50 

8.75 

9.00 

9.25 

9.50 

9.75 

10.00 

10.25 

10.50 

10.75 

11.00 

11.25 

11.50 

11.75 

12.00 

12.25 

12.50 

12.75 

13.00 

13.25 

13.50 

13.75 

14.00 


1.0069 
1.0140 
1.0211 
1.0284 
1.0357 
1 .0375 
1.0394 
1.0413 
1.0432 
1.0450 
1.0469 
1.0488 
1.0507 
1.0526 
1.0545 
1.0564 
1.0584 
1.0603 
1.0623 
1.0642 
1.0662 
1.0681 
1 .0701 
1 .0721 
1 .0741 
1 .0761 
1.0781 
1.0801 
1 .0821 
1.0841 
1.0861 
1.0881 
1.0902 
1.0922 
1.0943 
1.0964 
1.0985 
1 . 1006 
1 . 1027 
1.1048 
1 . 1069 


DtfltM    1 

FtaOeat 

Dcc^MS 

8».Gr. 

Pmc— 

FtrOtBl 

TwaddeU. 

mcL 

^vAviHBv* 

l^v^^Mtfl 

■CL 

1.38 

1.40 

14.25 

1.1090 

21.80 

21.68 

2.80 

2.82 

14.50 

1.1111 

22.22 

22.09 

4.22 

4.25 

14.75 

1.1132 

22.64 

22.50 

5.68 

5.69 

15.00 

1.1154 

23.08 

22.92 

7.14 

7.15 

15.25 

1.1176 

23.52 

23.33 

7.50 

7.52 

15.50 

1.1197 

23.94 

23.75 

7.88 

7.89 

15.75 

1.1219 

24.38 

24.16 

8.26 

8.26 

16.0 

1.1240 

24.80 

24.57 

8.64 

8.64 

16.1 

1.1248 

24.96 

24.73 

9.00 

9.02 

16.2 

1.1256 

25.12 

24.90 

9.38 

9.40 

16.3 

1.1265 

25.30 

25.06 

9.76 

9.78 

16.4 

1.1274 

25.48 

25.23 

10.14 

10.17 

16.5 

1.1283 

25.66 

25.39 

10.52 

10.55 

16.6 

1.1292 

25.84 

25.56 

10.90 

10.94 

16.7 

1.1301 

26.02 

25.72 

11.28 

11.32 

16.8 

1.1310 

26.20 

25.89 

11.68 

11.71 

16.9 

1.1319 

26.38 

26.05 

12.06 

12.09 

17.0 

1.1328 

26.56 

26.22 

12.46 

12.48 

17.1 

1.1336 

26,72 

26.39 

12.84 

12.87 

17.2 

1.1345 

26.90 

26.56 

13.24 

13.26 

17.3 

1.1354 

27.08 

26.73 

13.62 

13.65 

17.4 

1.1363 

27.26 

26.90 

14.02 

14.04 

17.5 

1.1372 

27.44 

27.07 

14.42 

14.43 

17.0 

1.1381 

27.62 

27.24 

14.82 

14.83 

17.7 

1.1390 

27.80 

27.41 

15.22 

15.22 

17.8 

1.1399 

27.98 

27.58 

15.62 

15.62 

17.9 

1.1408 

28.16 

27.75 

16.02 

16.01 

18.0 

1.1417 

28.34 

27.92 

16.42 

16.41 

18.1 

1 . 1426 

28.52 

28.09 

16.82 

16.81 

18.2 

1.1435 

28.70 

28.26 

17.22 

17.21 

18.3 

1.1444 

28.88 

28.44 

17.62 

17.61 

18.4 

1.1453 

29.06 

28.61 

18.04 

18.01 

18.5 

1.1462 

29.24 

28.78 

18.44 

18.41 

18.6 

1.1471 

29.42 

28.95 

18.86 

18.82 

18.7 

1.1480 

29.60 

29.13 

19.28 

19.22 

18.8 

1.1489 

29.78 

29.30 

19.70 

19.63 

18.9 

1.1498 

29.96 

29.48 

20.12 

20.04 

19.0 

1.1508 

30.16 

29.65 

20.54 

20.45 

19.1 

1.1517 

30.34 

29.83 

20.96 

20.86 

19.2 

1.1526 

30.52 

30.00 

21.38 

21.27 

1 

19.3 

1 

1.1535 

30.70 

30.18 
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v.— HYDROCHLORIC  ACID   (Continued) 


Degrees 

8p.  Or. 

Degrees 

Per  Cent 

Degrees 

8p.  Gr. 

Degrees 

Percent 

BMnm6. 

Twaddell. 

HCl. 

Baumd. 

TwaddeU. 

HCl. 

19.4 

1.1544 

30.88 

30.35 

22.5 

l.!836 

36.72 

36.16 

19.5 

1.1554 

31.08 

30.53 

22.6 

1.1846 

36.92 

36.35 

19.6 

1.1563 

31.26 

30.71 

22.7 

1.1856 

37.12 

36.54 

19.7 

1 . 1572 

31. 4i 

30.90 

22.8 

1.1866 

37.32 

36.73 

19.8 

1.1581 

31.62 

31.08 

22.9 

1.1875 

37.50 

36.93 

19.9 

1.1590 

31.80 

31.27 

23.0 

1.1885 

37.70 

37.14 

20.0 

1.1600 

32.00 

31.45 

23.1 

1.1895 

37.90 

37.36 

20.1 

1.1609 

32.18 

31.64 

23.2 

1 .  1904 

38.08 

37.58 

20.2 

1.1619 

32.38 

31.82 

23.3 

1.1914 

38.28 

37.80 

20.3 

1.1628 

32.56 

32.01 

23.4 

1.1924 

38.48 

38.03 

20.4 

1.1637 

32.74 

32.19 

23.5 

1.1934 

38.68 

38.26 

20.5 

1.1647 

32.94 

32.38 

23.6 

1.1944 

38.88 

38.49 

20.6 

1.1656 

33.12 

32.56 

23.7 

1.1953 

39.06 

38.72 

20.7 

1.1666 

33.32 

32.75 

23.8 

1.1963 

39.26 

38.95 

20.8 

1.1675 

33.50 

32.93 

23.9 

1 . 1973 

39.46 

39.18 

20.9 

1.1684 

33.68 

33.12 

24.0 

1.1983 

39.66 

39.41 

21.0 

1.1694 

33.88 

33.31 

24.1 

1 . 1993 

39.86 

39.64 

21.1 

1.1703 

34.06 

33.50 

24.2 

1.2003 

40.06 

39.86 

21.2 

1.1713 

34.26 

33.69 

24.3 

1.2013 

40.26 

40.09 

21.3 

1.1722 

34.44 

33.88 

24.4 

1.2023 

40.46 

40.32 

21.4 

1.1732 

34.64 

34.07 

24.5 

1.2033 

40.66 

40.55 

21,5 

1.1741 

34.82 

34.26 

24.6 

1.2043 

40.86 

40.78 

21.6 

1.1751 

35.02 

34.45 

24.7 

1.2063 

41.06 

41.01 

21.7 

1 . 1760 

35.20 

34.64 

24.8 

1.2063 

41.26 

41.24 

21.8 

1.1770 

35.40 

34.83 

24.9 

1.2073 

41.46 

41.48 

21.9 

1.1779 

35.58 

35.02 

25.0 

1.2083 

41.66 

41.72 

22.0 

1.1789 

35.78 

35.21 

25.1 

1.2093 

41.86 

41.99 

22.1 

1.1798 

35.96 

35.40 

25.2 

1.2103 

42.06 

42.30 

22.2 

1 .  1808 

36.16 

35.59 

25.3 

1.2114 

42.28 

42.64 

22.3 

1.1817 

36.34 

35.78 

25.4 

1.2124 

42.48 

43.01 

22.4 

1.1827 

36.54 

35.97 

25.5 

1.2134 

42.68 

43.40 

Sp.  Gr.  determinations  were  made  at  60®  F.,  compared  with  water  at  60®  F. 
Fit>m  the  Specific  Gravities,  the  corresponding  degrees  Baurn^  were  calcu- 
lated by  the  following  formula:  Baum6  =  145  —  145/Sp.  Gr. 
Atomic  weights  from  F.  W.  Qarke's  table  of  1901 .    0=16. 

ALLOWANCE   FOR  TEMPERATURE: 

10-16*»  B6.  -  1/40®  B6.  or  .0002  Sp.  Gr.  for  1®  F. 
16-22®  B^.  -  1/30®  B^.  or  .0003  "  "  "  1®  F. 
22-25*»  B^.     -     1/28®  B6.  or  .00035  "      "    "    1®  F. 

Authority  —  W.  C.  Ferguson. 

This  table  has  been  approved  and  adopted  as  a  Standard  by  the  Manu- 
facturing Chemists'  Association  of  the  United  States. 

W.  H.  Bower,  Jas.  L.  Morgan, 

Henry  Howard,        Arthur  Wyman, 
A.  G.  Rosengarten, 
New  York,  May  14,  1903.  ExectUive  Committer 
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TABLES  AND  USEFUL  DATA 


VI.— HYDROCHLORIC  ACID 

LUNOE   AND   MaRCHLEWBKI 


Specific 
Oravity. 

4' 
In  Vacuo. 

Per  Cent 
HCl 

by  Weight. 

lUter 
con- 
taini 

Grams 
HCl. 

Specific 
Gravity 

IS* 

4* 
in  Vacuo. 

Percent 

HCl 

by  Weight. 

I  Liter 
con- 
tain! 

Grama 
HCl. 

Specific 
Gravity 

in  Vacuo. 

Percent 

HCl 

byWeiglit. 

ilitcr 

tains 

Grami 

HCl. 

1.000 

0.16 

1.6 

1.075 

15.16 

163 

1.145 

28.61 

328 

1.005 

1.15 

12 

1.080 

16.15 

174 

1.150 

29.57 

340 

1.010 

2.14 

22 

1.085 

17.13 

186 

1.152 

29.95 

345 

1.015 

3.12 

32 

1.090 

18.11 

197 

1.155 

30.55 

353 

1.020 

4.13 

42 

1.095 

19.06 

209 

1.160 

31.52 

366 

1.025 

5.15 

53 

1.100 

20.01 

220 

1.163 

32.10 

373 

1.030 

6.15 

64 

1.105 

20.97 

232 

1.165 

32.49 

379 

1.035 

7.15 

74 

1.110 

21.92 

243 

1.170 

33.46 

392 

1.040 

8.16 

85 

1.115 

22.86 

255 

1.171 

33.65 

394 

1.045 

9.16 

96 

1.120 

23.82 

267 

1.175 

34.42 

404 

1.050 

10.17 

107 

1.125 

24.78 

278 

1.180 

35.39 

418 

1.055 

11.18 

118 

1.130 

25.75 

291 

1.185 

36.31 

430 

1.060 

12.19 

129 

1.135 

26.70 

303 

1.190 

37.23 

443 

1.065 

13.19 

141 

1.140 

27.66 

315 

1.195 

38.16 

456 

1.070 

14.17 

152 

1 . 1425 

28.14 

322 

1.200 

39.11 

469 

COMPOSITION  OF  CONSTANT  BOILING 
HYDROCHLORIC  ACID* 


Pressure  mm.  of 
Mercury. 

Per  Cent  of 
HCi. 

Grams  eonstaat 

boiling  distilUte 

for  I  mol.  HCl. 

770 
760 
750 
740 
730 

20.218 
20.242 
20.266 
20.290 
20.314 

180.390 
180.170 
179.960 
179.745 
179.530 

Temperature  of  constant  boiling  hydrochloric  acid  is  108.54®  at  763  mziL 
Specific  gravity  1.09620**. 

*  Hulett  and  Bonner,  Jour.  Am.  Chem.  Soc.  ttki,  390* 
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VII.— NITRIC  ACID 
Bt  W.  C.  Febouson 


Decreet 

8p.  Gr. 

Decrees 

Per  Cent 

Decrees 

8p.  Gr. 

6o* 

Decrees 

Percent 

Batting. 

6oO*^- 

TwaddeU. 

HRO,. 

Baaing. 

TwaddeU. 

END,. 

10.00 

1 .0741 

14.82 

12.86 

21.25 

1.1718 

34.36 

28.02 

10.25 

1 .0761 

15.22 

13.18 

21.50 

1.1741 

34.82 

28.36 

10.50 

1 .0781 

15.62 

13.49 

21.75 

1.1765 

35.30 

28.72 

10.75 

1 .0801 

16.02 

13.81 

22.00 

1.1789 

35.78 

29.07 

11.00 

1 .0821 

16.42 

14.13 

22.25 

1.1813 

36.26 

29.43 

11.25 

1.0841 

16.82 

14.44 

22.50 

1.1837 

36.74 

29.78 

11.50 

1.0861 

17.22 

14.76 

22.75 

1.1861 

37.22 

30.14 

11.75 

1.0881 

17.62 

15.07  ! 

23.00 

1.1885 

37.70 

30.49 

12.00 

1.0902 

18.04 

15.41 

23.25 

1.1910 

38.20 

30.86 

12.25 

1.0922 

18.44 

15.72 

23.50 

1.1934 

38.68 

31.21 

12.50 

1.0943 

18.86 

16.05 

23.75 

1 . 1959 

39.18 

31.58 

12.75 

1.0964 

19.28 

16.39 

24.00 

1.1983 

39.66 

31.94 

13.00 

1.0985 

19.70 

16.72 

24.25 

1.2008 

40.16 

32.31 

13.25 

1 . 1C06 

20.12 

17.05 

24.50 

1.2033 

40.66 

32.68 

13.50 

1.1027 

20.54 

17.38 

24.75 

1.2058 

41.16 

33.05 

13.75 

1 . 1048 

20.96 

17.71 

25.00 

1.2083 

41.66 

33.42 

14.00 

1 . 1069 

21.38 

18.04 

25.25 

1.2109 

42.18 

33.80 

14.25 

1.1090 

21.80 

18.37 

25.50 

1.2134 

42.68 

34.17 

14.50 

1.1111 

22.22 

18.70 

25.75 

1.2160 

43.20 

34.56 

14.75 

1.1132 

22.64 

19.02 

26.00 

1.2185 

43.70 

34.94 

15.00 

1.1154 

23.08 

19.36 

26.25 

1.2211 

44.22 

35.33 

15.25 

1.1176 

23.52 

19.70 

26.50 

1.2236 

44.72 

35.70 

15.50 

1.1197 

23.94 

20.02 

26.75 

1.2262 

45.24 

36.09 

15.75 

1.1219 

24.38 

20.36 

27.00 

1.2288 

45.76 

36.48 

16.00 

1.1240 

24.80 

20.69 

27.25 

1.2314 

46.28 

36.87 

16.25 

1.1262 

25.24 

21.03 

27.50 

1.2340 

46.80 

37.26 

16.50 

1.1284 

25.68 

21.36 

27.75 

1 . 2367 

47.34 

37.67 

16.75 

1.1306 

26.12 

21.70 

28.00 

1.2.393 

47.86 

38.06 

17.00 

1 . 1328 

26.56 

22.04 

28.25 

1.2420 

48.40 

38.46 

17.25 

1.1350 

27.00 

22.38 

28.50 

1.2446 

48.92 

38.85 

17.50 

1.1373 

27.46 

22.74 

28.75 

1.2473 

49.46 

39.25 

17.75 

1.1395 

27.90 

23.08 

29.00 

1.2500 

50.00 

39.66 

18.00 

1.1417 

28.34 

23.42 

29.25 

1.2527 

50.54 

40.06 

18.25 

1 . 1440 

28.80 

23.77 

29.50 

1.2554 

51.08 

^^0.47 

18.50 

1 . 1462 

29.24 

24.11 

29.75 

1.2582 

51.64 

40.89 

18.75 

1.1485 

29.70 

24.47 

30.00 

1.2609 

52.18 

41.30 

19.00 

1.1508 

30.16 

24.82 

30.25 

1.2637 

52.74 

41.72 

19.25 

1.1531 

30.62 

25.18 

30.50 

1.2664 

53.28 

42.14 

19.50 

1.1554 

31.08 

25. ,53 

30.75 

1.2692 

53.84 

42.58 

19.75 

1.1577 

31.54 

25.88 

31 .00 

1.2719 

54.38 

43.00 

20.00 

1.16C0 

32.00 

26.24 

31.25 

1.2747 

54.94 

43.44 

20.25 

1.1624 

32.48 

26.61 

31.50 

1.2775 

55.50 

43.89 

20.50 

1.1647 

32.94 

26.96 

31.75 

1.2S04 

56.08 

44,34 

20.75 

1.1671 

33.42 

27.33 

32.00 

1.2832 

56.64 

44.78 

21.00 

1.1694 

33.88 

27.67 

32.25 

1.2861 

57.22 

45.24 
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VII.— NITRIC  ACID   (Continued) 


Decrees 
BaunA. 


32.50 

32.75 

33.00 

33.25 

33.50 

33.75 

34.00 

34.25 

34.50 

34.75 

35.00 

35.25 

35.50 

35.75 

36.00 

36.25 

36.50 

36.75 

37.00 

37.25 

37.50 

37.75 

38.00 

38.25 

38.50 

38.75 

39.00 

89.25 

39.50 

39.75 

40.00 

40.25 

40.50 


Sp.  Gr. 


1.2889 

1.2918 

1.2946 

1.2975 

1.3004 

1.3034 

1.3063 

1.3093 

1.3122 

1.3152 

1.3182 

1.3212 

1.3242 

1.3273 

1.3303 

1.3334 

1.3364 

1.3395 

1.3426 

1.3457 

1.3488 

1.3520 

1.3551 

1.3583 

1.3615 

1.3647 

1.3679 

1.3712 

1.3744 

1.3777 

1.3810 

1.3843 

1.3876 


Defreet 

Twaddell. 


57.78 

58.36 

58.92 

59.50 

60.08 

60.68 

61.26 

61.86 

62.44 

63.04 

63.64 

64.24 

64.84 

65.46 

66.06 

66.68 

67.28 

67.90 

68.52 

69.14 

69.76 

70.40 

71.02 

71.66 

72.30 

72.94 

73.68 

74.24 

74.88 

75.54 

76.20 

76.86 

77.52 


Percent 
HNOs. 


45.68 

46.14 

46.58 

47.04 

47.49 

47.95 

48.42 

48.90 

49.35 

49.83 

50.32 

50.81 

51.30 

51.80 

52.30 

52.81 

53.32 

53.84 

54.36 

54.89 

55.43 

55.97 

56.52 

57.08 

57.65 

58.23 

58.82 

59.43 

60.06 

60.71 

61.38 

62.07 

62.77 


Decrees 
Battm^. 


40.75 

41.00 

41.25 

41.50 

41.75 

42.00 

42.25 

42.50 

42.75 

43.00 

43.25 

43.50 

43.75 

44.00 

44.25 

44.50 

44.75 

45.00 

45.25 

45.50 

45.75 

46.00 

46.25 

46.50 

46.75 

47.00 

47.25 

47.50 

47.75 

48.00 

48.25 

48.50 


8p.  Gr. 

_P. 

6o» 


1.3909 

1.3942 

1.3976 

1.4010 

1.4044 

1.4078 

1.4112 

1.4146 

1.4181 

1.4216 

1.4251 

1.4286 

1.4321 

1.4356 

1.4392 

1.4428 

1.4464 

1.4500 

1.4536 

1.4573 

1.4610 

1.4646 

1.4684 

1.4721 

1.4768 

1.4796 

1.4834 

1.4872 

1.4910 

1.4948 

1.4987 

1.5026 


Degrees 
TwaddeU. 


I   Percent 
HHOli. 


78.18 
78.84 
79.52 
80.20 
80.88 
81.56 
82.24 
82.92 
83.62 
84.32 
85.02 
85.72 
86.42 
87.12 
87.84 
88.56 
89.28 
90.00 
90.72 
91.46 
92.20 
92.92 
93.68 
94.42 
95.16 
95.92 
96.68 
97.44 
98.20 
98.96 
99.74 
100.52 


63.48 

64.20 

64.93 

65.67 

66.42 

67.18 

67.95 

68.73 

69.52 

70.33 

71.15 

71.98 

72.82 

73.67 

74.53 

75.40 

76.28 

77.17 

78.07 

79.03 

80.04 

81.08 

82.18 

83.33 

84.48 

85.70 

86.98 

88.32 

89.76 

91.35 

93.13 

95.11 


S|»«K»lflc  Qravitjr  defemilnationa  "were  niiule  at  60»  F.,  compared  with  wator  at  W  F. 

From  the  Speoiflc  Gravities,  the  oorreepoiiding  Acgriea  Baum^  were  calculated  by  the 

following  formula :  «        ^      - «.         146 

Baani^  =  146  —  = — 7: — 
Sp.  Gr. 

Baum^  Hydrometers  for  use  with  this  table  must  be  graduated  by  the  above  formula, 

which  formula  should  alwaTS  be  printed  on  the  scale. 

Atomic  weights  from  F.  W.  Clarke's  table  of  1901.     O  =  Ifi. 

ALLOWANCE  FOR  TEMPERATURE: 

At  10°  —  20»     B^.  —  1/30*  B<.  or  .00029  Sp.  Gr.  =  1«  F. 

•20«  — ;«P     B<^.  —  1/230  B*.  OP  .OOOH  **      "    =1«»F. 

3(f>  —  4<F     B^.  —  1/20*  B«.  or  .00060  "      ••    =  P  F. 

40*  —  -18.5°  B^.  —  1/17*  B*.  or  .OOOM  "      "    =  1«  F. 

Authority ~W.  C.  Ferocsox. 

Ill  Is  tabl^  ha<«  b«^n  approvetl  and  adopted  as  a  Standard  by  the  Manufacturing  Chemistr 
AssoiMation  of  the  United  States. 

W.  H.  BOWER,  JAS.  L.  MORGAN. 

HENRY   HOWARD.     ARTHUR  WYMAN. 
New  York,  May  U,  1903.  A.  G.  R08ENGARTEN,  Sxteutive 
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Specific 

xoo  parts  by  weight 

X  liter  con- 

Specific 
Gravity 

in  vacuo 

xoo  parts  by  weight 

I  liter  con- 

Gravity 

contain 

tains  granu 

contain 

tains  grains 

in  vacuo 

% 
W.O5 

% 
HKO, 

H,0» 

HIIO, 

H.O5 

% 
HNO3 

H,05 

HUO, 

1.000 

0.08 

0.10 

1 

1 

1.195 

27.10 

31.62 

324 

378 

1.005 

0.85 

1.00 

8 

10 

1.200 

27.74 

32.36 

333 

388 

1.010 

1.62 

1.90 

16 

19 

1.205 

28.36 

33.09 

342 

399 

1.015 

2.39 

2.80 

24 

28 

1.210 

28.99 

33.82 

351 

409 

1.020 

3.17 

3.70 

33 

38 

1.215 

29.61 

34.55 

360 

420 

1.025 

3.94 

4.60 

40 

47 

1.220 

30.24 

35.28 

369 

430 

1.030 

4.71 

5.50 

49 

57 

1.225 

30.88 

36.03 

378 

441 

1.035 

5.47 

6.38 

57 

66 

1.230 

31.53 

36.78 

387 

452 

1.040 

6.22 

7.26 

64 

75 

1.235 

32.17 

37.53 

397 

463 

1.045 

6.97 

8.13 

73 

85 

1.240 

32.82 

38.29 

407 

475 

1.050 

7.71 

8.99 

81 

94 

1.245 

33.47 

39.05 

417 

486 

1.055 

8.43 

9.84 

89 

104 

1.250 

34.13 

39.82 

427 

498 

1.060 

9.15 

10.68 

97 

113 

1.255 

34.78 

40.58 

437 

509 

1.065 

9.87 

11.51 

105 

123 

1.260 

35.44 

41.34 

447 

521 

1.070 

10.57 

12.33 

113 

132 

1.265 

36.09 

42.10 

457 

533 

1.075 

11.27 

13.15 

121 

141 

1.270 

36.75 

42.87 

467 

544 

1.080 

11.96 

13.95 

129 

151 

1.275 

37.41 

43.64 

477 

556 

1.085 

12.64 

14.74 

137 

160 

1.280 

38.07 

44.41 

487 

568 

1.090 

13.31 

15.53 

145 

169 

1.285 

38.73 

45.18 

498 

581 

1.095 

13.99 

16.32 

153 

179 

1.290 

39.39 

45. a5 

508 

593 

1.100 

14.67 

17.11 

161 

188 

1.295 

40.05 

46.72 

519 

605 

1.105 

15.34 

17.89 

170 

198 

1.300 

40.71 

47.49 

529 

617 

1.110 

16.00 

18.67 

177 

207 

1.305 

41.37 

48.26 

540 

630 

1.115 

16.67 

19.45 

186 

217 

1.310 

42.06 

49.07 

551 

643 

1.120 

17.34 

20.23 

195 

227 

1.315 

42.76 

49.89 

562 

656 

1.125 

18.00 

21.00 

202 

236 

1.320 

43.47 

50.71 

573 

669 

1.130 

18.66 

21.77 

211 

246 

1.325 

44.17 

51.53 

585 

683 

1.135 

19.32 

22.54 

219 

256 

1.330 

44.89 

52.37 

597 

697 

1.140 

19.98 

23.31 

228 

266 

1.3325 

45.26 

52.80 

603 

704 

1.145 

20.64 

24.08 

237 

276 

1.335 

45.62 

53.22 

609 

710 

1.150 

21.29 

24.84 

245 

286 

1.340 

46.35 

54.07 

621 

725 

1.155 

21.94 

25.60 

254 

296 

1.345 

47.08 

54.93 

633 

739 

1.160 

22.60 

26.36 

262 

306 

1.350 

47.82 

55.79 

645 

753 

1.165 

23.25 

27.12 

271 

316 

1.355 

48.57 

56.66 

658 

768 

1.170 

23.90 

27.88 

279 

326 

1.360 

49.35 

57.57 

671 

783 

1.175 

24.54 

28.63 

286 

336 

1.365 

50.13 

58.48 

684 

798 

1.180 

25.18 

29.38 

297 

347 

1.370 

50.91 

59.39 

698 

814 

1.185 

25.83 

30.13 

306 

357 

1.375 

51.69 

60.30 

711 

829 

1.190 

26.47 

30.88 

1 

315 

367 

1.380 

52.52 

61.27 

725 

846 

788 
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VIII.— XITKIC   ACID   (Continued) 


SMdflc 

Gravity 
In  vacao 

loo  parts  br  waigbt 
contain 

I  Utar  con- 
tainafranis 

Spedlic 

Gravity 

ISO 

invacoo 

1 

loo  parts  by  waigfat 
oontatn 

z  titer  oo»- 
tains  grams 

% 

HMQg 

H«Ok 

HVOk 

% 

11,0, 

% 
HHOi 

n«o. 

HHO, 

1.3833 

53.08 

61.92 

735 

857 

1.495 

78.52 

91.60 

1174 

1360 

1.3S5 

53.35 

62.24 

739 

862 

1.500 

80.65 

94.09 

1210 

1411 

1.390 

54.20 

63.23 

753 

879 

1.501 

81.09 

94.60 

1217 

1420 

1.395 

55.07 

64.25 

768 

896 

1.502 

81.50 

95.08 

1224 

1428 

1.400 

55.97 

65.30 

783 

914 

1.503 

81.91 

95.55 

1231 

1436 

1.405 

56.92 

66.40 

800 

933 

1.504 

82.29 

96.00 

1238 

1444 

1.410 

57.86 

67.50 

816 

952 

1.505 

82.63 

96.39 

1244 

1451 

1.415 

58.83 

68.63 

832 

971 

1.506 

82.94 

96.76 

1249 

1457 

1.420 

59.83 

69.80 

849 

991 

1.507 

83.26 

97.13 

1255 

1464 

1.425 

60.84 

70.98 

867 

1011 

1.508 

83.58 

97.50 

1260 

1470 

1.430 

61.86 

72.17 

885 

1032 

1.509 

83.87 

97.84 

1265 

1476 

1.435 

62.91 

73.39 

903 

1053 

1.510 

84.09 

98.10 

1270 

14S1 

1.440 

64.01 

74.68 

921 

1075 

1,511 

84.28 

98.32 

1274 

1486 

1.445 

65.13 

75.98 

941 

1098 

1.512 

84.46 

98.53 

1277 

1490 

1.450 

66.24 

77.28 

961 

112l| 

1.513 

84.63 

98.73 

1280 

1494 

1.455 

67.38 

78.60 

981 

1144 

1.514 

84.78 

98.90 

1283 

1497 

1.460 

68.56 

79.98 

1001 

1168 

1.515 

84.92 

99.07 

1287 

1501 

1.465 

69.79 

81.42 

1023 

1193 

1.516 

85.04 

99.21 

1289 

1504 

1.470 

71.06 

82.  CO 

1045 

1219 

1.517 

85.15 

99.34 

1292 

1507 

1.475 

72.39 

84.45 

1068 

1246 

1.518 

85.26 

99.46 

1294 

1510 

1.480 

73.76 

86.05 

1092 

1274 

1.519 

85.35 

99.57 

1296 

1512 

1.485 

75.18 

87.70 

1116 

1302 

1.520 

85.44 

99.67 

1299 

1515 

1.490 

76.80 

89.60 

1144 

1335 
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IX.— SULPHURIC  ACID 
Bt  W.  C.  Ferquson  and  H.  P.  Talbot 


Degrees 
Baiim6. 

Specific 
Orayity 

6of* 

Decreet 
Twaddell. 

Per 

Cent 

B,804. 

Weight  of 

1  Cu.  Ft.  in 

Lbs.  Av. 

Percent 
0.  ¥.♦ 

Povndi  O.V. 

in 
1  Cubic  Foot. 

0 

1.0000 

0.0 

0.00 

62.37 

0.00 

0.00 

1 

1.0069 

1.4 

1.02 

62.80 

1.09 

0.68 

2 

1.0140 

2.8 

2.08 

63.24 

2.23 

1.41 

3 

1.0211 

4.2 

3.13 

63.69 

3.36 

2.14 

4 

1.0284 

5.7 

4.21 

64.14 

4.52 

2.90 

5 

1.0357 

7.1 

5.28 

64.60 

5.67 

3.66 

6 

1 .0432 

8.6 

6.37 

65.06 

6.84 

4.45 

7 

1.0507 

10.1 

7.45 

65.53 

7.99 

5.24 

8 

1.0584 

11.7 

8.55 

66.01 

9.17 

6.06 

9 

1.0662 

13.2 

9.66 

66.50 

10.37 

6.89 

10 

1.0741 

14.8 

10.77 

66.99 

11.56 

7.74 

11 

1.0821 

16.4 

11.89 

67.49 

12.76 

8.61 

12 

1.0902 

18.0 

13.01 

68.00 

13.96 

9.49 

13 

1.0985 

19.7 

14.13 

68.51 

15.16 

10.39 

14 

1 . 1069 

21.4 

15.25 

69.04 

16.36 

11.30 

15 

1.1154 

23.1 

16.38 

69.57 

17.58 

12.23 

16 

1 . 1240 

24.8 

17.5^ 

70.10 

18.81 

13.19 

17 

1.1328 

26.6 

18.71 

70.65 

20.08 

14.18 

18 

1.1417 

28.3 

19.89 

71.21 

21.34 

15.20 

19 

1.1508 

30.2 

21.07 

>    71.78 

22.61 

16.23 

20 

1.1600 

32.0 

22.25 

72.35 

23.87 

17.27 

21 

1.1694 

33.9 

23.43 

72.94 

25.14 

18.34 

22 

1.1789 

35.8 

24.61 

73.53 

26.41 

19.42 

23 

1.1885 

37.7 

25.81 

.  74.13 

27.69 

20.53 

24 

1.1983 

39.7 

27.03 

74.74 

29.00 

21.68 

Sp.  Gr.  determinations  were  made  at  60°  F.,  compared  with  water  at  60**  F. 

From  the  Sp.  Grs.,  the  corresponding  degrees  Baum^  were  calculated  by 
the  following  formula:  Bamn^  =  145  — 145/Sp.  Gr. 

Baum^  Hydrometers  for  use  with  this  table  must  be  graduated  by  the 
above  formula,  which  formula  should  always  be  printed  on  the  scale. 

*  66**  Baumd  -  Sp.  Gr.  1.8354  -  Oil  of  Vitriol  (O.  V.). 

1  cu.  ft.  water  at  60**  F.  weighs  62.37  lbs.  av. 

Atomic  weights  from  F.  W.  Clarke's  table  of  1901.    O  =  16. 

H2SO4   =  100  per  cent. 

%  H^O,  %  O.  V.  %60** 

O.V.   =93.19  =  100.00  =  119.98 

60**      =  77.67  =  83.35  =  100.00 

50**      =62.18  =  66.72=  80.06 
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IX.- SULPHURIC  ACID   (Continued) 


Degrees 
BAam6. 


0 
1 
2 
3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 


•  Preeiinc 
(Meltinc) 
Point. 
F. 


32.0 
31.2 
30.5 
29.8 
28.9 

28.1 
27.2 
26.3 
25.1 
24.0 

22.8 
21.5 
20.0 
18.3 
16.6 

14.7 
12.6 
10.2 

7.7 
4.8 

+   1.6 

-  1.8 

-  6.0 
-11 
-16 


APPROXIMATE  BOILING  POINTS 

50°  B,  295°  F. 
60°  "  386°  " 


61° 
62° 
63° 
64° 
65° 
66° 


tt 
tt 
it 
tt 
tt 
tt 


400°  " 
415°  " 
432°  " 
451°  " 
485°  " 
538°  " 


FIXED  POINTS 


Specific 
Grayity. 


1.0000 
1.0048 
1.0347 
1.0649 
1.0992 
1.1353 
1.1736 
1.2105 
1.2513 
1.2951 
1.3441 
1.3947 
1.4307 
1.4667 
1 . 4822 


Per  Cent 
H,80«. 


.00 

.71 

5.14 

9.48 

14.22 

19.04 

23.94 

28.55 

33.49 

38.64 

44.15 

49.52 

53.17 

56.68 

58.14 


Specific 

Percent 

Gravity. 

H,804. 

1.5281 

62.34 

1.5440 

63.79 

1.5748 

66.51 

1.6272 

71.00 

1.6679 

74.46 

1 . 7044 

77.54 

1.7258 

79.40 

1.7472 

81.32 

1.7700 

83.47 

1.7959 

86.36 

1.8117 

88.53 

1.8194 

89.75 

1.8275 

91.32 

1.8354 

93.19 

Acids  stronger  than  66°  B^.  should  have  their  percentage  compositionf 
determined  by  chemical  analysis. 

*  Calculated  from  Pickering's  results,  Jour,  of  Lon.  Ch.  Soc,  vol.  57,  p.  363. 

Authorities  —  W.  C.  Ferguson;  H.  P.  Talbot. 

This  table  has  been  approved  and  adopted  as  a  standard  by  tlie  Manu- 
facturing Chemist.s'  Association  of  the  United  States. 

W.  H.  Bower. 
Henry  Howard, 
Jas.  L.  Morgan, 
Arthur  Wyman, 
a.  g.  rosenqarten, 
New  York,  June  23,  1904.  Executive  CommiUt^ 
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IX.— SULPHURIC  ACID   (Continued) 


Degrees 

BAiim6. 

Specific 
Gravity 

Decrees 
TwaddeU. 

Per 

Cent 

H,SO,. 

Weifht  of 

1  Ctt.  Pt.  iB 

Lbs.  Av. 

Percent 
0.  V. 

PovndsO.  V. 

in 
X  Cubic  Foot. 

25 

1.2083 

41.7 

28.28 

75.36 

30.34 

22.87 

26 

1.2185 

43.7 

29.53 

76.00 

31.69 

24.08 

27 

1.2288 

45.8 

30.79 

76.64 

33.04 

25.32 

28 

1.2393 

47.9 

32.05 

77.30 

34.39 

26.58 

29 

1.2500 

50.0 

3:{.33 

77.96 

35.76 

27.88 

30 

1.2609 

52.2 

34.63 

78.64 

37.16 

29.22 

31 

1.2719 

54.4 

35.93 

79.33 

38.55 

30.58 

32 

1.2832 

56.6 

37.26 

80.03 

39.98 

32.00 

33 

1.2946 

58.9 

38.58 

80.74 

41.40 

33.42 

34 

1.3063 

61.3 

39.92 

81.47 

42.83 

34.90 

35 

1.3182 

63.6 

41.27 

82.22 

44.28 

36.41 

36 

1.3303 

66.1 

42.63 

82.97 

45.74 

37.95 

37 

1.3426 

68.5 

43.99 

83.74 

47.20 

39.53 

38 

1.3551 

71.0 

45.35 

84.52 

48.66 

41.13 

39 

1.3679 

•    73.6 

46.72 

85.32 

50.13 

42.77 

40 

1.3810 

76.2 

48.10 

86.13 

51.61 

44.45 

41 

1.3942 

78.8 

49.47 

86.96 

53.08 

46.16 

42 

1.4078 

81.6 

50.87 

87.80 

54.58 

47.92 

43 

1.4216 

84.3 

52.26 

88.67 

56.07 

49.72 

44 

1.4356 

87.1 

53.66 

89.54 

57.58 

51.56 

45 

1.4500 

90.0 

55.07 

90.44 

59.09 

53.44 

46 

1.4646 

92.9 

56.48 

91.35 

60.60 

55.36 

47 

1.4796 

95.9 

57.90 

92.28 

62.13 

57.33 

48 

1.4948 

99.0 

59.32 

93.23 

63.65 

59.34 

49 

1.5104 

102.1 

60.75 

94.20 

65.18 

61.40 

50 

1.5263 

105.3 

62.18 

95.20 

66.72 

63.52 

51 

1.5426 

108.5 

63.66 

96.21 

68.31 

65.72 

52 

1.5591 

111.8 

65.13 

97.24 

69.89 

67.96 

53 

1.5761 

115.2 

66.63 

98.30 

71.50 

70.28 

54 

1.5934 

118.7 

68.13 

99.38 

73.11 

72.66 

55 

1.6111 

122.2 

69.65 

100.48 

74.74 

75.10 

56 

1.6292 

125.8 

71.17 

101.61 

76.37 

77.60 

57 

1.6477 

129.5 

72.75 

102.77 

78.07 

80.23 

58 

1.6667 

133.3 

74.36 

103.95 

79.79 

82.95 

59 

1.6860 

137.2 

75.99 

105.16 

81.54 

85.75 
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IX.— SULPHURIC  ACID  (Continued) 


Decrees 

Baam6. 

•  Freeiinc 

(Meltinc) 
'    Point. 

^F. 

AT  J  rwxr  kun? 

VCY^    Timf PITW  ATTTWP 

25 

-23 

AXtL 

ivf  »¥  r%^^\^tu 

r  xjix    1  iLJiix  JSiXwl  1  u  IV. 

at 

26 

-30 

At  10*»    B6.  .029**  B^ 

5.  or    .00023  Sp.Gr.    = 

1**F. 

27 

-39 

"    20** 

"    .036** 

"     .00034       "        = 

|0  it 

28 

-49 

"    30** 

"    .035** 

"     .00039       "       = 

^O  it 

29 

-61 

"    40** 

"    .031** 

"     .00041       "        = 

1  o  <« 

"    50** 

"    .028** 

"     .00045       "        = 

^o  u 

30 

-74 

"    60** 

"    .026** 

"     .00053       "        = 

|0  « 

31 

-82 

"    63** 

"    .026** 

"     .00057       "        = 

jO  (f 

32 

-96 

"    66** 

"    .0235** 

"     .00064       "       « 

1  o  tt 

33 

-97 

34 

-91 

• 

35 
36 

-81 
-70 

_  _ 

37 

38 
39 

40 

-60 
-53 
-47 

-41 

Per  Cent 
BAiim6. 

Pounds 
6ooBavm6 

in 
1  Cvbic  Foot. 

Per  Cent 
Baom6. 

Pounds 

in 
I  Cvbic  Foot 

61.93 

53.34 

77.36 

66.63 

41 

-35 

63.69 

55.39 

79.56 

69.19 

42 

-31 

65.50 

57.50 

81.81    ' 

71.83 

43 

-27 

67.28 

59.66 

84.05 

74.53 

44 

-23 

69.09 

61.86 

86.30 

77.27 

45 

-20 

70.90 

64.12 

88.56 

80.10 

46 

-14 

72.72 

66.43 

90.83 

82.98 

47 

-15 

74.55 

68.79 

93.12 

85.93 

48 

-18 

76.37 

71.20 

95.40 

88.94 

49 

-22 

78.22 

73.68 

97.70 

92.03 

50 

-27 

80.06 

76.21 

100.00 

95.20 

51 

-33 

81.96 

78.85 

102.38 

98.50 

52 

-39 

83.86 

81.54 

104.74 

101.85 

53 

-49 

85.79 

84.33 

107.15 

105.33 

54 

-59 

87.72 

87.17 

109.57 

108.89 

55 

•    • 

89.67 

90.10 

112.01 

112.55 

56 

5 

91.63 

93.11 

114.46 

116.30 

57 

■  •    ^ 
-   7^ 

93.67 

96.26 

117.00 

120.24 

58 

95.74 

99.52 

119.59 

124.31 

59 

97.84 

102.89 

122.21 

128.52 
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IX.— SULPHURIC  ACID  (Continued) 


60 
61 
62 
63 
64 

64i 

64i 

64f 

65 

65i 

65i 
65f 
66 


Specific 
GrETity 

Degrees 
TwmddeU. 

Per 

Cent 

H,S04. 

1.7059 

141.2 

77.67 

1.7262 

145.2 

79.43 

1.7470 

149.4 

81.30 

1.7683 

153.7 

83.34 

1.7901 

158.0 

85.66 

1.7957 

159.1 

86.33 

1.8012 

160.2 

87.04 

1.8068 

161.4 

87.81 

1.8125 

162.5 

88.65 

1.8182 

163.6 

89.55 

1.8239 

164.8 

90.60 

1.8297 

165,9 

91.80 

1.8354 

167.1 

93.19 

Weight  of 

I  Ctt.  Ft.  in 

Lbs.  At. 


106.40 
107.66 
108.96 
110.29 
111.65 

112.00 
112.34 
112.69 
113.05 
113.40 

113.76 
114.12 
114.47 


Per  Cent 
O.V. 


83.35 
85.23 
87.24 
89.43 
91.92 

92.64 
93.40 
94.23 
95.13 
96.10 

97.22 

98.51 

100.00 


PonndsO.  V. 

in 
I  Cubic  Foot. 


88.68 
91.76 
95.06 
98.63 
102.63 

103.75 
104.93 
106.19 
107.54 
108.97 

110.60 
112.42 
114.47 


X.— SULPHURIC  ACID  TABLE 

94-100%  H2SO4 
Bt  H.  B.  Bishop 

The  acid  used  in  this  table  was  prepared  from  Baker  and  Adamson's  c.p. 
sulphuric  acid  95  per  cent,  which  was  strengthened  to  100  per  cent  by  the 
addition  of  fuming  sulphuric  acid  made  by  distilling  fuming  acid  (70  per  cent 
free  S0|)  into  a  portion  of  the  95  per  cent  c.p.  acid.  The  final  acid  was  tested 
for  impurities:  residue  upon  evaporation,  chlorine,  niter  and  sulphur  dioxide. 
The  only  impurity  found  was  a  trace  of  sulphur  dioxide  (0.001  per  cent)  which 
was  less  than  the  sensitiveness  of  the  determination. 

The  analytical  and  specific  gravity  determinations,  and  the  allowance  for 
temperature  were  made  in  the  same  manner,  and  with  the  same  accuracy  as 
in  the  sulphuric  acid  table  adopted  in  1904,  the  specific  gravity  1.8354  and 
93.19  per  cent  H3SO4  being  taken  as  a  standard. 

The  actual  determinations  were  made  within  a  few  hundredths  of  a  per  cent 
of  the  points  given  in  the  table,  the  even  percentages  being  calculated  by 
interpolation. 


B6. 

Sp.  Gr.  «t  60*  F. 

Per  Cent. 
H.SO« 

Wt.  1  Cu.  Ft. 

AUowanoe  for  Temperature. 

66 

1.8354 

93.19 

114.47 

At    94%  .00054  sp.gr.  =  1  °  F. 

66.12 

1.8381 

94.00 

114.64 

'*    96      .0053       *'     =rF. 

66.23 

1.8407 

95.00 

114.80 

''    97.5  .00052     **     =1*»F. 

66.31 

1.8427 

96.00 

114.93 

^'  100      .00052     **     =rF. 

66.36 

1.8437 

97.00 

114.99 

66.36 

1.8439 

97.50 

114.99 

66.36 

1.8437 

98.00 

114.99 

66.30 

1.8424 

99.00 

114.91 

66.16 

1.8391 

100.00 

114.70 
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XL— MELTING-POINTS  OF  ACETIC  ACID 
RuDORFP,  Ber.  8,  390. 


loojpr. 

H.CAO3 

mixed  with 

gr.  water. 

100  perts 
by  weicht  con- 
tain parts 
water. 

MettiacCaolidi- 
tyi^K)  point 

loocr. 

mixed  with 
Cr.  water. 

100  parts 
bj  wefeht  con- 
tain parts 
water. 

Ifoltinc 

0.0 

0.0 

16. 7» 

8.0 

7.407 

6.25* 

0.5 

0.497 

15.65 

9.0 

8.257 

5.3 

1.0 

0.990 

14.8 

10.0 

9.090 

4.3 

1.5 

1.477 

14.0 

11.0 

9^10 

3.6 

2.0 

1.961 

13.25 

12.0 

10.  n4 

2.7 

3.0 

2.912 

11.95 

15.0 

13:043 

-0.2 

4.0 

3.846 

10.5 

18.0 

15.324 

-2.6 

6.0 

4.761 

9.4 

21.0 

17.355 

-5.1 

6.0 

5.660 

8.2 

24.0 

19.354 

-7.4 

7.0 

6.542 

7.1 

Boiling  point  100%  acid  117  8"*. 


XII.— ACETIC  ACID  AT  15* 


OUDEMANS 


H 

si 

^i 

^i 

Spedflc 

5t3 

Specific 

Specific 

uH 

Specific 

S 

OraTity. 

GraTity. 

Gravity. 

0«H 

GraTity. 

0.9992 

0 

1.0363 

26 

1.0623 

51 

1 .0747 

70 

1.0007 

1 

1 .0375 

27 

1.0631 

52 

1.0748 

77 

1.0022 

2 

1.0388 

28 

1.0638 

53 

1 .0748 

78 

1 .0037 

3 

1.0400 

29 

1.0646 

54 

1 .0748 

79 

1 .0052 

4 

1 .0412 

30 

1.0653 

55 

1 .0748 

80 

1 .0067 

5 

1.0424 

31 

1.0660 

56 

1 .0747 

81 

1.0083 

6 

1 .0436 

32 

1.0666 

57 

1.0746 

82 

1 .0098 

7 

1.0447 

33 

1 .0673 

58 

1.0744 

83 

1.0113 

8 

1.0459 

34 

1.0679 

59 

1.0742 

84 

1.0127 

9 

1 .0470 

35 

1.0685 

60 

1.0739 

85 

1.0142 

10 

1 .0481 

36 

1 .0691 

61 

1.0736 

86 

1.0157 

11 

1.0492 

37 

1 .0697 

62 

1.0731 

87 

1.0171 

12 

1.0502 

38 

1.0702 

63 

1.0726 

88 

1.0185 

13 

1.0513 

39 

1 .0707 

64 

1.0720 

89 

1.0200 

14 

1 .0523 

40 

1 .0712 

65 

1.0713 

90 

1.0214 

15 

1 .0533 

41 

1.0717 

66 

1 .0705 

91 

1.0228 

16 

1.0543 

42 

1 .0721 

67 

1.0696 

92 

1.0242 

17 

1 .0552 

43 

1.0725 

68 

1.0686 

93 

1.0256 

18 

1.0562 

44 

1.0729 

69 

1 .0674 

94 

1.0270 

19 

1.0571 

45 

1 .0733 

70 

1.0660 

95 

1.0284 

20 

1.0580 

46 

1 .0737 

71 

1.0644 

96 

1.0298 

21 

1 .0589 

47 

1.0740 

72 

1.0625 

97 

1.0311 

22 

1 .0598 

48 

1 .0742 

73 

1.0604 

98 

1 .0324 

23 

1 .0607 

49 

1 .0744 

74 

1.0580 

99 

1 .0337 

24 

1.0615 

50 

1 .0746 

75 

1.0553 

100 

1.0350 

25 

TABLES  AND   USEFUL   DATA 


795 


XIII.—PHOSPHORIC  ACID  AT   17.5* 


Specific 

Per 
Cent. 
P.0,. 

Per  Cent. 

Specific 

Per 
Cent. 
P.05. 

Per  Cent. 

Specific 

Per 
Cent. 
P.05. 

Percent. 

OraTity. 

H,P04. 

Oravity. 

H,P04. 

Gravity. 

H,P04. 

1.809 

68.0 

93.67 

1.462 

46.0 

63.37 

1.208 

24.0 

33.06 

1.800 

67.5 

92.99 

1.455 

45.5 

62.68 

1.203 

23.5 

32.37 

1.792 

67.0 

92.30 

1.448 

45.0 

61.99 

1.198 

23.0 

31.68 

1.783 

66.5 

91.61 

1.441 

44.5 

61.30 

1.193 

22.5 

30.99 

1.775 

66.0 

90.92 

1.435 

44.0 

60.61 

1.188 

22.0 

30.31 

1.766 

65.5 

90.23 

1.428 

43.5 

59.92 

1.183 

21.5 

29.62 

1.758 

65.0 

89.54 

1.422 

43.0 

59.23 

1.178 

21.0 

28.93 

1.750 

64.5 

88.85 

1.415 

42.5 

58.55 

1.174 

20.5 

28.24 

1.741 

64.0 

88.16 

1.409 

42.0 

57.86 

1.169 

20.0 

27.55 

1.733 

63.5 

87.48 

1.402 

41.5 

57.17 

1.164 

19.5 

26.86 

1.725 

63.0 

86.79 

1.396 

41,0 

56.48 

1.159 

19.0 

26.17 

1.717 

62.5 

86.10 

1.389 

40.5 

55.79 

1.155 

18.5 

25.48 

1.709 

62.0 

85.41 

1.383 

40.0 

55.10 

1.150 

18.0 

24.80 

1.701 

61.5 

84.72 

1.377 

39.5 

54.41 

1.145 

17.5 

24.11 

1.693 

61.0 

84.03 

1.371 

39.0 

53.72 

1.140 

17.0 

23.42 

1.685 

60.5 

83.34 

1.365 

38.5 

53.04 

1.135 

16.5 

22.73 

1.677 

60.0 

82.65 

1.359 

38.0 

52.35 

1.130 

16.0 

22.04 

1.669 

59.5 

81.97 

1.354 

37.5 

51.66 

1.126 

15.5 

21.35 

1.661 

59.0 

81.28 

1.348 

37.0 

50.97 

1.122 

15.0 

20.66 

1.653 

58.5 

80.59 

1.342 

36.5 

50.28 

1.118 

14.5 

19.97 

1.645 

58.0 

79.90 

1.336 

36.0 

49.59 

1.113 

14.0 

19.28 

1.637 

57.5 

79.21 

1.330 

35.5 

48.90 

1.109 

13.5 

18.60 

1.629 

57.0 

78.52 

1.325 

35.0 

48.21 

1.104 

13.0 

17.91 

1.621 

56.5 

77.83 

1.319 

34.5 

47.52 

1.100 

12.5 

17.22 

1.613 

56.0 

77.14 

1.314 

34.0 

46.84 

1.096 

12.0 

16.53 

1.605 

55.5 

76.45 

1.308 

33.5 

46.15 

1.091 

11.5 

15.84 

1.597 

55.0 

75.77 

1.303 

33.0 

45.46 

1.087 

11.0 

15.15 

1.589 

54.5 

75.08 

1.298 

32.5 

44.77 

1.083 

10.5 

14.46 

1.581 

54.0 

74.39 

1.292 

32.0 

44.08 

1.079 

10.0 

13.77 

1.574 

53.5 

73.70 

1.287 

31.5 

43.39 

1.074 

9.5 

13.09 

1.566 

53.0 

73.01 

1.281 

31.0 

42.70 

1.070 

9.0 

12.40 

1.559 

52.5 

72.32 

1.276 

30.5 

42.01 

1.066 

8.5 

11.71 

1.551 

52.0 

71.63 

1.271 

30.0 

41.33 

1.062 

8.0 

11.02 

1.543 

51.5 

70.94 

1.265 

29.5 

40.64 

1.058 

7.5 

10.33 

1.536 

51.0 

70.26 

1.260 

29.0 

39.95 

1.053 

7.0 

9.64 

1.528 

50.5 

69.57 

1.255 

28.5 

39.26 

1.049 

6.5 

8.95 

1.521 

50.0 

68.88 

1.249 

28.0 

38.57 

1.045 

6.0 

8.26 

1.513 

49.5 

68.19 

1.244 

27.5 

37.88 

1.041 

5.5 

7.57 

1.505 

49.0 

67.50 

1.239 

27.0 

37.19 

1.037 

5.0 

6.89 

1.498 

48.5 

66.81 

1.233 

26.5 

36.50 

1.033 

4.5 

6.20 

1.491 

48.0 

66.12 

1.228 

26.0 

35.82 

1.029 

4.0 

5.51 

1.484 

47.5 

65.43 

1.223 

25.5 

35.13 

1.025 

3.5 

4.82 

1.476 

47.0 

64.75 

1.218 

25.0 

34.44 

1.021 

3.0 

4.13 

1.469 

46.5 

64.06 

1.213 

24.5 

33.75 

1.017 

2.5 

3.44 

/ 


n 
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XIV.— AQUA  AMMONIA 
AocoRDiNO  TO  W.  C.  Ferousom 


Degrees 

8p.  Gr. 

6o°v 

Per  Cent 

Degrees 

Per  Cent 

Degrees 

"^V' 

Per  Oeit 

Baam^. 

—  F. 

6o° 

RH,. 

Baaiii6. 

HH,. 

Baaing. 

too'- 

flDTa. 

10.00 

1 .0000 

.00 

16.50 

.9556 

11.18 

23.00 

.9150 

23.62 

10.25 

.9982 

.40 

16.75 

.9540 

11.64 

23.25 

.9135 

24.01 

10.50 

.9964 

.80 

17.00 

.9524 

12.10 

23.50 

.9121 

24.60 

10.75 

.9947 

1.21 

17.25 

.9508 

12.56 

23.76 

.9106 

24.99 

11.00 

.9929 

1.62 

17.50 

.9492 

13.02 

24.00 

.9091 

26.48 

11.25 

.9912 

2.04 

17.75 

.9475 

13.49 

24.25 

.9076 

26.97 

11.50 

.9894 

2.46 

18.00 

.9459 

13.96 

24.50 

.9061 

26.46 

11.75 

.9876 

2.88 

18.25 

0444 

14.43 

24.75 

.9047 

26.95 

12.00 

.9859 

3.30 

18.50 

.9428 

14.90 

25.00 

.9032 

27.44 

12.25 

.9842 

3.73 

18.75 

.9412 

15.37 

25.25 

.9018 

27.93 

12.50 

.9825 

4.16 

19.00 

.9396 

15.84 

25.50 

.9003 

28.42 

12.75 

.9807 

4.59 

19.25 

.9380 

16.32 

26.75 

.8989 

28.91 

13.00 

.9790 

5.02 

19.50 

.9365 

16.80 

26.00 

.8974 

29.40 

13.25 

.9773 

5.45 

19.75 

.9349 

17.28 

26.26 

.8960 

29.89 

13.50 

.9756 

5.88 

20.00 

.9333 

17.76 

26.50 

.8946 

30.38 

13.75 

.9739 

6.31 

20.25 

.9318 

18.24 

26.75 

.8931 

30.87 

14.00 

.9722 

6.74 

20.50 

.9302 

18.72 

27.00 

.8917 

31.36 

14.25 

.9705 

7.17 

20.75 

.9287 

19.20 

27.25 

.8903 

31.85 

14.50 

.9689 

7.61 

21.00 

.9272 

19.68 

27.50 

.8889 

32.34 

14.75 

.9672 

8.05 

21.25 

.9256 

20.16 

27.75 

.8875 

32.83 

15.00 

.9655 

8.49 

21.50 

.9241 

20.64 

28.00 

.8861 

33.32 

15.25 

.9639 

8.93 

21.75 

.9226 

21.12 

28.26 

.8847 

33.81 

15.50 

.9622 

9.38 

22.00 

.9211 

21.60 

28.60 

.8833 

34.30 

15.75 

.9605 

9.83 

22.25 

.9195 

22.08 

28.75 

.8819 

34,79 

16.00 

.9589 

10.28 

22.50 

.9180 

22.56 

29.00 

.8805 

35.28 

16.25 

.9573 

10.73 

22.75 

.9165 

23.04 

Specific  Gravity  determinations  were  made  at  60**  F.,  compared  with  water 
at  60°  F. 

From  the  Specific  Gravities  the  corresponding  degrees  Baiim^  were  calcu- 
lated by  the  following  formula: 


Daum6  = 


140 


Sp.  Gr. 


-  130. 


*  Baumd  Hydrometers  for  use  with  this  table  must  be  graduated  by  the 
ohove  formula,  which  formula  should  always  be  printed  on  the  scale. 
Atomic  weights  from  F.  W.  Clarke's  table  of  1901.    O  =  16, 
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XIV.— AQUA  AMMONIA  (Continued) 

ALLOWANCE  FOR  TEMPERATURE 

The  coefRcient  of  expansion  for   ammonia    solutions,  varying  with   the 
temperature,  correction  must  be  applied  according  to  the  following  table: 


Corrections  to  be  Added  for  Bach 

Corrections  to  be  Subtracted  for  Bach  Degree 

Degree  Below  6aPV. 

Above  6o»F. 

Degrees 
Banm^. 

40"  F. 

50»F. 

70»F. 

8o«»F. 

90°  F. 

ioo»F. 

14°  B^ 

.015°  B^ 

.017°  B^ 

.020°  B^ 

.022°  B^ 

,024»  B6 

.026'  m 

16° 

.021      " 

.023     " 

.026     " 

.028     " 

.030     " 

.032       " 

18° 

.027     " 

.029     " 

.031      " 

.033     " 

.035     " 

.037      " 

20° 

.033     " 

.036     " 

.037     " 

.038     " 

.040     " 

.042      " 

22° 

.039     " 

.042     " 

.043     " 

.045     " 

.047     " 

26° 

.053     " 

.057     " 

.057     " 

.059      " 

Authority  —  W.  C.  Ferguson. 
This  table  has  been  approved  and  adopted  as  a  Standard  by  the  Manufac- 
turing Chemists'  Association  of  the  United  States. 

W.  H.  Bower, 
Henry  Howard, 
Ja.s.  L.  Morgan, 
Arthur  Wyman, 
A.  G.  Rosengarten, 

New  York,  May  14,  1903.  Executive  CommiUee. 
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XV.— SODIUM- HYDROXIDE  SOLUTION  AT  15° 

Ldnge 


^■e 

$|MCiflc 

GraTity. 

Degrees 
Baume. 

Degrees 

Twaddell. 

Percent 

llA,0. 

Per  Cent 
NaOH. 

Grutts 

- 

lle,0. 

RaOH. 

1.C07 

1.0 

1.4 

0.47 

0.61 

4 

6 

1.014 

2.0 

2.8 

0.93 

1.20 

9 

12 

1.022 

3.1 

4.4 

1.55 

2.00 

16 

21 

1.029 

4.1 

5.8 

2.10 

2.70 

22 

28 

1.036 

5.1 

7.2 

2.60 

3.35 

27 

35 

1.045 

6.2 

9.0 

3.10 

4.00 

32 

42 

1.052 

7.2 

10.4 

3.60 

4.64 

38 

49 

1.060 

8.2 

12.0 

4.10 

5.29 

43 

56 

1.067 

9.1 

13.4 

4.55 

5.87 

49 

63 

1.075 

10.1 

15.0 

5.08 

6.55 

55 

70 

1.083 

11.1 

16.6 

5.67 

7.31 

61 

79 

1.091 

12.1 

18.2 

6.20 

8.00 

68 

87 

1.100 

13.2 

20.0 

6.73 

8.68 

74 

95 

1.108 

14.1 

21.6 

7.30 

9.42 

81 

104 

1.116 

15.1 

23.2 

7.80 

10.06 

87 

112 

1.125 

16.1 

25.0 

8.50 

10.97 

96 

123 

1.134 

17.1 

26.8 

9.18 

11.84 

104 

134 

1.142 

18.0 

28.4 

9.80 

12.64 

112 

144 

1.152 

19.1 

30.4 

10.50 

13.55 

121 

156 

1.162 

20.2 

32.4 

11.14 

14.37 

129 

167 

1.171 

21.2 

34.2 

11.73 

15.13 

137 

177 

1.180 

22.1 

36.0 

12.33 

15.91 

146 

183 

1.190 

23.1 

38.0 

13.00 

16.77 

155 

200 

1.200 

24.2 

40.0 

13.70 

17.67 

164 

212 

1.210 

25.2 

42.0 

14.40 

18.58 

174 

225 

1.220 

26.1 

44.0 

15.18 

19.58 

185 

239 

1.231 

27.2 

46.2 

15.96 

20.59 

196 

253 

1.241 

28.2 

48.2 

16.76 

21.42 

208 

266 

1.252 

29.2 

50.4 

17.55 

22.64 

220 

283 

1.263 

30.2 

52.6 

18.35 

23.67 

232 

299 

1.274 

31.2 

54.8 

19.23 

24.81 

245 

316 

•     1.285 

32.2 

57.0 

20.00 

25.80 

267 

332 

1.297 

33.2 

59.4 

20.80 

26.83 

270 

348 

1.308 

34.1 

61.6 

21.55 

27.80 

282 

364 

1.320 

35.2 

64.0 

22.35 

28.83 

295 

381 

1.332 

36.1 

66.4 

23.20 

29.93 

309 

399 

1.345 

37.2 

69.0 

24.20 

31.22 

326 

420 
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XV.— SODIUM  HYDROXIDE  SOLUTION  AT  15°   (Continued) 


Specific 

Decrees 
Baume. 

Decrees 
Twaddell. 

Per  Cent 
Na^O.     . 

Per  Cent 
NaOH. 

X  Liter  containa 
Grains 

Gravity. 

.  lla,0. 

llaOH. 

1.357 
1.370 
1.383 
1.397 
1.410 
1.424 
1.438 
1.453 
1.468 
1.483 
1.498 
1.514 
1.530 

38.1 
39.2 
40.2 
41.2 
42.2 
43.2 
44.2 
45.2 
46.2 
47.2 
48.2 
49.2 
50.2 

71.4 
74.0 
76.6 
79.4 
82.0 
84.8 
87.6 
90.0 
93.6 
96.6 
99.6 
102.8 
106.0 

25.17 
26.12 
27.10 
28.10 
29.05 
30.08 
31.00 
32.10 
33.20 
34.40 
35.70 
36.90 
38.00 

32.47 
33.69 
34.96 
36.25 
37.47 
38.80 
39.99 
41.41 
42.83 
44.38 
46.15 
47.60 
49.02 

342 
359 
375 
392 
410 
428 
446 
466 
487 
510 
535 
559 
581 

441 
462 
483 
506 
528 
553 
575 
602 
629 
658 
691 
721 
750 

5:. 
1^ 
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XVI.— VAPOR  TENSION  OF  WATER  IN  MILLIMEl'ERS  OF  MERC 

-2**   TO   -|36*'C. 

According  to  Rbgnault,  Broch,  axd  Weibb 


'C. 


nun. 
-2    3.958 
-1    4.258 
-0    4.579 

0  4.579 

1  4.921 

2  5.286 

3  5.675 

4  6.088 
6    6.528 

6  6.997 

7  7.494 

8  8.023 

9  8.584 

10  9.179 

11  9.810 

12  10.479 
1311.187 
1411.936 
16  12.728 
1613.565 
1714.450 
18  15.383 
1916.367 
2017.406 
2118.503 
22  19.661 
23|20.883 
24:22.178 
26  23.546 

26  24.987 

27  26.505 

28  28.103 

29  29 . 785 

30  31.555 
3133.416 
32  35 . 372 


.1 


33 
34 
36 


37.427 
39 . 586 
41.583 


mm. 

3.929 

4.227 

4.546 

4.612 

4.957 

5.324 

5.715 

6.131 

6.574 

7.045 

7.546 

8.077 

8.642 

9.240 

9.875 

10.548 

11.260 

12.013 

12.810 

13.651 

14.541 

15.479 

16.469 

17.513 

18.616 

19.780 

21.010 

22.311; 

23.686 

25.135 

26.661 

28.267 

29.958 

31 . 737 

33.607 

35.573 

37.638 

39.807 

42.085 


.2 


mm. 

3.900 

4.197 

4.513 

4.646 

4.992 

5.362 

5.755 

6.174 

6.620 

7.094 

7.598 

8.132 

8.700 

9.302 

9.940 

10.617 

11.333 

12.091 

12.892 

13.738 

14.632 

15.575 

16.571 

17.620 

18.729 

19.900 

21.137 

22.446 

23.828 

25.284 

26.818 

28.432 

30.132 

31.919 

33 . 799 

35 . 775 

37.851 

40.030 

42.319 


.3 


mm. 
3.872 

4.166 

4.481 

4.679 

5.028 

5.400 

5.796 

6.217 

6.666 

7.143 

7.650 

8.187 

8.759 

9.364 

10.006 

10.687 

11.407 

12.169 

12.974 

13.825 

14.724 

15.672 

16.673 

17.728 

18.844 

20.021 

21.264 

22.581 

23.970 

25.434 

26.976 

28.599 

30.307 

32.103 

33.992 

35.978 

38.064 

40.254 

42.554 


mm. 

3.844 

4.136 

4.448 

4.713 

5.064 

5.438 

5.837 

6.261 

6.712 

7.192 

7.702 

8.243 

8.818 

9.427 

10.072 

10.757 

11.481 

12.247 

13.057 

13.913 

14.817 

15.770 

16.776 

17.837 

18.959 

20 . 142 

21.393 

22.716 

24.113 

25.584 

27.134 

28.766 

30.482 

32.288 

34.187 

36.182 

38.278 

40.479 

42.791 


.5 


.6 


mm. 

3.815 

4.106 

4.416 

4.747 

5.101 

5.477 

5.878 

6.305 

6.759 

7.242 

7.755 

8.299 

8.877 

9.490 

10.139 

10.828 

11.556 

12.326 

13.141 

14.001 

14.910 

15.868 

16.880 

17.947 

19.074 

20.264 

21.522 

22.853 

24.257 

25.736 

27.294 

28.933 

30.659 

32.473 

34.382 

36.387 

38.493 

40.705 

43.028 


mm. 

3.787 

4.076 

4.384 

4.782 

5.137 

5.516 

5.920 

6.349 

6.806 

7.292 

7.808 

8.355 

8.937 

9.553 

10.206 

10.899 

11.631 

12.406 

13.225 

14.090 

15.003 

15.967 

16.984 

18.057 

19.190 

20.386 

21.652 

22.990 

24.401 

25.888 

27.454 

29.102 

30.836 

32.660 

34.578 

36.593 

38.710 

40.933 

43.266 


.7 


.8 


mm. 

3.760    3 
4.046    4 
4.352    4 
4.816    4 
5.174    5 
5.555    5 
5.961    6. 
6.393    6. 
6.853    6. 
7.342    7. 
7.861    7. 
8.412    8. 
8.997    9 
9.616   9. 

10.274  10. 

10.970  11. 

11.70611. 

12.48612. 

13.30913. 

14.17914. 

15.09715. 

16.06616. 

17.08817. 

18.167  18. 

19.307  19. 

20.510  20. 

21 .  782  21 . 

23.128!23. 

24.547|24. 

26.04126. 

27.615127. 

29.27ll29. 

31 .015j31 . 

32.847133. 

34.775|34. 

36.800  37. 


732 

016 

321 

851 

211 

595 

003 

438 

901 

392 

914 

469 

057 

680 

ai2 

042 

782 

566 

394 

269 

192 

166 

193 


3.701 
3.983 
4.28S 
4.886 
5.24S 
5.635 
6,(m 
6.483 
6.919 
7.443 
7.968 
8.526 
9.118 
9.745 
10.410 
11.114 
11.S59 
12.647 
13.480 
14.359 
15.287 
16.266 
17.299 


27818.390 


424 
634 
913 
266 


19.512 
20.758 
22.045 
23.406 


69324.839 


38.927 
41.161 
43.506 


39. 
41. 
43. 


195 
777 
442 
194 
036 
973 
008 
146 
390 
747 


i 


26.349 
27.939 
29.613 
31.374 
33.225 

35.172 
37.217 
39.365 
41.621 
43.989 
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XVn.— USEFUL  DATA  OF  THE  MORE  IMPORTANT  INORGANIC 

COMPOUNDS  * 


Subatanno. 

Formula. 

Molecular 

or  Atomic 

Weight. 

Normal 
CocflBcient 
1  c.c.  =  gm. 

Solubility 

in  100  Gms. 

Water. 

Indi- 
cator. 

Acetic  acid 

HC^HaO, 

Al 

AljCIe 

AI,CIfl.l2H20 

AI,0, 

AUCSO^), 

AliCSOOalSHaO 

NH, 

NH4 

NH4CI 

NH4OH 

NH4NO, 

(NH4),S04 

Sb 

As 

Aa^O^ 

AS2O3 

AS2O, 

Ba 

BaCOs 

BaCla 

BaCl22H20 

Ba(0H)2 

Ba(OH)28H,0 

BaS04 

BaO 

BaOa 

Br 

CdCO, 

CdCl, 

CdCU2H,0 

CdS 

Ca 

CaCOj 

CaCl, 

CaCl,6H20 

Ca(OH), 

CaO 

CaSO* 

CaS 

C 

CO2 

CO2 

CI 

CrO, 

CrjO, 

HaCHsOr 

Co 

Cu 

CuO 

CUSO4 

CuS045n20 

CuS 

60.03 

27.10 

266.96 

483.15 

102.20 

342 . 38 

666.67 

17.03 

18.04 

53.50 

35.05 

80.05 

132.14 

120.20 

74.96 

229.92 

197.92 

197 . 92 

137.37 

197.37 

208 . 29 

244 . 32 

171.38 

315.51 

233.44 

153.37 

169.37 

79.92 

172.40 

183.32 

219.35 

144.47 

40.00 

100.07 

110.99 

219.086 

74.09 

56.07 

136.14 

72.14 

12.005 

44.005 

44.005 

35.46 

100.00 

152.00 

192.06 

58.97 

63.57 

79.57 

159.63 

249.71 

95.63 

.06003 

.009033 

.04449 

. 08053 

.01703 

.05706 

.11111 

.01703 

.01804 

.05350 

.03505 

.08005 

.06607 

.06010 

.03748 

.038321 

. 03299 

.04948  3 

.068685 

.098685 

. 104145 

. 12216 

.08569 

.15775 

.11672 

.076685 

.08469 

. 07992 

.08620 

.09166 

.109675 

.072235 

.020035 

.050035 

.055495 

.109543 

.037045 

.028035 

.06807 

. 03607 

.003002 

. 022003 1 

.044005 2 

.03546 

.033333' 

.025333* 

.06402 

.029485 

.031785 

.07957 

.15963 

.24971 

.047815 

69.87i«^" 

40 

insol. 

36.po° 

87 

Aluminium 

chloride 

P. 

chloride 

P. 

oxide 

sulphate 

P. 

suiohate 

P. 

Ammonia 

M. 

Ammonium 

M. 

chloride 

29.4»*» 

M. 

hydroxide 

mtrate 

M. 

1180* 

150 

I.7160 

1.7i«* 

.002220° 
30.90° 
36.20° 

5.56»*° 
.0001720° 
1.50° 
insol. 
4.170° 

insol. 
14020° 

168"° 
insol. 

.0013 

59.50° 

117.40° 

.170° 

.130° 

. 1790° 
.15100 

insol. 
179.67  cc.»° 

150  cc.o° 
163.40° 
inaol. 
133. 

200° 
31.610° 
.000033 

M. 

sulphate 

M. 

Antimony 

Arsenic 

oxide 

Arsenous  oxide 

Arsenious  oxide 

Barium 

carbonate 

chloride 

M. 

chloride 

hydroxide 

hydroxide 

sulphate 

oxide 

peroxide 

Bromine 

Cadmium  carbonate . 
chloride 

chloride 

sulphide 

Calcium 

carbonate 

chloride 

M. 

chloride 

hydroxide 

oxide 

sulphate 

sulphide 

Carbon 

dioxide 

dioxide 

P. 

Chlorine 

Chromic  anhydride . . 
oxide 

Citric  acid 

Cobalt 

Copper 

oxide 

sulphate 

sulphate 

sulphide 

1  Precipitation  reagents.  <  Acids  and  bases.  '  Oxidizing  and  reducing  agents. 

M.  Methyl  orange.  P.  Phenolphthalein.  Temp.  C. 

*  Compiled  and  arranged  by  R.  M.  Meiklejohn. 
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XVII.— USEFUL  DATA  OF  THE  MORE  IMPORTANT  INORGANIC 

COMPOUNDS  (Continued) 


Substance. 


Cyanogen 

Ferric  oxide 

Ferrous  oxide 

sulphate 

sulphate 

ammon'm  sulphate 
Hydrobromic  acid .  .  . 
Hydrochloric  acid .  .  . 
Hydrocyanic  acid. . . . 
Hydrofluoric  acid. .  . . 

Hydroiodic  acid 

Hydrogen  peroxide.  . 
Hydrogen  sulphide  . . 

Iodine 

Iron 

Lead 

carbonate 

chromate 

oxide 

peroxide 

sulphide 

Magnesium 

carbonate 

chloride 

chloride 

oxide 

sulphate 

sulphate 

Malic  acid 

Manganese 

chloride 

peroxide 

sulphate 

Mercuric  chloride. .  .  . 

Nickel 

Nitric  acid 

Nitric  acid..  .: 

Nitrogen  trioxide. .  .  . 

pentoxide 

pentoxide 

Nitrous  acid 

Nitrogen 

Oxalic  acid 

OxaHc  acid 

Phosphoric  acid  .\  :  .  . 

Phosphoric  acid 

Phosphoric  acid .."... 
Potaasiuni 

bicarbonate 

bitartrate 

bromide 

carbonate 

chlorate 


Formula. 


CN 

FezOa 

FeO 

FeS04 

FeS047H20 

FeS04(NH4)2S046H,0 

HBr 

HCl 

HCN 

HF 

HI 

H,0, 

H^S 

I 

Fe 

Pb 

PbCO, 

PbCr04 

PbO 

Pb02 

PbS 

Mg 

MgCOa 

MgCl, 

MgCliGHiO 

MgO 

MgS04 

MgS047H,0 

H2C4H4O5 

Mn 

MnCl2 

MnOa 

xMnS04 .. 

HgCl2 
Ni 

HNOa 

HNO3 

N2O3 

N2O5 

N2O5 

HNO2 

N 

H2C2O4 

H2C2O42H2O 

H3P04 

H3P04 
H3P04 

K 
K2CO3 

KHC4n406 

KBr 

K2CO, 

KCIOa 


Molecular 

or  Atomic 

Weight. 


26.005 

159.68 

71.84 

151.90 

278.01 

392 . 14 

80.928 

36.47 

27.02 

20.01 

127.93 

34.016 

34.076 

126.92 

55.84 

207.20 

267 . 20 

323.20 

223 . 20 

239 . 20 

239 .  26 

24.32 

84.32 

95.24 

203.34 

40.32 

120.38 

246.49 

134.06 

54.93 

125.85 

86.93 

150.99 

271.52 

58.68 

63.02 

63.02 

76.02 

108.02 

108.02 

47.02 

14.01 

90.02 

126.05 

98.06 

98.06 

98.06 

39.10 

100.11 

188.14 

119.02 

138.20 

122.56 


Normal 
Coefficient 
1  c.c.  s*gm. 


.026005 
. 07984 » 
.07184' 
. 15190 » 
.27801  » 
.39214 
.08093 
.03647 
.02702 
.02001 
. 12793 
.017008 
.017038 
.12692 
.05584 
.10360 
.13360 
.16160 
.11160 
.11960 
.11963 
.01216 
.04216 
.04762 
.10167 
.02016 
06019 
123245 
06703 
027465 
062925 
043465 
075495 
13576 
02934 
06302  2 

021006' 
019005' 
05401  « 
018033' 
04702 
01401 
04501 
.063025 
,09806 
.04903 
03268 
03910 
10011 
.18814 
.11902 
.06910 
.020427' 


3 
2 


Solubility 

in  100  Gnu. 

Water. 


insol. 

32.  S'^" 

221. 2«'' 
82.  S**'* 

264 


437  cc.<>'' 
.0182»i*» 


00198 
000021**' 


.0001 

.0106 
52.2*>' 
167 
00062 
26. 9®** 
76 .  90** 


62.16»*>° 

insol. 
53.20'' 

5 .  73«'» 


4  900 

V.  sol. 
V.  sol. 
V.  sol. 

22  40'' 

.37®** 

53 .  48»*» 

89. 4«^ 

3.3»° 


» Precipitation  reagents.  '  Acids  and  bases.  ' Oxidizing  and  reducing  agents. 

M.  Methyl  orange.  P.  Phenolphihalein.  Temp.  C. 
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XVII.— USEFUL  DATA  OF  THE  MORE  IMPORTANT  INORGANIC 

COMPOUNDS  (Continued) 


Subatance. 


Pbtassium  chloride  . 

chromate 

cyanide 

dichromate 

dichromate 

f errocyanide 

ferrocyanide 

hydroxide 

iodate 

iodide 

nitrate 

nitrite 

oxide 

permanganate. .  . . 

sulphide 

sulphocyanate .... 

tartrate 

Silver 

nitrate 

Sodium 

bromide 

bicarbonate 

carbonate 

chloride 

cyanide 

hydroxide 

iodide 

nitrate 

nitrite 

oxalate 

oxide 

phosphate  (mono) 

phosphate  (disod) 

phosphate  (disod) 

phosphate  (trisod) 

sulphide 

thiosulphate . 

Stannous  chloride .  . 

chloride 

oxide 

Sulphur  dioxide .... 

trioxide 

Sulphuric  acid 

Tartaric  acid 

Tin 

Zinc 

carbonate 

chloride 

oxide 

sulphate 

sulphate 

sulphide 


Formula. 


KCl 

K,Cr04 

KCN 

KjCrjOy 

KaCfaOr 

K4Fe(CN)e 

K4Fe(CN),3H,0 

KOH 

KIO, 

KI 

KNO, 

KNO, 

K,0 

KMn04 

K2S 

KCNS 

K2H4C4O6 

Ag 

AgNOa 

Na 

NaBr 

NaHCO, 

NaaCO, 

NaCl 

NaCN 

NaOH 

Nal 

NaNOa 

NaNOa 

Na,C204 

NajO 

NaH2P04 

NajHP04 

Na2HP04l2HjO 

Na,P04 

Na,S 

Na^SaOaSHjO 

SnCl- 

SnCl22H,0 

SnO 

SOj 

SO3       ^ 

H,S04 

H2CiH40t 

Sn 

Zn 

ZnCO, 

ZnCl2 

ZnO 

ZnS04 

ZnS047H20 

ZnS 


Molecular 

or  Atomic 

Weight. 


74.56 
194.20 

65.11 
294.20 
294.20 
368.30 
422.35 

56.11 
214.02 
166.03 
101.11 

85.11 

94.20 
158.03 
110.26 

97.18 
226.23 
107.88 
169.89 

23.00 
102.92 

84.01 
106.00 

58.46 

49.01 

40.01 
149.92 

85.01 

69.01 
134.00 

62.00 
120.06  » 
142.05  2 

358 . 24  5 
164.04 « 
78.06 
248.20 
189.62 
225 . 65 
134 . 70 
64.06 
80.06 
98 . 076 
150.05 
118.70 
65.37 
125.37 
13^).  29 
81.37 
161.43 
287 . 54 
97.43 


Normal 
Coefficient 
1  r.c.  »gm. 


.07456 

. 06473 » 

.06511  ' 

.14710* 

.04903 » 

.36830 

.42235 

.05611 

.03567/ 

.16603 

.033703 

.08511 

.04710 

.031606 

.05513 

.09718 

.11312 

.10788 

.16989 

.02300 

.10292 

.08401 

.05300 

.05846 

.04901 

.04001 

. 14992  > 

. 02834 

.06901 

.06700 

.03100 

.12006 

.14205 

. 35824 

.16404 

.03903 

.24820 

.09481 

.112825 

.06735 

.03203 

.04003 

.049038 

. 075025 

.05935 

.037685 

. 062685 

.068145 

.040685 

.080715 

.  14377 

.048715 


Solubility 

in  100  Gms. 

Water. 


Indi- 
cator. 


28. 5®'* 
61. 50' 
V.  sol. 

4. 9'*' 

4.90^ 

27  gi2o 

107"* 

4 .  740^ 
126.  P° 

13.3«° 

V'.  sol. 
2.830' 

FOl. 

177. 2'>' 
sol. 

1220* 

79.50* 
6.900* 

7.10° 

35.70* 

FOl. 

133. 3i«* 

158.7o*> 
72.90* 
83.3»o'> 

3.22"!^* 
decorap. 
V.  sol. 

74.70° 

83.90° 
118.70° 

insol. 
7979  cc.o* 


1150* 


001  »* 
2090° 

.001 
43.020* 
115.20° 
.00069 


P. 


M. 
M. 


M. 
P. 
P. 
M. 


1  Precipitation  reagents.  'Acids  and  ba-ses.  '  Oxidising  and  reducing  agents. 

M.  Methyl  orange.  P.  Phenolphthalein.  Temp  C. 
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xvrii— coNVERaio.v  factors  • 


A 

B 

A' 

B'    |.           A 

B 

|v      , 

AgBr 

1.7408 
1.3287 
1,241! 
2,1765 
1.5748 
1.0742 
1.2935 
I.4O30 
0,231fi 
0.7408 
0,7505 
0,3287 
0,3380 
I,18S<) 
1 ,  176.5 
1  1033 
0,0911 
1   1361 
1,2844 

0.5744 
0.7526 
0,8057 
0.4595 
0  6350 
0-9310 
0  7731 
0  7126 
4,3175 
1.3489 

AlCI. 

AlCl, 

AlF, 

Al,0. 

A1.0. 

H,SO. 

.1.10230.1 

a| 

AgCN 

a! 

AI 

AlClj 

Ai,P,0,.... 
AI,P,0,.... 
AI,(SO,),.. 
AI,(SO,).-. 

P.O..."'"-' 

K,Al,(SO,), 

■24Hrf 
NajAUO..  .  . 
(NH.),A], 
(SO.),-24H,( 

f:"::::- 

P.O. 

H,SO, 

NaHCO, .  . . 
SO,. 

■  ?  1^2' 

xt 

AgNO, 

.\to 

AriPO, 

AfoP^O,.... 

x| 

AliO, 

A1.0. 

AW. 

AUG. 

Ai.    . 

.  6.52350.1 

.2.tOS8lo.4 
.  1-5625:0.6 
.  2.8792|0.S 

xj 

A| 

Jl 

HBr 

CI 

a|:: 

3  0423,AI.O, 

2.9590l|Al.O, 

0,84331  AW, 

a| 

HI 

^9.28630.11 
1. 60670.* 

KBr 

KCI 

KClOs 

KCIO, 

KCN 

KI 

NaBr 

NaCl 

Nal 

UHi,.'/.  .//.'. 

HBr 

KBr 

KBH), 

XaBr 

\k 

HCI 

KCI 

KCiO, 

NnCl 

NH,C1 

KCN 

HCN 

Nil.! 

1 ,4439 
0.8802 
0,7786 

Al,0, 

Ift..::::: 

AlPO. 

AlPO, 

A1,P,0, 

A1,P.0. 

Al,(804)i..-, 
Al.(8O0,,,., 
AI,(SO0.,.,. 
AI,(S0.)..... 

Ai 

i's. 87420.1: 
12.3504, Oft 
l0.2219^4.a 
0.41852.31 
jO. 58151  .n 

Ak 

1. 53900,6498 
0,9502  1,0458 

■n 

aI 

AgBr 

AiBr 

AkBf 

0,4256 
0.6811 
0,4311 
0.6:«7 
0,8893 
0,5480 
0.7526 

V2474 
0,2545 
0,5202 
0.8550 
1),407S 

1.3732 
0.48C3 
0,2020 

).(iI75 

0.7196 
2-3498 
1,4681 
2,3195 
1,5779 
1,1244 
1,8257 
1,3287 
0.8437 
4.042:! 
1,9.305 
1.9225 
1.1695 
2,4519 
2.6793 
2,a'>64 
4,9500 
1.6194 

'0.5816 
1.3635 
0.S5H 
1.4721 
0.7015 

1.71 

a.-n 

IK 

0.«1 

AgBr 

AjCl 

AgCI 

ArCI 

AgC:! 

AgCI 

AbCI 

Aa 

Afl 

As 

Aa 

As 

A*a 

.\aO, 

Na,H.4sO.  . 

.\sfi, 

AsA 

AsA. 

41 

NaHiAsO.  . 
NajHAsO.  . 

11 .32010.75 
l-5336l0.6S 

i.Miro.eo 

!3. 3862^0.29 
12.48090,40 
1. 1616,0.8a 
|1. 2435^0. 8» 
ll.567l'0.63l 

l,4264i0-701 
|l.«177061i 
■2,J08l|0  4S: 

Agt^l 

AiC-S 

AgCN 

ffi:::;;:: 

As^), 

As,Oi 

As^Oi 

if: 

AsiO. 

ffl 

0,5406 

^;l 

10. 

1.0. 

AuCl, 

HAuCI. 

■4H,a 
KAu(CN), 

-H,0 

0,8131:1,2298 
0.7109  1,4067 
0,70711.4143 
0,91151,0971 
0,n;t85  1.6661 
0.3055  3  2729 

2,08980  J7S 

KI 

KIOi 

1.8172053ft 

HNOi 

H\0, 

BnSO. 

BaSO, 

11^^ 

ArNO, 

Bb 

Agm 

\»<  )= 

1  2470 

4,0487 

BaCl, 

i.i2o;{o.m 

AXA'=HandBxB'=A. 
•  Compiled  and  uminged  by  W.  W.  Scott  and  B.  S.  Clark. 
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A 

B 

A' 

B' 

A 

B 

A' 

B' 

1    B»Cli 

H,SO. 

3,4709 

2.1236 

BaSO, 

HO, 

0.3430 

Z.9I55 

i     BaCO, 

CO, 

3.2220 

4.4857 

BaSO. 

SO.. 

)  4115 

II     C(mBaCO.) 
i    BftCfO. 

Ba 

3.5420 

1.8457 

BaSO. 

ZnS0,-7H,0 

1,2318 

3.8118 

I     B«CiO. 

BnSO, 

0.9213 

1.0854 

■      BftChO, 

Cr.O, 

3.3308 

Bb(OH),.  . .  - 

hIso...' 

).5723 

1 .7473 

BiOCl 

Bi 

3,8017 

1,2474 

».:::::: 

BaSiF, 

BoF, 

).6271 

1.5948 

BiOCI 

BL,0, 

3.8M2 

1.1184 

BaSiF, 

BaO 

).S484 

1-8236 

BiONO, 

1  lOM 

a, 9072 

HF 

D.4292 
0.5160 

2.3297 
1.9379 

K 

BiONO, 

Bi(NO.}, 

1.2328 

BaSiF. 

H,8LF, 

BaSiF, 

1.3729 

2.6814 

■5H,C 

2. 0867 

BaSO, 

Al,(SO.),.... 

0.7334 

1,3635 

B^;:::::::: 

BW, 

0.9059 

1  1039 

B.SO. 

1.7010 
1.1207 

DaClj 

n.S928 

B 

KBF, 

BaSO, 

BuCI,-2H^. 

1.0466 

3.9554 

B^O. 

1.3143 

3.1819 

BaSO, 

BaCO. 

3. 8455 

1.1827 

B,0, 

KBF. 

3.602g 

3,2775 

BflCrO. 

1.0854 

3.9213 

Brf). 

H.BO, 

1.7721 

BaSO, 

Ba(NO,),. .  . . 

1.1107 

3.8931 

BA 

NaAO, 

BaSO, 

0,6571 

1.5219 

■lOH,!! 

5,4594 

3  1832 

BnO, 

1.7256 

1 .3782 

KBF. 

H.BO, 

3.4919 

BbSO, 

Ba,(PO,),..,. 

J. 8456 

1 . 1826 

Na,Bfl: 

3  7258 

1.3778 

■  lOHrf; 

)  7676 

1.3190 

B^ 

CaSO, 

^•■■■- 

X 

H.SO, 

J,3S17 

2.8437 

Br. 

0 

BaSO. 

H,SO, 

}.4202 

2.3801 

Ag 

3.8433 

1.UI68 

B.SO. 

K,A1,(S0,).- 
24H,0 

1  0167 

BK3, 

AgBr 

1  4681 

0.6811 

BaSO. 

BaSO. 

MrO 

J,  1727 

5,7897 

Ca 

CaO 

1.3903 

0.7140 

MgSO.-7H^ 

I.O560 

)  9469 

Crt., 

cu 

BaSO, 

).6469 

3.3.546 

J.8300 

BaSO. 

Na,CO. 

),454rj  -d-'i   r,,,(  H  en  . 

)7.W4 

1  3169 

0.6203 
0,9016 

BaSO. 

Na,0 

).265ii.;   :'■"!    '    ■'   ■ 

t   1091 

BaSO. 

Na^S 

3.3341  ■•  '•■"U    '    .' 

3  5052 

1.9795 

NaiSO. 

1.2265 

BaSO. 

NaAO, 

3,0)9(1 

1.5660 

BaSO, 

Na^SO. 

3.9086 

1.6431 

3,4006 

2-4966 

1-1091 

lOH^O 

1  U197 

:NH,).S0..  . . 

CaCi). 

CO, 

a.  ma 

S../. 

0.137;i 

7.2812 

CatX), 

CdSO, 

1.3601 

BaSO. 

SO, 

1, ran  0.5813 

BandBXB'=A. 
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CaCO, 

CaCO, 

CaFi 

CaF, 

CaF, 

CaF, 

CaF, 

CaF, 

CaF, 

Ca(HCO,), . 
Ca(HCO,), . 
CaHP04. . . . 
CaHP04.... 
CaHP04. . . . 
Ca(H,P04), 
Ca(H,P04), 
CaHjPjO; . . 
CaHiPaOr  .  . 
CaH,P,07*  . 
CaH,P,Or . . 
Ca(HS(),),. . 
Ca(HSO,),. . 
CaCNOs),. .  . 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

CaaPjOg . . . . 
CaiPjOs . . . . 
Ca,P,08 . . . . 


B 


Ca,P,0g .... 

CaS 

CaSOa 

CaSO, |(^aO.. 

CaS04 ,BaS04 


XaaCO, 

HCl 

AlF, 

VaO 

CaS()« 

F 

HF 

HjSiF. 

NaF 

CaO 

CO, 

CaO 

Ca,P,07 

PiOs 

NaHCO, .... 

P2OS 

(^a(H,PO,).  . 

CaO 

NaHCO, .... 

P,05 

(^aO 

SO, 

NtO» 

Ca 

Ca(C^H,CO,), 

(^aCl, 

(^aCO, 

(^aF, 

CaCHCOs), . . 
C^a(H,P04)2  . 
CaH,P,07 . .  . 
Ca(HSO,),. .  . 

CaaPjO, 

CaSO, 

(^aS04 

(^aS04 -211,0 
(^HaCO,H... 
(X), 

1  l,rn  J4 

NaCl 

Na,CO, 

Na,S04 

S 

SO, 

CaO 

Mg,P,OT 

(NH4),P04- 
I2M0O, 

P,05 

BaS04 

BaS04 


A' 


B' 


1.0593 

0.7288 

0.7182 

0.5128 

1 . 7438 

0.4867 

0.5126 

1.8485 

1.0760 

0.3459 

0.5429 

0.4119 

0.9338 

0.5219 

0.7175 

0.6067 

1.0827 

0.2594 

0.7773 

0.6573 

0.2773 

0.6336 

0.6582 

0.7146 

2.8200 

1.9795 

1.7847 

1.3924 

2.8908 

4.1766 

3.8553 

3.6067 

1.8446 

2.1427 

2.4280 

3.0707 

2.1413 

0.7874 

1 . 7494 

2.0852 

1.8905 

2.5338 

0.5720 

1.4280 

0.5421 

0.7178 


0 

1 

1 

1 

0 

2 

1 

0 

0. 

2. 

1. 

2. 

1. 

1. 

1. 

1. 

0. 

3. 

1. 

1. 

3. 

1. 

1. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 

0. 
0. 
0. 
0. 

1. 

0. 

1. 
1. 


;i2.102'0 
0.4579  2 


3 . 2347 
1.9429 
0.4667 
1.7147 


.9441 
.3720 
.3925 
.9501 
5735 
0545 
9508 
5410 
9294 
8908 
8419 
4276 
0709 
9161 
3938 
6483 
9236 
8553 
2866 
5214 
6067 
5783 
5192 
3993 
3546 
5052 
5603 
7182 
3459 
2394 
2594 
2773 
5421 
4667 
4119 
3257 
4670 
2743 
5716 
4786 
5290 
3947 
7484 
7003 
8446 
3932 

0826 
1839 
3091 
5147 
1427 
5832 


CaS04 

CaS04 

CaS04 

CaS04 

CaS04 

CaSO* 

CaS04 

CaS04-2H,0 


B 


CaCl,. 
CaF,. . 
CaO.. 
F 


A'     j     B' 


HF... 
H,S04. 
SO,... 
CaO.. 


0.8153  1 


0.5735 

0.4119 

0.2791 

0.2539 

0.7205 

0.5881  1 

0.3257:3 


.2265 
.7438 
.4280 
-5827 
.4021 
3875 
7003 
0707 


1.4278  0.7004 


0 

0. 


1.1426 
1.2853 
1.8547,0 
0.2853 13 
1 .  1251 10 


8754 
7780 
5392 
5048 


0.2327 
0.2220 


2.7685 
1.1711 
1.2282 
2.0275 
1.0487 


4 
4 


2975 
5048 


CH,ClCO,H  . 
CHsCHOH 

CO,H 
CH,CO,H .  .  . 
CH,CO,H .  .  . 
CHjCOjH .  . . 
CN,CO,H .  . . 
CHjCO,H . . . 
CHaCO,H. . . 
CH,CO,xi.  . . 
CH,CO,Na .  . 
CH,CO,Na.  . 
CH,CO,Na.  . 
(CH,CO),0  . 

CH2O4 

C^H,04-2H,0 

C4H.O. 

(\H«06 

C4H40aiK... 


CI 


CI. 

CI. 

CI 

CI 

CI 

CI 

CI 

CI 


H,S04 

Ca(CH,CO,), 
CH,CO,Na . . 
(CH,CO),0  . 

H,S04 

Na,CO, 

Na,0 

Pb 

H,S04 

Na,0 

Na,S04 

H,S04 

H,S04 

H,S04 

H,S04 

NaHCO,.... 
H,S04 


0.3612 
0.8539 
0.8142 
0.4932 
0.9536 


0.3753  2.6645 


1.5446 
1.3169 
1.3663 
0.8499 
0.8169 
0.8828 
0.5164 
1.7249 
0.5979 
0.3779 
0.8660 
0.9612 
1.0897 
0.7782 
0.6537 
1.1197 
0.2607 


1.8361 
'0.7594 
0.7319 
1.1766 
1.S41 
1.1327 
1.9365 
0.5797 
1.6725 
2.6459 
1.1547 
1.0404 
0.9177 
1.2851 
1.5298 
0.8931 
3.83G2 


Ag 

AgCl 

AgNa 

AICU 

BaC^r04   ... 
CH,ClCO,H 

Ca 

CaCl, 


3.0423 


0.3287 


4.042,3  0.2474 
1.791010.2088 
1.*2.>47;0.7970 
3.57  liO.2798 
2. 6(>45  0.3753 
0.5653il.7690 
1.5650:J.6390 
I 


AXA'=BandBxB'=A. 

*  Phenolphthalein  indicator. 
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XVin.— CONVERSION  FACTORS  (Continued) 


CI. 

a. 

ci. 

Cl. 

CI. 

Cl. 

Ci. 

Cl 

Cl 

Cl 

a 
a 

Cl 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

CI 
CI 
CI 

a 


Co.. 
Co.. 

Co.. 
Co.. 
Co.. 
CoO 


CO,. 
CO,. 
CO,. 
CO,. 
CO,. 
CO,. 
CO,. 
CO,. 

CQ^ 

CO,. 
COi. 
COk. 
COi. 

CO,. 

COi. 

COi.. 

CO,.. 

CO,. 


B 


CsCl.. 
HCl.. 

H2S04. 
I 


A' 


KCl 

KClOa 

KC104 

Li 

Mg 

MgClj 

MpCl2-6H,0 
MgOin 

MgCl, 

MnOa 

Na 

NaCl 

NaClO, 

NaCI04 

NH4 

NH4CI 

Rb 

RbCl 

Sn  in  8nCl4 . . 

SnCli 

PbClj 

PbCr04 

ZnCl, 


4.7454 
1.0284 
1.3831 
3.5792 
1.1027 
2.1027 
3.4563 
3.9075 
0.1974 
0.3429 
1.3429 
2.8672 

0.5685 
1.2257 
0.6486 
1.6486 
3.0023 
3.4535 
0.5088 
1.5088 
2.4098 
3.4098 
0.8390 
1.8390 
3.9202 
4.5572 
1.9217 


CoN0,-6H,0 
Co(N02)s 

(KNa)3 

CoO 

Co,04 

'CoS04-7H20 
Co,04 


BaCOa.  ... 

BaO 

Ba(HC03)j 

C 

CaCOa .... 
Ca(HC0a)f 

CaO 

COa 

CsCU.... 
FeCO, 

Fe(HC03)2. 

USOa 

K,C03 

K,0 

LiCO, 

LiHCO,... 

uijO 

MgCO, 


B' 


0. 

0. 

0. 

0. 

0. 

0. 

0 

0 

5 

2 

0 

0 

1 
0 
1 
0 
0 
0 
1 
0 
0 
0 

1 

0 
0 
0 
0 


4 
7 


9361 
6706 


1.2714 
1 .  3053 
4 . 7677 
2.0680 


4 
3 
2 
0 
2 
1 
1 
1 
7 
2 

*«  • 

2. 

:i. 

\. 
1. 
0. 
1. 


4857 
4857 
9476 
2727 
2743 
8419 
2743 
3636 
4005 
6:^27 
0211 
2292 
1409 
1409 
6818 
5457 
6818 


2107 
9724 
7230 
2794 
9069 
4756 
5386 
5919 
0657 
9162 
7447 
3488 

7590 
8158 
5417 
6066 
3331 
2896 
9656 
6628 
4150 
2933 
1919 
5438 
2551 
2194 
5204 


0.2026 
0.1304 

0.7866 
0.7661 
0.2097 
0.9336 


0 

0 

0 

3 

0 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1. 


9164,0. 


2229 
2869 
3393 
6667 
4397 
5429 
7847 
7333 
1351 
3798 
4948 
4486 
3184 
4671 
5946 
6470 
4C67 
5218 


CO,. 
CO,. 
CO,. 
CO,. 
CO,. 
CO2. 
CO,. 
CO,. 
CO,. 
CO,. 
CO,. 
CO,. 
CO,. 
CO,. 
CO2. 
CO,. 
CO,. 
CO,. 


Cr... 
Cr... 
Cr... 
Cr... 
Cr,0. 
Cr/). 
Cr,0. 
ClOa. 
CiO,. 
CrOa. 
CrOa. 


Cs 

Cs 

^xo> •  •  •  • 

Cs 

CsPtCU 
CsPtCl. 


Cu.... 
Cu.... 
Cu.... 
Cu.... 
Cu.... 
CuCNS 
CuCNS 
CuO... 
CuO... 
CuO... 
CuS... 
CU2S. .  . 
CU2S  .  . 


Er,0 


2Vy3 


B 


Mg(HCOa),  . 

MgO 

MnCOa 

Mn(HCOa),.. 

MnO 

Na,COa 

NaHCOa... 

Na,S04 

Na,0 : . 

(NH4),C0a... 

PbCOa 

Rb,C0a 

RbHCOa .  . .  . 

RlhO 

SrCOa 

SrdlCOa)!  . . 
8K) 

ZnCOa 


BaCr04 . 
Cr,0a.., 
PbCr04 . 
K,Cr,07 
BaCr04 . 
CrOa. . . 
PbCr04 . 
BaCr04 . 
K,Cr04. 
K,Cr,07 
PbCr04 . 


C  Cl... 
CsaO. .  . 
C:.'^CO,. 
Cs,S04. 
Cs 
Cs,0. .  . 


CuO 

Cu,0 

Cu^S 

CUSO4 

CuS04-5H20 

Cu 

CuO 

CuS04 

H^S04 

CUSO4 -511,0 
s 


C^uO. 
CU2O 


Er 


Bu*SiFe 


A' 


2 
1 

2. 
1 


1.6629 
0.9164 
2.6121 
0108 
6121 
4091 
9093 
3.6667 
1.4091 
2.1836 
6.0705 
5.2477 
3.3273 
4.2478 
3.3551 
2.3823 
2.3550 
2.8493 


4.8651 
1.4606 
6.2136 
2.8029 
3.3308 
1.3157 
4.2513 
2.5322 
1.9411 
1.4706 
3.2233 


1.2670 
1.0602 
1.2258 
1.3617 
0.3945 
0.4182 


1.2517 
1.1258 
1.2522 
2.5112 
3.9283 
0.5226 
0.6541 
2.0062 
1.2327 
3.1383 
0 . 3353 
0.9996 
0.8991 


0.8746 


2.4533 


0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
2 
2 

0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
2 
1 
1 


B' 

6013 
0913 
.3828 
.4973 
.6203 
.4151 
.5238 
.2727 
.7097 
.4579 
.1647 
.1906 
.3006 
.2354 
.2981 
.4198 
.4246 
.3510 

.2055 
.6846 
.1609 
.3535 
.3002 
.7602 
.2352 
.3949 
.5152 
.6800 
.3097 

.7893 
.9432 
.8157 
.7344 
.5351 
.3911 

7989 
8888 
7986 
3982 
2546 
9137 
5288 
4985 
8112 
3186 
9822 
0004 
1122 


1.1433 
0.4076 


AXA'=BandBXB'=A. 
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F 
F. 
F. 
F. 
F. 
F. 


Fe 

Fe 

Fc 

Fe 

Fc 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe.(titr.cquiv.) 

Fo 

FeCOa 

FedlCO,),. . . 

FeO 

FcO 

FeO 

FeO.. 

FeO 

FeO 

FeO 

FeO 

FeO 

FeO 

Fe2(), 

Fe,0, 

FcOa 

FcjO, 

Fe,(), 

Fe,0, 

Fe,0, 

FojO, 

FcaO, 

Fe,0, 

Fe,0, 


•   *  •  «   • 


FcOi. 

Fe-A),. 
Fe,(  )s . 

F0PO4, 
FcS. . . 
FoS. . . 
FovS. . . 
FeS. 
FeSa 


FeClj 2 

F<?(n,.6H,0..4 
Fe(HCO,),. . .  3 

FeO 1 

Fe,0, 1. 

Fe,04 1, 

FeP04 2 

FcS 1 , 

FeSO« 2. 

FeS()4.7H20   4 
Fe,(SO03....3. 
FeS04(NH,)2 1 
SO^T, 

UNO, 0 

Na«Cr,07.  ...  0 
CO2 0 

AliO, 0 

FeCO., 1. 

Fc(HC03)2...  2. 

FejOa 1. 

F0PO4 2. 

FeS 1 . 

FoS()4 2. 

FeS04-7H,0.  3 

HjSO* I. 

SO, 1 . 

AljO, 0. 

FeCl, 2. 

Fe(X), 1. 

Fe(HC05)2...2. 

Fc,04 0 

FeP04 1. 

FeS 1. 

F0S2 1. 

FoS()4 1 . 

FeS04.7HiO   3. 
FcS04(NH4)j 
S04-6Ha()4. 

F02(SO4)3....2. 

H2SO4 1. 

SO, 1 , 

P2O, 0 

HaS04 2 

H2S 0 

Il2SC)4 1 

s 


,2701 
8410 
1851 
2865 
4298 
3820 
7020 
5743 
7205 
9789 
5807 

0225 
6643 
,7820 
3798 
4948 
,4742 
6125 
4757 
1114 
1002 
2237 
1146 
8700 
3653 
1146 
6400 
0318 
4509 
2277 
9666 
8898 
1011 
5028 
9027 
4822 


0.486S 
0.2791 
0.9496 
0.7899 
0.5170 
0.4524 


0 
0 
0. 


0 
0 
0 
0 


9118 
5032 

8428 
5(X32 

47as 

6554 
3877 
11550 
3<V4S2 
6654  1 


4405 
2066 
3140 
7773 
6994 
7236 
3701 
0.6352 
0.3676 
0.2008 
0.2793 

0.1424 
1.7721 
1.2788 
2.6327 
2.0211 
2.1088 
0.6202 
0.4039 
0.8998 
0.4761 
8172 
4729 
2584 
7324 
8972 
5625 
0.4922 
0.6892 
0.4489 
1.0346 
0.5292 
0.9082 
0.6655 
0.5256 
0.2872 


FeS, 

FeS04 

FeS04-7H,0. 
Fe2(S04)s. . . . 
FeS04(NH4)2 
S04'6H20 


B 


GaaOa, 
GaaSa. 


S 

H2SO4. 
H2SO4. 
H2SO4. 


NaiCrjO; 


A' 


B' 


0.5346 
0.5457 
0.3528 
0.7358 

0.1114 


Ga 
Ga 


|GeO, Ge 

KjGeF. Ge. 


!G10 
GK) 
GIO 


0 
0 
0 
0 
0 
1. 


2036 
3993 

,54271 
6648' 
1239 
3766 
5791 


n 

H,BO, 
HBr. . 
HBr.. 
HCL. 
HCl.. 
HCl .  . 
HCL. 
HCl.. 
HCL. 
HCl . . 
HCL. 
HCL. 
HCL. 
HCL. 
HCL. 
HCL. 


HF 

HF 

HF 

HF 

HF 

HF 

HF(2HF) 
HF(6HF) 


7431 
5029 


Hg... 
Hg... 
Hg... 
Hg... 
HgCl. 
HgCl. 
HgCU. 
HgCl2. 


Gl 

GICI2 

G1S04-4H20. 


HCOtH H,S04 


H2O... 
B2O,... 

Ag 

AgBr.  . 
AgCL.. 
CaCO,. 

CI 

HNO2.. 
HNO,.. 
H2SO,. . 

H,S04. . 
KCl... 
K2O... 
XaCl .  . 
Xa2C0, 
\H4Cl. 
SnCU. . 


0 
0 


7444 
5923 


0 
0 


6938 
2739 


1.8706 
1.5487 
2.8345 
1.3590 

8.9806 


1.3434 
1.6882 


1.4414 
3.6510 


0.3626  2.7582 
3. 1881 !  0.3137 
7.0607  0.1416 


BoSiFe. 
CaFi. . . 
CaS04. 
F 

HjSO*. 
KjbiF.. 
H2SiFe. 
H,SiF» . 


HgCl. 
HgCl,. 
HgO.. 
HgS.. 
SnCl,. 
SnCU. 
HgCl. 
HgS.. 


8, 

0 

1 

2 

3 

1 

0 

1 

1 

1. 

1 

2 

1. 

1 

1 

1 

1 


9363 
5643 
3324 
3195 
9305 
3720 
9724 
2893 


0.1119 
1.7721 
0.7505 
0.4311 
0.2544 
0.7288 
1.0284 
0.7756 


728010.5787 


1255 
3448 
0445 
2915 
6030 
4533 
4669 
7882 


1.0658 


2 
1 
3 
0 
2 
1 
3 
1. 


3297 
9508 
4021 
9496 
4510 
8368 
6065 
2022 


0.8885 
0.7436 
0.4891 
0.7743 
0  6239 
0.6881 
0.6817 
0.5592 


0.9383 


1 
1 
1 

1 
0 


0.4292 
0.5126 
0.2939 
1.0531 
0.4060 
0.5444 
0.2773 
0.8318 


1768 

3535 

0798 

1599  < 

4023 

55*25 

86^ 

8569 


0.849S 
0.7388 
0.9261 
0.8622 
2  4859 
1.8100 
1.1502 
1.1670 


AXA'=B  and  BXB'=A. 
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XVIII.— CONVERSION  FACTORS   (Continued) 


HgO. 
HfrO 
Hgg. 
HgS. 
HgS. 
HgS. 
Hg^. 
HgS. 

HI.. 
HI.. 
HI.. 
HI.. 
HI.. 


HNO,. 
HNO,. 

HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 
HNO,. 


H,P04. 
H,P04. 
H,P04. 
H,P04. 
H,P04. 
H,P04. 
HiPtCl. 


B 


HgCl... 
HgCl... 
Hg(CN),. 
HgNOa. . . 
Hg(NO,),. 
HfeO.... 

HgO 

HgS04... 


1 
1 
1 
1 
1 
0 


6H,0 


H,S.... 

H,S.... 
H,S.... 
H,S.... 

as*... 
as.... 

HiS.... 
HiS.... 

HtSeO,. 


i  ^  •  •  •  ■  • 

Pdl2. 
Tl.... 


AgNO, 

HCl 

H2SO4 

NO 

CI 

HCl 

H,S04 

KNO, 

N 

NaNO, 

NH, 

NH4CI 

(NH4)2PtCl«. . 

NO 

N2O, 

X2O4 

N^O^ 

Pt 


HPO, 

H^V^h. . . . 
H2SO4 

Mg2P207.  . . 

p 


Pt. 


AsjS,.. 
BaS04 
CdS.. 
FeS... 

H,S04. 

S 


SO,. 

so,. 


Se. 


A' 


1827 
1321 
0860 
1290 
3982 
8963 
0.9307 
1.2758 


0.8433 
1.8354 
0.4170 
1.4092 
2.5868 


3 
0 
1 
0 

0 
0 
1 
0 
1 
0 
0 
3 
0 
0 
0 
0 

1 


2729 
7756 
0431 
6382 
5627 
5787 
1782 
6045 
222:3 
3490 
2702 
8489 
5215 
4  62 
60:i2 
7301 
8571 
5471 


B' 


8455 
8834 
9208 
8857 
7162 
1158 
0744 
.7838 


1.1859 
0.5448 
2.3979 
0.7097 
0.3866 


0.816:3 
0.9081 
1.0002 
1.1356 
0.3165 
0.7244 

0.376 


2.4074 
6 .  849:i 
4.2379 
2.5791 
1.4388 
)  9388 
1.88:35 
2.3488 


0.6129 


0 
1 
0 
1 
1 
1 
1 
0 
4 
0 
3 
1 
0 
2 
1 
1 
1 
0 


3055 
2893 
9.587 
5667 
7772 
7280 
2850 
6233 
4981 
7413 
7006 
1780 
2840 
0999 
6579 
3697 
1668 
6464 


1.2251 
1 . 1012 
0.9998 
0.8806 
3 . 1593 
1.3804 

2.6558 


0 
0 
0 
0 
0 
1 
0 
0, 


4154 
1460 
2360 
3877 
6950 
0629 
5309 
4258 


1.6315 


HjSiF. 

HjSiFe . 

HiSiFe. 

H2SiF«. 

H2SiF6 . 

HjSiFe. 

HjSiFe. 

HjSiFe. 

HjSiF. 

H,SiO, 


H2SO,. 
H2SO,. 
H2SO,. 
H2SO,. 


H2SO4. 

H^S04. 

H,S04. 
H2SO4. 
H2SO4. 
H2SO4. 
H,S04. 
H2SO4. 
H2SO4. 
H2SO4 


H2SO4. . 
H2SO4. . 
H,S04.. 
H^S04. . 
H2SO4. . 
H28O4.. 
H2SO4. . 
H,S04.. 
H2SO4. . 
H^S04. . 
H2SO4.. 
H,S04.. 
H,S04. . 
H2SO4.. 
H2SO4. . 
H2SO4. . 
H2SO4. . 
H2SO4. . 
H2SO4. . 
n2S04. . 
HjSO*.. 
H2SO4. . 
H2SO4.. 

H2S04*. 

H2SO4*. 
H2SO4*. 


B 


BaSiFe 
C^aFj. . 
F 


2HF.. 

6HF.. 

H2SO4. 

KjSiFe 

SiF4 .  .  . 

SiFs.., 

SiO, .  . 


BaS04 
HCl.. 
H2SO4. 
SO2. .  . 


AlCl, 

AljOa 

Al2(S04),.  . . . 

Ba(OH)2.... 

BaS04 

C(in  BaCO,) 
Ca(CH,C0,)2 

CaO 

CaS04 

CH3CHOH 

CO2H 
CH,C02H .  . . 
CHsCOaNa .  . 
(CH3CO,)20 

C2H2O4 

C2H204-2n20 

C4HeOe 

PI 

CO2 

CUSO4 

Fe 

FeO 

FezO, 

FeS 

FeS04 

Fe8()4-7H20 
Ftv,(S04),.... 

H3ASO4 

HPI 

ll2C^-204 

H(y02H 

HF 

liN(l2 

HNO, 

H3TO4 

HjS 

H2SO, 


A' 


9379 
54  0 
7899 
2773 
8318 
0391 
5279 
7227 
9860 
7699 


2.8437 
0.8885 
1.1949 
0.7805 


0 
0 
1 
1 
2 
0 
1 
0 
1 

1 
1 
1 
1 
0 
1 
1 
0 
0 
1 
0 
0 
0 
0 
I 
2 
I 
0 
0 
0 
0 
0 
0 

1 

0 
0 
0 


9072 
3473 
1636 
7473 
3800 
1223 
6120 
5716 
3878 

&361 
2241 
6725 
0404 
9177 
2851 
5298 
7230 
4487 
6-275 
5203 
7324 
5427 
896:3 
5487 
8345 
3590 
9648 
74:36 
9177 
9:38:3 
4080 
9587 
2H50 
9998 
6950 
8369 


0, 

1 

1 

3 

1 

0 

0 

1 

1 

1 


B' 

5160 
8485 
2660 
6065 
2022 
4904 
6545 
3837 
0141 
2988 


0.3517 
1.1255 
0.8369 
1.2812 


1 
2 
0 
0 
0 
8 
0 
1 
0 

0 
0 
0 
0 

1 

0 
0 

1 

'> 

0 

1 
I 
1 
1 

0 
0 
0 

1 
1 
1 
1 

2 
1 
0 

I 
1 
1 


1023 
,8792 
.8594 

5723 
.4202 
.1740 
.6203 
.7494 
.7*205 

.5446 
.8169 
.5979 
.9612 
.0897 
.7782 
.6537 
.3831 
.2287 
.6144 
.9220 
.3653 
.8428 
.1155 
.6457 
.3528 
.7358 
.0365 
.3448 
.0898 
.0658 
.4510 
.0431 
.7782 
.0002 
.4388 
.1949 


AxA'=BandBXB'=A. 
*  Phenolphthalein. 
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XVIII.— CONVERSION  FACTORS  (Continued) 


H,S04 

HjS04 

H,S04 

H,804 

H^S04 

H^SO* 

HrS04 

H,804 

H^S04 

H2S()4 

H,S04 

HiS04t 

H2SO4 

H,S04 

H,S04t 

H^^)4* 

H^S04t 

HyS04 

H2SO4 

H^S04 

H,S04 

H,S04 

H2S04 

H^S04 

H2SO4 

H2SO4 

H,S04 

H^S04 

H^S04 

H^S04 

H2S04 

Ha804 

H,S04 

HtSO* 

H^04t 

(Yppt.) 

H^SOi 

HirS04t 

(Yppt.) 

Xl2^^(.)4 

H2S04t 

H2«04* ■ 

H2S04 

HjSO* 

H^S04 

H^SO* 

U^Oa 

H2SO4 

1 

1 


B 


H^SiF. 

K,A1,(S04)4 

24H,0 
KHC4H40. . . 

KNOi 

K,0 

KOH 

K^SiF. 

K^S04 

MgO 

MKSO4 

NaCl 

Na,CO, 

Na,C04 

NajCrjC)? .... 
NaHCO, ... 
NaH,P()4 .  .  . 
Na,HI'()4. .  . . 

NaHSO, 

NaNO, 

NaaO 

NaOn 

Na,P04 

Na^S 

NaaSiFe 

NajSO, 

Na2S04 

NHs 

NH4CI 

(XH4)20 

(NH4),S 

(NH4)2S()4..    . 

(NH4),S,08.. 

N2O3 

Na()4 

N2O, 

P 

P^Oi 

PjOs 

801 

SOa 

SjOftCls 

SO3HCI 

Zn 

Ai\\j 

ZnS04 

Agl 

CI 


A' 


0.4904 

3.2253 
3.8362 
2.0617 
0.9604 
1.1442 
0.7493 
1.7767 
0.4111 
1.2274 
1.1920 
1.0808 
1.3661 
2.6711 
1.7132 
2.4583 
2.8964 
2 .  1222 
1.7334 
0.6321 
0.8158 
3.3448 
0.7959 
0.9598 
2 . 5706 
1.4404 
0.3473 
1.0909 
0.5310 
0.6948 
1.3473 
2.3268 
0.7750 
0.9382 
1 . 1013 

0.0275 
0.7243 

0.0629 
0.3267 
0,6532 
1.3064 
0.8163 
0 . 7309 
0.7921 
0.6(M)5 
0.829() 
1.6459 


B' 


1 .  85(X) 
0.2794 


2.0391 

0.3101 
0.2607 
0.4850 
1.0413 
0.8740 
1.3345 
0.5628 
2.4325 
0.8147 
0.8389 
0.9252 
0.7320 
0.3744 
0.5837 
0.4068 
0.3453 
0.4712 
0.5769 
1.5820 
1.2258 
0.2990 
1.2564 
1.0418 
0.3  90 
0.6904 
2.8792 
0.9167 
1.8382 
1 . 4392 
0.7422 
0.4298 
1.2903 
1.0659 
0.9080 

36.364 
1.3806 

15.878 
3.0590 
1.5309 
0.7a55 
1.2250 
1.368:^ 
1.2625 
1.5004 
1.2054 
0.6076 


B 


In 
In 


K.. 

K 

K 

K2Al2(SO,)3 

24H.O 
ditto 
ditto 
ditto  • 
ditto(tot.J 

ditto 
ditto 

K2Al2(S04)3.. 

KBF4 


KI.... 
KIO,. . 
NalOa. 
XajSOa. 

Pd 

Pdl,... 
Tl 


A' 


B' 


30S1  iO 
55  4  0 


i:rz 


0.496712 


0.4203 
1.4204 
2.6074 


InsOa 


IrjO,. 


1.2090 
1.4187 


2 
O 
0 


59:i0 
6413 

oia5 

3790 
7040 
3835 


O  8271 
0.7047 


1.2491  0.8006 


K2O ... 
KiPtCU 
K2SO4. . 


0 . 5405 
3 . 5792 


KBr.... 
KBr.... 
KCl.... 
KCl.... 
KCl.... 
KCl . . . . 
KCl.... 
KCl.... 
KCl..., 
KCl... 
KClOi.. 
KCN . . . 
KCN... 
KsCO,.. 
K2CO,. . 
K,CO,.. 
K2CK:)4.  . 
K2Cr04. . 
KaCraOy 
KaCraO; 

KiCriOr 
KzCrsO; 
KHCO,. 

KH8O4. 
Kl 


A\ 

WtOt 

HjO 

H2SO4 

HtS04(+Al 
+K) 

S 

K 

NaHCOa 

NaiB407 


1 
6 
2 

0 
0 
0 
0 
0. 

0. 
0. 
0. 


2046,0.8302 
2143  0.1609 
22850  4487 

0571  17.510 
1077;9.2S63 
4561  2.1949 
3101  3.2253 
4134.2  4190 

135217.3084 
0824  2.1363 
975t).  1.0251 


lOHiOiO 
0 
0 


Br 

K 

Ag... 

HCl 

KHC4H40i 
KiPtCU... 

K,S04 

Pt 

AgCl 

AgCN.... 

^» 

V'V^j 

KOH 

K,S04 

BaCi04... 

CiO, 

BaCr04. . . 

CrO, 

Fc 

K2O 

CO, 

BaSO* 

I 


1 

1 
0 
0 
2 
3 
1 
2 
1 
2 
1 
0 
0 
1 
1 
0 
1 
0 
1 
0 
0 
1 
0 


7570 

6715 

3285,3 

4469*0 

9225,0 

4756  2 

4891  2 

5233  lO 

2589  0 

1686  lo 

4935 

1696 

0564 

1696 

3184 

8120 

2610 

3046 

5153 

7220 

6800 

1388 

3200 

439ii 

7141 

7645 


0 
0 
0 
0 
3 
1 
0 
0 
1 
0 
1 
0 
3 


0 
3 


.3199 

.4892 

.0440 

6911 

.5202 

1027 

.0445 

3963 

3069 

8557 

4010 

8550 

.4863 

8550 

1409 

2315 

7930 

.  /oOO 

9411 
^807 
4706 
8782 
1252 
2752 
5834 
0440 


AxA'=BandBXB'=A. 

♦  Phenolphthaloin.  t  Methyl  Orange. 

X  Titration  of  yellow  precipitate,  ammonium  phosphomolybdate. 
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XVni.— CONVERSION  FACTORS  (Continued) 


JQ 

XMnO* . 

[CNO,. . 

KNO,. . 

KNO,. . 

KNO3. . 

KNOa. . 

KOH.. 

KOH.. 

KOH.. 

K,0... 

K,0... 

K,0... 

K,0... 

KaO... 

K,0... 

K2O... 

K2O... 

K,0... 

K2O... 

K2O.  .  . 

K2O ... 

K,0... 

K2O ... 

K2O... 

K2O... 

K2O... 

KiPtCU 

KjPtCle 
KjPtCle 

K,PtCl. 
KjPtCU 
K2PtCl« 
K,PtCl« 

K,PtCU 

KjPtOi 

KjPtCle 

KiPtCle 

KjSiFe . 

KaSiF* . 

KjSiFe. 

K,SiF«. 

K,SiF6 . 

K:8iF« . 

KjSiFe. 

KjSiO,. 

K,S04.. 

K2SO4.. 

K,S04.. 

KjSOi.. 

K1SO4.. 

KjSOi. . 

KjSO*.. 


B 


K 

Mn,04 . . 
H2SO4. . 
K,PtCl6 
NaNOs. 
NO. . . . 
N2O5. .  . 
11,804. . 
K2CO3 . . 
K2O... 


A' 


01 

CO2 

HCl 

H2SO4 

K 

KBr 

KCl 

KHCO3 

KjCOs 

KHC4H40«  . . 

KjCfjOt 

KI 

KOH 

KNO,....:.. 

KjPtCle 

K2SO4 

80, 

K 

KCl 

K2CO, 

KNO3 

K2O 

K2SO4 

K2Al2(804)4 

.24H2O 

K2Cr2(S04)4 
.24H2O 

Pt 

PtCh 

PtCU-SHjO.. 
F 

HF 

HjSiF. 

H2SO4 

KF 

SiF4 

810, 

SiO, 

H28O4 

K 

KCl 

K2CO, 

K2O 

KiPtCle 

SO, 


0.2355 
0.4826 
0.4850 
2.4041 
0.8408 
0.2968 
0.5342 
0.8741 
1.2315 
0.8394 
0.7529 
0.4671 
0.7743 
1.0413 
2.8302 
2.5270 
1.5830 
1.0627 
1.4671 
3.9936 
3.1252 
3.5248 
1 .  1913 
2.1466 
5.1609 
1.8500 
0.8500 
0.1609 
0.3068 
0.2844 
0.4159 
0.1938 
0.3585 

1.9530 

2.0559 
0.4013 
0  6931 
0.8785 
0.5170 
0.5444 
0.6545 
1.3345 
0.5270 
0.4730 
0.2735 
0.3903 
0.5628 
0.4487 
0.8557 
0.7930 
0.5405 
2.7897 
0.4595 


B' 


4.2460 
2.0721 
2.0617 
0.4159 
1.1894 
3.6898 
1.8721 
1.1440 
0.8120 
1 . 1913 
1.3282 
2.1409 
1.2915 
0.9604 
1.2046 
0.3957 
0.6317 
0.9410 
0.6816 
0.2504 
0.3200 
0.2837 
0.8394 
0.4658 
0.1938 
0.5406 
1 . 1765 
6.2143 
3.2589 
3 . 5162 
2.4041 
5.1609 
2.7897 

0.5120 

0.4964 
2.4921 
1.4427 
1.1383 
1.9342 
1.8368 
1.5276 
0.7493 
1.8976 
2.1141 
3 . 6567 
2.5622 
1.7767 
2.2285 
1.1686 
1.2610 
1.8500 
0.3585 
2.1765 


La. 


Li 

Li 

Li 

Li 

LiCl .  . 
LiCl . . 
LijO . . 
U2O . . 
LijO.. 
Li,P04. 
Li,P04. 
LiiPO*. 

Li2S04. 

LizSO*. 

Li2S04. 


Mg 

Mg 

Mg 

Mg 

MgCl2 

MgCl2-6H20 

MgCO, 

Mg(HC0,)2. . 

MgO 

MgO 

MgO 

MgO 

MgO 

MgO 

MgO 

MgO 

MgO 

MgO 

MgO 

MgO 

Mg2P207 

MgsP-O; 

MgjPjO; 

MgaPjOT 

Mg2P,07 

MgaPaO; 

Mg2P207 

MgjPaO; 

MfePjOy 

Mg2P207 

Mg2P207 

Mg2P207 

Mg2P207 

Mg2P807 

MgaPjOr 

Mg2P207 

Mg2P207 


B 


LaiO, 


LiCl.... 
LiiCO,.. 
LitO.... 
Li2P04. . 
Li,S04. . 
U2O... 
UtCOz . . 
LijSO*.  . 
Li,P04. . 
LijCO,.. 
liHCOa 

Li2S04  .  . 

Li 

LiCl... 
80, 


CI 

MgO 

Mg2P207 

MgSO* 

CI 

CI 

CO2 

COj 

BaS04 

CI 

CO2 

ri2d04 

MgCl, 

MgCOa 

Mg(HCOa),  . 

MgiPja 

MgSO* 

Na2S04 

8O3 

Ca,(P04)2.... 

H3PO4 

Mg 

Mg(CH,C02) 

MgClj 

MgCl2-6H20 

MgCO, 

Mg(HC03)a  . 

MgO 

MgS04 

MgS04-7H20 

Na,P04 

Na2HP04. . . . 
Na2804 

(NH4)H2P04. 
(NH4)2HP04. 

P 


A' 


1 . 1727 


8. 

5 

2. 

5 

7, 

0 

2 

3 

2 

0 

1 

1 

0 

0 

0 


1096 
3*227 
1539 
5629 
1296 
3523 
4630 
6799 
5842 
9569 
7601 
4240 
1262 
7712 
7282 


2.9162 
1.6579 
4.5789 
4.9450 
0.7447 
0.3488 
0.5218 
0.6013 
5.7897 
1.7590 
1.0913 
2 . 4325 
2.3621 
2.0913 
3.6294 
2.7619 
2.9859 
3.5236 
0.7954 
1.9859 
1.3932 
0.8806 
0.2184 
1.2784 
0.8552 
1.8260 
0.7575 
1.3141 
0.3521 
1.0811 
2.2143 
1.4731 
1.2755 
1.2758 
1.0336 
1 . 1865 
0.2787 


B' 

0.8528 

0.1637 
0.1879 
0.4643 
0.1798 
0.1262 
2.8381 
0.4044 
0.2718 
0.3870 
1.0451 
0.6682 
0.7023 
7.9216 
1.2966 
1.3732 

0.3429 
0.6032 
0.2184 
0.2020 
1.3429 
2.8672 
1.9164 
1.6629 
0.1727 
0.5685 
0.9164 
0.4111 
0.4234 
0.4782 
0.2755 
0.3621 
0.3349 
0.2838 
1 . 2572 
0.5036 
0.7178 
1.1356 
4.5789 
0.7822 
1.1692 
0.5477 
1.3203 
0.7610 
2.7619 
0.9250 
0.4516 
0.6789 
0.7840 
0.7838 
0.9675 
0.8428 
3.5877 


AXA'=BandBxB'=A. 
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MftP^T 

MgS04 

MgS04 

MgSO* 

MgS04-7H20 
MgS04-7H,0 

Mn 

Mn 

Mn.... "..... 

Mn 

Mn 

Mn 

MnCO, 

MnCHCOsV. 

MnO 

MnO 

MnO 

MnO 

Mn,0, 

MnzO, 

MnjO, 

MnaO, 

Mn504 

MnS04 

MnS04 

Mo 

Mo 

Mo 

MoO, 

MoO, 

MoO, 

MoO, 

Mo04(NH4)2 

N 

N 

N 

N 

N 

N 

N 

N 

N 


Na 

Na, 
Na, 
Na 
Na, 

Na, 
Na, 
Na, 


B 


P«0*.. 
BaS04 
H,S04. 
SO,. . . 
80,. . . 
BaS04 


MnCO, . 
MnO... 
Mn,0,.. 
Mn,04 . . 
MdsPiOt 
MnS. . . . 

CO, 

CO, 

MnCOa. 
Mn,Oa . . 
MnS.... 

SO, 

KMn04. 
Mn,04.. 
MnS04. . 

S 

K2Mn04. 
BaSO*.  . 
SO, 


A' 


0.6379 
1.9389 
0.8147 
U.6651 
0.3248 
0.9469 


MoO, 

MoS, 

PbMo04 

MoS, 

(NH4)2Mo04. 
(NH4),P04 
(MoO,)w 

PbMoO* 

PbMo04 


HNO,. . 
NO2... 
N,0,. . . 
N2O4. . . 
N,05. . . 
NaNOi. 
NH,... 

Pt 

SO3. . . . 


Br. 

CI. 


I 

NaBr. . . 
XaCl .  .  . 
Na^CO, . 
NaF.... 
NaHCO, 


.0923 
.2913 
.4369 
.3884 
.5846 
.5838 
.3828 
.4973 
.6203 
.1128 
.2266 
.1289 
.0721 
.9662 
.0398 
.2032 
.5848 
.5458 
.5303 


1.5000 
2.0022 
3.8239 
1.3348 
1.3617 

1.0863 
2.5494 
1.8722 


4.4981 
3.2841 
2.7131 
3.2841 
3.8551 
6.0678 
1.2155 
6.9665 
2.8576 


3 
1 
5 
4 
2 
2 
1 


4748 
5417 
5182 
4747 
5417 
3044 
8261 


3.6525 


B' 


1.6676 
0.5158 
1.2274 
1.5036 
3.0786 
1.056 


0.4779 
0.7744 
0.6959 
0.7203 
0.3869 
0.6314 
2.6121 
2.0108 
0.6172 
0.8987 
0.8153 
0.8859 
0.4826 
1.0349 
0.4902 
4.9224 
0.3869 
0.6469 
1.8858 


0.6667 
0.4995 
0.2615 
0.7492 
0.7344 

0.9205 
0.3923 
0.5342 


0.2223 
0.3045 
0.3686 
0.3045 
0.2594 
0.1648 
0.8227 
0.1435 
0.3499 


0.2878 
0.6486 
0.1812 
0.2235 
0.3934 
0.4340 
0.5476 
0.2740 


Na 

Na 

Na 

Na 

Na 

Naj  AI8O4 .... 
Na,AU(S04)4 
.24H20 

Na2B407 

Na«B407 

NasB407 

.  10H,O 

ditto 

ditto 

NaBr 

NaBr 

NaBr 

NaCl 

NaCl 

NaCl 

NaCl 

NaCl 

NaCl 

NaCl 

NaCl 

NaCl 

NaCl 

NaCl 

NaCl 

NaCl 

NaClOa... 
NaC104 .... 

NhjCO, 

NajCO, .... 
Na,CO,.... 

NajCO, 

Na,CO, 

NatCOa.... 
NajCO,.... 
Na,COa .... 

Na^CO, 

Na,CO,.... 
NasCO, .... 

NaaCO, 

Na^COa 

NajC,04. .  . . 
Na2Cr04. . . . 
NaiCrsOy . . . 
Na2Cr207 . . . 
Na2Cr«07 . . . 

NaP 

NajHAsOa. . 
Na2HAs04. . 
Na2HAs04. . 
Na^HAs04. . 


B 


Nal... 
Na,0.. 
NaOH. 
Na^SOa. 
Na2S04. 
AI5O,. . 


A' 


S. 


B2O,.. 
H,BO, 


B2O, 

H,BO,.... 
KBF 

Ag 

AgBr 

Br 

A  CI 

AgNOa. .  .  . 

CaO 

CI 

xlvyl 

H,S04 

NasCOa .  .  . 
NaHCO, .  . 
NajHPO*. . 
NaHSO,. . . 

Na^ 

Na2S04. . . . 

ZnCl2 

CI 

CI 

BaS04 

CaCOa .... 

CaO 

CHaCOiH . 

CO, 

HCl 

H,S04 

j^a ....... 

NaCl 

NaHCO,.  . 
NaHSO,. . . 
NaOH.... 

NajO 

HaS04 

PbCr04 .  .  . 

Fe 

H0SO4 

NajCr04. . . 

CaF2 

MgsAs^T" 

As 

AssOft 

MgsASxOy. . 


6 
1 
1 
2 
3 
0 

0 
0 
1 

0 
0 
1 

;i 

1 

0 

2 


5183 
3478 
7391 
6754 
0885 
6224 


B' 


1399 

aasi 

2282 

.1832 
.6492 
3199 
(H6S 
8247 
7765 
4519 


0.1534 
0.7419 
10.5750 
0.3738 
0.323S 
1.6067 

7.1474 
1.4429 
0.8142 


5.4594 

1.5404 
O . 75/ 4 
O  9562 
O.54S0 
1.2878 
O  4078 


2.906110.3441 


0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
0 
0 
2 
0 
0 
1 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 


4786 
.6066 
.6239 
8389 
.9066 
4370 
2149 
7803 
5303 
2151 
1656 
3331 
2896 
2022 
9441 
5290 
1327 
4151 
6881 
9253 
4:?40 
1030 
850 
9637 
7549 
5849 
7320 
9944 


3744 
2367 
.9294 
9135 
.4031 
.6182 
.8349 


2  0852 


6486 
6030 
1920 
1030 
0.6959 
0.8231 
0,5617 
1  885S 
0  8230 
0.8579 
3.0023 
3.4535 

0  4541 
1.0593 
1.8905 
0.8828 
2.4091 
1.4533 
1.0607 
2.3044 
0.9066 
0.6309 
0^092 
1.3247 
1.7097 

1  3661 
0.5014 


2788  0.7^20 


2  6711 
0.8086 
1  0760 
1.0947 
2.4809 
1.6177 
1.197S 


AXA'=B  and  BXB'=A. 
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XVIII.— CONVERSION   FACTORS   (Continued) 


asHAs04. .  ■ 
&HCX3| .... 
aHCOa* ... 
aHCX)s*.. 
aHCO». . . . 
aHCGi . . . . 
aHCX)*.  . . . 

aHCOs 

iSlHCOz.  . . . 

[aHCO, 

iaxxOOs.  . . . 
[aHCX),.... 
raHCO,*... 
raHCOa* . . . 
TaHCX), .  . . . 
raHjPO/... 
raftPO/... 
raHiPO/... 

raH,P04*. .  . 
IaHsP04*. . . 
laHaPOi*. . . 
fa2HP04t. 
Ja2HP04. . . . 

Ia2HP04.... 
N^ a»HP04 . . . . 
s^ajHjPiOr. . . 
•la^HiPaOj. . . 
^asHaPjOT. . . 
^a(NH4) 
HP04-4H,0 

^a3P04 

'^a,P04 

>JaaP04 

:^aaP04 

S%P04 

^a,P04 

N'aHSO, 

S^aHSO, 

N^aHSOa 

N'aHSOa 

NaHSO, 

NaHSO, 

Nal 

Nal 

NalOi 

NaNO, 

NaNO, 

NaNO, 

NaNO, 

NaNO* 


B 


AsjOg 

M(S04),.... 
Ca(H,P04):. . 
CaH2P207 . . . 

C4H40« 

CO, 

H2SO4 

K2AI,  (804)4. . 
KHC4II4O6  •  • 

KMn04 

Na 

NajCO, 

NaHtP04. .  . . 
Na2HaP204. . . 

Na20 

H2SO4 

NaHCOj 

NaH2P04 

.4H2O 
Na«0 


P. 

P2O5. . . . 
H2SO4. . . 
Na2HP04 

.  12H,0 
NajO.... 

P2O6 

NaHCOa . 
NaaO.... 
P,0. 


PaO. 

H2SO4 

Mg2p207..  .  . 

NajO 

Na2S04 

NasP04 

.  I2H2O 

PsOs 

BaS04 

H2SO4 

NaCl 

NazO 

NasStOfi.... 

SO2 

Na 

NajO 

I 


HNOa. . 
H2SO4.. 
KNO,. . 
NaNOj. 
NaaO.. 


A' 


0.7011 
0.6793 
1.3938 
1.2866 
0.8931 
0.5238 
0.5838 
1.0251 
2.2395 
0.4717 
0.2740 
1.2618 
1.4291 
1.3219 
0.3690 
0.4068 
0.6997 

1.6003 
0.2682 
0.2585 
0.5917 
0.3453 

2.5220 
0.4365 
0.5001 
0.7565 
0.2792 
0.6397 

0.3395 
0.2990 
0.6789 
0.5669 
1.2991 

2.3179 
0.4331 
2.2432 
0.4712 
0.5617 
0.2979 
0.9134 
6.6156 
0.1534 
0.2068 
0.6413 
0.7413 
0.5769 
1 . 1894 
0.8117 
0.3647 


B' 


1.4264 
1.4721 
0.7175 
0.7773 
1.1197 
1.9039 
1.7129 
0.9756 
0.4465 
2.1260 
3.6525 
0.7925 
0.6997 
0.7565 
2.7099 
2.4583 
1.4291 

0.6249 
3.8728 
3.8678 
1.6900 
2.8964 


0. 

2. 

1, 

1 

3 

1 


3965 
2911 
9995 
3219 
5822 
5632 


2.9452 
3.3448 
1.4731 
1.7639 
0.7698 

0.4314 
2.3091 
0.4485 
2.1222 
1.7803 
3..*  574 
1.0948 
1.6244 
6.5183 
4.8350 
1.5594 
1.3490 
1.7334 
0.8408 
1.2319 
2.7423 


NaNO,. 
NaNO,. 
NaNO,. 
NaOH. 
NaOH. 
NaOH. 
NaOH. 


NasO 

NajO 

NasO 

NaaO 

Na20 

NaaO 

NajO 

NajO 

NajO 

NaaO 

NasO 

NajO 

Na,0 

NaaO 

NajO 

NajO 

Na,0 

NajO 

NajO 

NajO* 

NajO 

NaaS 

NajS 

NasS 

NajS 

NajS 

NaaSO, 

NajSOa 

NaaSO, 

NajSO, 

NajSO, 

Na2S04-7H20 

NaiSsO, 

Na^O, 


Na^jSO*. 
Na2S04. 
Na2S04. 
NaaSO*. 
NajSO*. 
NajSO*. 
Na2S04. 
NaaSO*. 
Na2S04. 
Na2S04. 


B 


NH, 

NO 

N2O, 

H2SO, 

NasO 

NajSiFe 

(NH4)3P04 

(MoO,)n 

BaS04 

CHaCOjH .  . . 

CHaCOaNa.. 

H2SO4 

Na 

NaCl 

NaaCO, 

NaF 

NaHCO,.... 

Na2HP04. .  . . 

NaH2P04. . . . 

NajHiPiO;. . . 

NaHSOa 

NaNO, 

NaOH 

Na,P04 

Na^ 

NaaSO, 

Na2S04 

P2O, 

SOa 

BaS04 

Hofi 

H2SO4 

NaaO 

S 


BaS04 
H2SO4. 
I 


Na,0 

SO2 

SO2 

BaS04 

NaaSaO, 

•5H2O 

BaS04 

CaO 

CHaCOjNa.  . 

H2SO4 

MgO 

MgjPaOT 

Na 

NaCl 

NasCOa 

NaF 


"k' 


0.2004 
0.3530 
0.6353 
1.2258 
0.7748 
0.8499 

2.0400 

3.7651 

1.9365 

2.6459 

1.582 

0.7419 

1.8858 

1.7097 

1.3548 

2.7099 

2.2911 

3.8728 

3.5822 

3.3574 

2.7423 

1.2906 

1.7639 

1.2592 

2.0334 

2.2915 

1.1458 

1.2915 

2.9904 

0.4237 

1.2564 

0.7942 

0.4108 

1.8515 

0.3890 

2.0135 

0.4918 

0.6082 

0.2541 

2.9624 

1.5696 
1.6431 
0.3947 
1.1547 
0.6904 
0.2838 
0.7838 
0.3238 
0.8230 
0.7461 
0.6913 


1 
0 
0 
0 
0 


B' 

4.9906 
2.8327 
1.6740 
0.8168 
1.2906 
1.1766 

0.4902 
0.2666 
0.5164 
0.3779 
0.6321 
3478 
6303 
6849 
7381 
3690 
0.4366 
0.2582 
0.  792 
0.2979 
0.3647 
0.7748 
0.5669 
0.7942 
0.4918 
0.4364 
0.8727 
0.7743 
0.3344 
2.3602 
0.7959 
1.2592 
2.4343 
0.6401 
2.5706 
0.4966 
2.0334 
1.9677 
3.9360 
0.3387 

0.6371 
0.6086 
2.6338 
0.8660 
1.4484 
3.5236 
1.2758 
3.0835 
1.2151 
1.3403 
1.6905 


AXA'=B  and  BXB'=A. 


Phenolphthalein. 


t  Methyl  Orange. 
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XVIII.— CONVERSION  FACTORS  (Continued) 


B 


Na»S04 

Na4S04 

Na^SO*. . . . . 

NajSO* 

NasSO* 

NaiS04 

Nd 

NH3 

NH, 

NH, 

NH, 

NH, 

NH, 

NH, 

NH, 

NH, 

NH, 

NH, 

NH, 

(NH4),A1* 
(S04)i -241120 
ditto 

NH4CI 

NH4CI 

NH4CI 

NH4CI 

(NH4)H,P04. 
(NH4)H,P04. 

(NH4)2HP04. 

(NH4),HP04. 

(NH4),0 

(NH4),P04 
(MoO,),2 
ditto 
(NH4)5PtCU  . 
(NH4)2PtCU. 
(NH4)2PtCl« . 
(NH4)2S 

(NH4)2S04.  . . 
(NH4)2S04.  . . 
(NH4)2S04.  . . 
(NH4)2S04.  .  . 
(NH4)2S04.  . . 
(NH4)2S208  .  . 

Ni 

Ni 

Ni 

Ni 


NaHSO, 

NajO 

Na«S 

Na^SO, 

NaaS04 

.  10H,O 
SO, 

NdaO, 

HNO, 

H,S04 

N 

NaNO, 

NaNO, 

NH4CI 

(NH4),HP04. 
(NH4)H,P04. 

NH4OH 

(NH4)»PtCU . 

(NH4)2S04.  . . 

N,06 

2A1203 

s 

^;:::::: 

HCl 

H2SO4 

MgaPsOy 

NH, 

Mg,P,07 

NH, 

H2SO4 

P 

P2O, 

Pt 

PtCle 

H2S()4 

BaS04 

H2SO4 

V 

>TTT 
1    A- A.  J    ••••■■•■ 

N2O3 

H2SO4 


NiCsH4N404 . 

Ni(N0,)2 

.6H2O 

NiO 

NiS04 


A' 


1.4652 
0.4364 
0.5495 

0.8874 

2.2681 
0.5636 


1 . 1674 


3.6995 
2.8792 
0.8227 
4.0513 
4.9906 
3.1409 
3.8785 
6.7570 
2.0577 
13,032 
3.8790 
3.1714 

0.1127 
0.1414 
2.6793 
0.6628 
0.6817 
0.9167 
0.9675 
0.1480 
0.8428 
0.2578 
1.8832 

0.0165 
0.0378 
0.2840 
0.4393 
0.7589 
1.4392 
1.7665 
0.7422 
0.2120 
0.2578 
0.8174 
0 . 4298 


4.9-221 


4 

1.2727 
2.6371 


B' 


0.6825 
2.2915 
1.8198 
1 . 1269 

0.4409 
1.7743 


0.8566 


0.2704 
0.3473 
1.2155 
0.2468 
0.2005 
0.3184 
0.2578 
0.1480 
0.4860 
0.0764 
0.2578 
0.3153 

8.8742 
7.0696 
0.3732 
1.5088 
1.4669 
1.0909 
1.0336 
6.7570 
1.1865 
3.8785 
0.5310 

CO. 475 
26.424 
3.5215 
2.2761 
1.3177 
0.6948 
0.5661 
1 . 3473 
4.7162 
3.8790 
1.2234 
2.3268 


0.2032 


9556  0.2018 
0.7858 
0.3792 


Ni. 


NO. 
NO 
NO. 
NO. 


B 


NiS04-7H,0. 


HNO,.. 
HNO,. . 
KNO,. . 
NaNO,. 


A' 


4.7863 


1.5667 
2.0999 
3.3689 


B' 


O.2069 


0.6382 
0-4762 
0  2968 


2.8327:0  3530 

Ice  NO =0.0021  g.  HNO,,  or  0.0028143 
g.  HNO3,  or  0.00415  g.  KNC,  or 
0.003796  g.  NaNO,,  or  0.00134  g.  NO, 
or  0.001696  g.  NjO,,  or  0.0020545  g. 
N2O4. 


N2O,. . 
N,0,. . 
N2O,. . 
N20,*. 
N2O,.. 
N2O,.. 
N2O,. . 
N2O,.. 
N2O,. . 
N,04. . 
N,04  . 

N204*. 

N,04. . 
N2O4. . 
N2O4. . 
N,Oj.. 
N2O,. . 

mo,\ 

N2O6.. 
NjO^. 
N,0,. . 
N,0,. . 
NaO,. . 


Os. 


P. 
P 
P. 
P. 


P... 

P2O,. 

P2O,. 

PtO.. 

P2O,. 

P2O,. 

P2O, 

P2O,. 

P2O. 

P2O5 


AgNO,. 
HCl.  .  . 
HNO,. . 
H2SO,.. 
H,S04.. 

N 

NaNO,. 
NO... 
N2O4. . . 
HCl . . . 
HNO,. . 
H2SO,.. 
HiSO*.. 

N 

NO.... 
HCl . . . 
HNO,. . 
H2SO,. . 
H,S04.. 
KNO,. . 
NaNO,. 
NH,... 
NO. . . . 


OsO*. 


H,P04 

Mg,P,07 

NaH2P04. . . . 
(NH4),P04 
(MoO,), 

P,0. 

AIPO4 

A1,P,0, 

CaHP04 

Ca(H,P04) 
CaH,P,07 
Ca,PiO, . . 
FeP04... 
H3PO4 . . . 
H,S04..., 


2. 


4 

0 
1 
1 
1 
0 
2 
0 
1 
0 

1 

0 

1 

0 
0 
0 

1 

0 
0 

1 
1 

0 
0 


048710 
9594' 1 
6679  0 


0798 

2903 

3686 

0787 

7895 

2104 

7928 

3697 

9820 

06590 

30453 

6523 

6752 

1668  0 

7599  1 

9080 

8721 

5740 

3153 

5556 


1.3353 


3.1593 
3.5877 
3.8678 

CO. 470 
2.2887 
1.7197 
1.7193 
1.9161 
1.6483 
1.5214 
2.1839 
2.1239 
1.3804 
1.3806 


.2470 
.0423 
.6032 
.9261 
.7750 
.7131 
.4810 

.8262 
,2617 
.7301 
.1210 
.93^ 
.2841 
.5332 
.4810 
.8571 
.3159 
.1013 
.5342 
.6353 
.1714 
.7997 


0.7489 


0.3165 
0.2787 
0.2585 

0.0165 
0.4369 
0.5815 
0.5816 
0.5219 
0.6067 
0.6573 
0.4579 
0.4708 
0.7244 
0.7243 


AXA'=BandBXB'=A. 

*  Phenolphthalein. 
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XVIII.— CONVERSION  FACTORS   (Continued) 


p,o.. 

PsOs. 
P»Os. 

p,o.. 

PiOs. 

p^o*^ 
P2O5. 

P*06. 


Pb. 
Pb. 

Pb. 

Pb. 
Pb. 

Pb. 
Pb. 
Pb. 
Pb. 
Pb. 
Pb. 
Pb. 


PbCl,.... 
Pl>CO, . . . 
PbCr04 . . 
PbCr04 .  . 
PbCrO*.. 
PbCrO*.. 
Pf>Cr04 .  . 

PbCr04 .  . 

PbCr04 .  . 
PbCr04 . . 
PbCr04 . . 
PbxMo04. . 
PbMo04. . 
PbMoO*. . 

PbO 

PbO 

PbO 

PbO 

PbO 

PbO 

PIX) 

PbS 

PbS 

PbS 

PbS04... 

PbS04... 


B 


MgjPaOr 

Na2HP04. .  .  . 
NaHaPO*. .  .  . 
NajHaPaOy. .  . 

Na(NH4) 
HP04-4H20 

Na^O 

NaiP04 

(NH4)aP04 

(MoO,)« 


A' 


CHaC02H . . . 
PbCCHsO,), 

PbCU 

PbCOa 

(PbC0,)2Pb 
(OH), 

PbCK)4 

PbO 

PbOj 

Pb(0H)2.... 

PbS 

PbS04 

S 


CI2 

CO2 

Cr 

CrzOa 

Na«Cr04. . . . 

Pb 

Pb(CH,02), 

•3HaO 

(PbC03)2Pb 

(OH) 

PbO 

PbjO* 

PbS04 

Pb 

Mo 

M0O3 

PbCU 

PbCO, 

Pb 

PbClj 

PbCO, 

Pb(NOv)j. . . 

PbSO* 

Pb 

PbO 


1 . 5676 
1.9995 
1.6900 
1.5632 

2.9452 
0.8727 
2.3091 

26.424 


■  •  ■  • 


BaS04 

Pb(C2H,02)2 

.3H,0 


0 
1 
1 
1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0. 

0. 


.5797 
.5700 
.3424 

.2897 

.2479 

.5601 

.0773 

.1545 

.1643 

.1549 

.4639 

1548 

2551 

1547 

1612 

2352 

5014 

6410 


B' 


0.6379 
0.5001 
0.5917 
0.6397 

0.3395 
1 . 1458 
0.4331 

0.0378 


1.7249 
0.6369 
0 . 7449 
0.7754 


1.1733 


0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
0 
0 
0 

1 


7996 
6905 
7070 
9383 
5642 
2615 
3923 
2461 
1972 
9283 
2461 
1972 
4842 
3589 
8659 
9328 
1341 
7700 

2507 


.8014 
.6410 
.9283 
.8662 
.8589 
.8659 
.6831 
.4599 
.9202 
.0705 
.2034 
2531 
9944 
5600 


0.8523 

1.2505 
1.4482 
1.4142 
1.0657 
1.7722 
3 . 8241 
2.5491 
0.8025 
0.8353 
1.0772 
0.8025 
0.8353 
0.6738 
0.7359 
1.1549 
1.0720 
7.4577 
1.2987 

0.7995 


PbSO* 

PIXSO4 . 
PbS04. 

Pl>S04. 


Pd.. 
Pd.. 
Pd.. 
Pd.. 
Pd.. 
Pd.. 
Pdl2 
Pdl, 


B 


(PbC0a)2Pb 
(OH), 

PbO, 

Pb,04 

PbS 


Pt 

Pt 

Pt 

Pt 

Pt 

PtCU 

PtCU 

PtCl4-5H20.. 


KjPdCU. .  . . 
PdCl2-2H20 

Pdlj 

Pd(NO,), 

HI 

I 

HI 

I 


A' 


0.8525 
0.7887 
0.7535 
0.7889 


•  •    •   ■ 


Pr. 


Rh 
Rh 


Rb 

Rb 

Rb 

Rb 

Rb 

Rb 

Rb 

RbCl .  .  . 
RbCl .  .  . 
RbjCOa . 
RbjO... 
RbjO.  .  . 
RbPtClfl. 
RbPtCl.. 
RbPtCU. 
RbPtCle. 


S. 

s. 
s. 
s. 
s. 
s. 
s. 


KjPtCU 

ILPtCle-OHjO 
(NH4)2PtCU . 

X  1(^14 

PtCl4-5H20.. 

K.2PtC'l6 

(NH4)2PtClfl . 
KaPtCU .... 


3.7270 
2.0024 
3.3791 
2.1623 
2.3970 
2.3790 
0.7096 
0.7043 


PrsO, 


NaaRhCU. . 
RhCl, 


AgCl 

CI 

RbCl.... 
RbCO,. . . 
Rb,0.... 

Rb2S04.  .  . 
RbjPtCle . 

RbHCOa . 
RbCl.... 
Rb^S04. . . 
RbCl.... 
RbjCOs .  . 
RbHCO,. 
RbaO.... 


BaS04 
H2S. . . 
H2SO4. 
FeS. . . 
FeSa .  . 
NajS.. 
Pb.... 


2 

2 

2 

1 

2 

1 

1. 

1. 


4921 
6558 
2761 
7266 
1881 
4427 
3177 
1383 


1 . 1707 


3.7382 
2.0338 


.6775 
.4098 
.4150 
.3510 
.0937 
.5622 
.3862 
.8550 
.2933 
.2686 
.2939 
.4284 
.4178 
.3987 
.5060 
.3229 


7.2791 
1.0629 
3.0585 
2.7412 
1.8706 
2.4344 
6.4599 


B' 


1 . 1731 
1.2679 
1.3272 
1.2676 

0.2683 
0.4994 
0.2959 
0.4625 
0.4170 
0.4203 
1.4092 
1.4204 

0.1609 
0.3765 
0.4393 
0.5792 
0.4570 
0.6931 
0.7589 
0.8785 

0.8542 

0.2675 
0.4917 


0 

0 

0 

0 

0 

0 

0. 

0 

3. 

0. 

0 

0. 

2 

2 

1. 

3. 


5961 
4150 
7067 
7402 
9144 
6402 
2952 
8435 
4098 
7883 
7729 
7001 
3938 
5071 
9762 
0972 


0. 

0 

0. 

0 

0 

0. 

0. 


1374 
9388 
3270 
3648 
5346 
4108 
1548 


AXA'=Band  BxB'=A. 

*  Pbenolphthalein. 
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XVIII.— CONVERSION   FACTORS  (Continued) 


S 

ft 

SO, 

S02 

so, 

so,*.... 
so,t.... 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

so, 

S()4 

S0,.HC1 
SaOfiCl,. . 

Sb 

Sb 

Sb 

Sb 

Sb 

Sb 

Sb,0,... 
Sb,Si. . . . 

Se 

Se 

Se 

Se 

Si 

Si 

Si 

SiF4.... 
SiF4.... 
SiF*.... 
SiFfl... . 
SiO,.... 
SiO,.... 


B 


SO, 

so, 

BaS04 

Ca(HSO,),. . 

H,SO, 

H,S04 

H,S04 

NaHSO,. . . . 

Na,SO, 

Na,S0,.7H,0 

A1,0, 

A1,(S04)« .... 

BaS04 

CaO 

CaS04 

H,S04 

K,S04 

MgO(in 

MgS04) 

MgS04 

MnS04 

Na/) 

Na«S04 

66*0.  v.... 

ZnSO* 

BaS04 

II,S04 

H,S04 

KSbOC4H40e 

SbCl, 

SbtOz 

Sb,0» 

Sb,Sa 

SbiO* 

SbiOs 

SbCl, 

H,SeO, 

H,Se04 

SeO, 

SeO, 

SiO, 

SiO, 

Si04 

BaSiF. 

H,SiFs 

KjSiFfl 

H,SiFe 

BaSiFe 

H,Si0, 


A' 


9978 
4967 
6430 
5783 
2812 
1.5309 
0.7655 


1 
2 
3 
1 
1. 


1 
1 
3 
0 
1 


6244 
9677 
9360 
4255 
4255 
2.9155 
0.7003 
1.7003 
1.2250 
2.1765 

0.5036 
1.5036 
1.8858 
0.7743 
1.7743 
1.3146 
2.0162 
2.4298 
1.2625 
1.3683 


B' 


0 
0 
0 

1 


2.7649 
1.8850 
1.1997 
1.3328 
1.4002 
1.2662 
1.1109 
1.3462 


1.6315 
1.8336 
1.4040 
1.6060 


1307 
2653 
5307 
6814 
,3837 
1141 
0141 
,6380 
,2988 


0.5005 
0.4005 
0.2745 
6336 
7805 
6532 
3064 
0.6156 
0.5082 
0.2541 
2.3504 
0.7015 
0.3430 
1.4280 
0.5881 
0.8163 
0.4595 


1 
0 
0 
1 
0 
0 
0 
0 
0 
0 


9859 
6651 
5303 
2915 
5636 
7607 
4960 
4116 
7921 
7309 


0 

0 

0. 

0. 

0 

0 

0 

0 


3617 
5305 
8336 
7503 
7142 
7897 
9001 
7428 


0.6129 
0.5454 
0.7123 
0.6227 


0 
0 
0 
0 
0 
0 
0 
0 
0 


4693 
7903 
6533 
3729 
7227 
4730 
9860 
2156 
7699 


SiO, 

SiO, 

SiO, 

SiO,. 

SiO,. 

SiO,. 


Sn... 

Sn... 

Sn... 

Sn... 

Sn... 

Sn... 

SnCl, 

SnCl,. 

SnCl,. 

SnCl, 

SnCl4. 

SnCl4. 

SnO,.. 

SnO,. . 

SnO,. . 


SnO,. 


Sr... 

Sr... 

Sr..., 

SrO... 

SrS04 


Ta. 
Ta. 


Te. 
Te. 
Te. 
Te. 


ThO, 
ThO, 
ThO, 


Ti 


Tl 

Tl 

Tl 

Tl 

Tl 

Tl,Cr04 
TIHSO4 


B 


K,SiF« . 
K,SiO,. 
SiF4. . . 

SO, 

Si(0H)4 
ZnSiO,. 


A' 


B' 


3.6567  0  2735 
2.5622  0.3903 
5782 


1.7296 
0  7727 
1.5975 
2.3495 


CI, 

SnCl, 

SnCl,-2H/).. 

SnCU 

SnO 

SnO, 

CI 

HCl 

Fe,0, 

SnCl,-2H,0.. 

CI 

HCl 

SnCi, -211,6'. 

SnCU 

SnCU 

(NH4CI), 
SnO 


SrCO,. 
SrO... 
SrS04. 
SrCl,. . 
SO,. . . 


TaCU 
Ta^Oi. 


H,Te04 

H,Te042H,0 

TeO, 

TeO, 


Th 

ThCU 

Th(NO,)4 

•6H,0 


TiO, 


TlCl... 

T1,C0, 

Til... 

TlNO,. 

T1,0.. 

Tl 

Tl 


0 

1 

1 

2 

1 

1 

0 

0 

1 

1. 

0 

0 

1 


5975 
5974 
7325 
1945 
1348 
2696 
3740 
3847 
0952 
0846 
5444 
5568 
4974 
7288 

4389 
8938 


0. 
1.2942 
0.6259 
0.4256 


1 
0 
0 
?0 
0 
0 
2 
2 
0 
0 
1 
1 
0 
0 


6771 

.6261 

.5772 

4555 

.8812 

.7877 

6738 

6030 

9130 

9221 

8369 

7959 

6678 

5784 


1.6848 
1.1826 
2.0963 
1.5300 
0.4357 


1.9767 
1.2162 


1.5177 
1.8003 
1.2509 
1.3765 


0.4100 
1.1188 


0.5935 
0.8456 
0.4770 
0.6536 
2.2943 


0.5059 
0.8207 


6587 
5551 
0.7994 
0.7265 


0 
0 


0.8790  1.1379 


1.4155 
2.2226 


1.6652 


1738 
1470 
622 
1.3040 
1.0392 
0.7786 
0.67751 1 
I 


0.7065 
0.4492 


0.6005 


0 
0 
0 
O 
O 
1 


8519 
8718 
6165 
7669 
9623 
2843 
4759 


AXA'=B  and  BxB'=  A. 
*  Phenolphtbalein.  t  Methyl  Ormng^, 
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XVlll.— CONVERSION  FACTORS  (Continued) 


A 

B 

A' 

B' 

A 

B 

A' 

B' 

m 

Tl 

0.6165 
0.5000 
0.5869 
0.5738 
0.8111 
0.6520 
0.5196 
0.6178 
0.8094 

1.6222 
1.9999 
1.7038 
1.7435 
1.2329 
1.6337 
1.9244 
1.6187 
1.6187 

WO, 

WO, 

W 

PbWO* 

0.7931 
1.9610 

1.2609 

ruptcu 

Tl 

0.5099 

ruptcu..^.. 

TlCl 

UCO, 

Til 

Zn 

H,S04 

SO, 

1.5004 
1.4229 
2.0849 
1.2448 
2.3309 
1.4906 
2.1035 
0.5204 
0.8579 
1.2054 
0.9840 
1.6749 
1.5407 
1.8726 
1 . 1975 
1.9840 
3.5340 
2.3957 
2.9510 
0.4250 
0.4960 

0.6665 

TlsPtCLi 

Zn 

0.8164 

TUPtCU 

TINO, 

TW 

Tl^SO* 

Tl 

Zn 

ZnCl, 

ZnO 

ZnP,07 

ZnS 

0.4796 

TlsPtCU 

Zn 

0.8034 

Tl«PtCU 

Zn 

0.4290 

T1^04 

Zn 

0.6709 

ZnCl, 

ZnCl, 

ZnCl, 

ZnO 

ZnO 

ZnO 

ZnO 

ZnO 

ZnO 

ZnO 7. 

ZnO 

ZnS 

AkCI 

C 

0.4754 
1.9217 

UOi 

u 

0.8817 
0.8482 
0.9621 

1.7876 
0.6671 
0.7566 

1.1342 
1 . 1789 

1.0394 

0.5594 
1.4990 
1.3216 

UsOs 

u 

NaCl 

H,S04 

SO, 

1.1656 

U,Og 

UaOa 

UO, 

U0,(N0,)2 

.6H1O 
U 

0.8296 
1.0162 

TJjFsOu 

ZnCl, 

ZnCO, 

ZnP,07 

ZnS 

0.5970 
0.6490 

TJiPsOu 

UO, 

0.6340 
0.8351 
0.5040 

V204 

V 

0.6024 
0.5604 
1.2638 

1.6276 
1.7843 
0.7913 

MjlltLj 

ZnS04 

ZnS04-7H,0 

BaS04 

ZnS04-7H20 

SiO, 

SO3. 

ViOft 

V 

0.2830 

VjOs 

VO4 

0.4174 

ZnR 

0.3389 
2.3495 

YbiOs 

Yb 

0.8776 
0.7876 

1.1396 
1.2697 

«jUO.  ........ 

ZnSiO, 

ZnS04 

YjOa 

Y 

2.0162 

w 

PbW04 

W 

3.4477 
0.8519 

0.2900 
1 . 1739 

ZrO, 

Zr 

0.7390 

1.3532 

WO, 

***< 

AxA'=BandBxB'  =  A. 

Note. — The  editor  will  welcome  additional  factors  not  appearing  in  these  tables. 
A  number  of  factors  appearing  in  this  list  were  taken  from  Van  Nostrand's  Chemical 
Annual.    Olsen.     1913. 

Examjle  of  Method  for  Using  Factors.  Suppose  the  product  weighed  is  0.8636 
g'am  AgCl  and  the  eqmvalent  weight  of  CI  is  desired:  himt  up  the  factors  AgCl-Cl. 
This  may  be  found  on  the  first  page  of  the  conversion  factors,  a  little  below  the  middle 
of  the  page.  Using  the  formula  AXA'=Bf  and  substituting  the  values  for  A  (weight 
of  AgCl)  and  A'  (factor)  we  have  0.8535X0.2474=0.21124  gram  CI.  If  on  the 
other  hajid.  the  weight  of  CI  were  known  to  be,  say,  0.2501  gram  and  the  weight  of 
the  equivalent  AgCl  were  desired,  we  would  use  the  formula  BxB'  —  A  and,  sub- 
stituting the  values  for  B  and  B\  we  would  have  0.2501  X4.0423  « 1.01098  gram  AgCl. 
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XIX.— COMPARISON  OF  CENTIGRADE  AND  FAHRENHEIT  SCI 


«c. 

-100 

-0 

+0 

+  100  +200  +300 

+400  +500  +60(. 

+700 

+800  +9a 

"i'. 

h\ 

h\ 

F. 

F. 

F. 

P. 

F. 

F. 

l\ 

i\ 

P. 

0 

-148 

-h  32 

32 

+212 

392 

572 

752 

932 

1112 

1292 

1472 

16&: 

5 

-157 

-f  23 

41 

221 

401 

581 

761 

941 

1121 

1301 

1481 

1661 

10 

-166 

+  14 

50 

230 

410 

590 

770 

950 

1130 

1310 

14901  167C 

15 

-175 

+  6 

59 

239 

419 

599 

779 

959 

1139 

1319 

1499 

167S 

20 

-184 

-  4 

68 

248 

428 

608 

788 

968 

1148 

1328 

1508 

168^ 

25 

-193 

-  13 

mtmm 

257 

437 

617 

797 

977 

1157 

1337 

1517 

1697 

30 

-202 

-  22 

86 

266 

446 

626 

806 

986 

1166 

1346 

1526 

1706 

35 

-211 

-  31 

95 

275 

455 

635 

815 

995 

1175 

1355 

1535 

1715 

40 

-220 

-  40 

104 

284 

464 

644 

824 

1004 

1184 

1364 

1544 

1724 

45 

-229 

-  49 

113 

293 

473 

653 

833 

1013 

1193 

1373 

1553 

1733 

50 

-238 

-  58 

122 

302 

482 

662 

842 

1022 

1202 

1382 

1562 

1742 

55 

-247 

-  67 

131 

311 

491 

671 

851 

1031 

1211 

1391 

1571 

1751 

60 

-256 

-  76 

140 

320 

500 

680 

860 

1040 

1220 

1400 

1580 

1760 

65 

-265 

-  85 

149 

329 

509 

689 

869 

1049 

1229 

1409 

1589 

1769 

70 

-274 

-  94 

158 

338 

518 

698 

878 

1058 

1238 

1418 

1598 

1778 

75 

-283 

-103 

167 

347 

527 

707 

887 

1067 

1247 

1427 

1607  1787 
1616  1796 

80 

-292 

-112 

176 

356 

536 

716 

896 

1076 

1256 

1436 

85 

-301 

-121 

185 

365 

545 

725 

905 

1085 

1265 

1445 

1625 

\fm 

90 

-310 

-130 

194 

374 

554 

734 

914 

1094 

1274 

1454 

1634 

1814 

95 

-319 

-139 

203 

383 

563 

743 

923 

1103 

1283 

1463 

1643 

1823 

100 

-328 

-148 

+212 

392 

572 

752 

932 

1112 

1292 

1472 

1652 

1832 

^'C. 

-200 

-100 

+  100 

+200 

+300 

+400 

+500 

+600 

1 
+700  +800  +900 

+100C 

c° 

F° 


1100 
2012 


1200 
2192 


1300 
2372 


1400 
2552 


1500 
2732 


1600 
2912 


1700 
3092 


1800 
3272 


1900 
3452 


2f 
3« 


Degrees  C.  X  1  .S+32  =  Degrees  F. 


Degrees  F. -32-^1.8=  Degrees 


Absolute  zero,  -273**  C.  =  -459°  F. 


Comparison  of  Centigrade  and  Fahrenheit  Scale  for  Evert  1**  C.  froi 

0°  TO  100**  C. 


C. 

0 

10 

20 

30 

40 

50 

60 

70 

1 

80 

90 

F. 

F. 

F. 

F. 

F. 

F. 

F. 

F. 

F. 

F. 

0 

32 

.50 

C^H 

86 

104 

122 

140 

158 

176 

194 

1 

33 . 8 

51.8 

()9 . 8 

87.8 

105.8 

123.8 

141.8 

159.8 

177  8 

ia5  S 

•> 

35 . 0 

.W .  0 

71.(5 

89.6 

107.6 

125.6 

143 . 6 

161.6 

179.6 

197.6 

3 

37 . 4 

oo .  4 

73 . 4 

91.4 

109.4 

127.4 

145.4 

163.4 

181.4 

199  4 

4 

39  2 

r,7  2 

75 . 2 

93 . 2 

111.2 

1*29. 2 

147.2 

165.2 

18:5.2 

201  2 

5 

41.0 

51) 

77 

95 

113 

131 

149 

167 

185 

'2m 

(i 

•12.8 

60.8 

78.8 

96.8 

114.8 

132.8 

150.8 

168.8 

186.8 

•21MS 

7 

44.  () 

()2 .  () 

80.  (i 

98 . 6 

U6.6 

134.6 

152.6 

170.6 

188.6 

'206.6 

8 

4() .  4 

VyiA 

82 . 4 

100.4 

118.4 

136.4 

15'1.4 

172.4 

UK).  4 

•20S.4 

9 

48.2 
9 

m .  2 

84.2 

102.2 

120.2 

i;j8.2 

156.2 

174.2 

192.2 

210  2 

C. 

19 

29 

39 

49 

59 

69 

79 

89 

99 

100'*C.=212*»P. 
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XX.— RELATION  OF  BAUME  DEGREES  TO  SPECIFIC  GRAVITY  AND  THE 
WEIGHT  OF  ONE  UNITED  STATES  GALLON  AT  60°  F. 


• 

a  • 

• 

0  • 

• 

a  • 

• 

a  • 

■•» 

—  a 

••» 

—  a 

•^A 

•S  a 

.*» 

•-  a 

• 

1 

11 

m  o 

1 

IS 

II 

1 

B  o 
C  c8 

i 

-s'S 

m  0 

•3=3 

1 

%p 

§« 

9 
c8 

|o 

§« 

3 
CS 

IP 

g^ 

3 

es 

|o 

§^ 

A 

00     • 

(U 

31 

QQ 

Oi 

QQ 

52 

CO 

&< 

PQ 

73 

OQ 

(u 

10 

1.0000 

8.33 

0.8695 

7.24 

0.7692 

6.41 

0.6896 

5.75 

11 

0.9929 

8.27 

32 

0.8641 

7.20 

53 

0.7650 

6.37 

74 

0.6863 

5.52 

12 

0.9859 

8.21 

33 

0.8588 

7.15 

54 

0.7608 

6.34 

75 

0.6829 

5.69 

13 

0.9790 

8.16 

34 

0.8536 

7.11 

55 

0.7567 

6.30 

76 

0.6796 

5.66 

14 

0.9722 

8.10 

35 

0.8484 

7.07 

56 

0 . 7526 

6.27 

77 

0.6763 

5.63 

15 

0.9655 

8.04 

36 

0.8433 

7.03 

57 

0 . 7486 

6.24 

78 

0.6730 

5.60 

16 

0.9589 

7.99 

37 

0.8383 

6.98 

58 

0.7446 

6.20 

79 

0.6698 

5.58 

17 

0.9523 

7.93 

38 

0.8333 

6.94 

59 

0 . 7407 

6.17 

80 

0.6666 

5.55 

18 

0.9459 

7. 88 

39 

0.8284 

6.90 

60 

0.7368 

6.14 

81 

0.6635 

5.52 

19 

0.9395 

7.83 

40 

0.8235 

6.86 

61 

0.7329 

6.11 

82 

0.6604 

5.50 

20 

0.9333 

7.78 

41 

0.8187 

6.82 

62 

0.7290 

6.07 

83 

0.6573 

5.48 

21 

0.9271 

7.72 

42 

0.8139 

6.78 

63 

0.7253 

6.04 

84 

0.6542 

5.45 

22 

0.9210 

7.67 

43 

0.8092 

6.74 

64 

0.7216 

6.01 

85 

0.6511 

5.42 

23 

0.9150 

7.62 

44 

0.8045 

6.70 

65 

0.7179 

5.98 

86 

0.6481 

5.40 

24 

0.9090 

7.57 

45 

0.8000 

6.66 

66 

0.7142 

5.95 

87 

0.6451 

5.38 

25 

0.9032 

7.53 

46 

0.7954 

6.63 

67 

0.7106 

5.92 

88 

0.6422 

5.36 

26 

0.8974 

7.48 

47 

0.7909 

6.59 

68 

0 . 7070 

5.89 

89 

0.6392 

5.33 

27 

0.8917 

7.43 

48 

0.7865 

6.55 

69 

0 . 7035 

5.86 

90 

0.6363 

5.30 

28 

0.8860 

7.38 

49 

0.7821 

6.52 

70 

0.7000 

5.83 

95 

0.6222 

5.18 

29 

0.8805 

7.34 

50 

0.7777 

6.48 

71 

0.6965 

5.80 

•   • 

•   •  • 

30 

0.8750 

7.29 

51 

0.7734 

6.44 

72 

0.6930 

5.78 

•   • 

•  •  • 

VOLUMETRIC  FACTORS 

1  cc.  N/2  HC1=. 018185  gram  HCl. 

1  cc.  N/10HC1=. 003637  gram  HCl. 

1  cc.  N/2  KOH=.028  gram  KOH. 

1  cc.  N/6  KOH=.047  gram  oleic  acid=. 008133  gram  H,S04. 

1  cc.  N/10  KOH=.0056  gram  KOH. 

1  cc.  KaCraOr  3.8633  gram  per  liter=  .0038633  gram  K2Cr2O7=.010  gram  I. 

1  cc.  N/10  Na2&O,+5H2O=.0248  gram  NajS,03-h5H20=. 01265  gram  I. 
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XXI.— COMPARISON  OF  METRIC  AND  CUSTOMARY  UNITS  (U.  8.). 


1  millimeter,  mm. 
1  centimeter,  cm. 
1  meter,  m. 
1  meter 
I  kilometer 


Length 

0.03937  inch.  1  inch 

0.39371  inch.  1  inch 

3.28083  feet.  1  f oot 

a  .09361  yards.  1  yard 

=0.62137  (U.  S.)  mUe.  1  mUe 


25.4001      millimeters. 
■'  2.54001    centimeters. 
■'  0.304801  meter. 
■'  0.914402  meter. 
1.60935    kilometers. 


1  square  millimeter,  sq.mm. 
1  square  centimeter,  sq.cm. 
1  square  meter,  sq.m. 
1  square  meter 
1  square  kilometers 
1  hectare 


Areas 

0.00155  sq.in. 
0.1550  sq.m. 
10.764    sq.ft. 
1.196  sq.yd. 
0.3861  sq.mi. 
2.471  acres. 


1  sq.in.  =645.16  8q.nmi. 
1  sq.in.  =     6.452  sq.cm. 
1  sq.ft.  =     0.0929  sqjn. 
1  sq.yd.  =     0.8361  sq.m. 
1  sq.mi.  =     2.5900  sq.km. 
1  acre    =     0.4047  hectare. 


1  cubic  millimeter,  cu.mm. 
1  cubic  centimeter,  cc. 
1  cubic  meter 

1  cubic  meter 


Volumes 

0.000061  in. 
>  0.06103  cu.in. 
'35.314      cu.ft. 
=61,028  cu.ins. 
'  1.3079  cu.yd. 


1  cu.in.  =  16,387.2  cu.mm. 
1  cu.in.  =  16.3872  cc. 
1  cu.ft.  =  0.02832  cujn. 

=28.32  liters. 
1  cu.yd.  =  0.7645  cu.m. 


Capacities 


1  cubic  centimeter,  cc 
1  cubic  centimeter 


0.03381  (U.S.)  liquid  ounce. 
0.2705  (U.  S.)  aiwthecaries' 

dram. 
1  cubic  centimeter        =0.8115  (U.  S.)  apothecaries' 

Rcniple. 
^1.05668  (U.  S.)  liquid  quarts. 
'0.26417  (U.  S.)  gallon. 
:0.11351  (U.S.)  peck. 
« 2.83774  (U.  S.)  bushels. 


1  liter 
1  liter 
1  liter 
1  hectoliter 


1  ounce   =29.574  cc. 

1  dram    =3.6967  cc. 

1  scruple  =  1.2322  cc. 
1  quart    =0.94636  liter. 
1  gallon  =3.78543  liters. 
1  peck     =8.80982  liters. 
1  bushel  =0.35239  hectoliter. 


1  gram 
1  gram 
1  gram 
1  kilogram 
1  kilogram 


Masses 


15.4324  grains. 
0.03527  avoirdupois  ounce. 
0.03215  troy  ounce. 
2.20462  pounds  (av.) 
2.67923  pounds  (troy). 


1  grain 
1  ounce  (av.) 
1  ounce  (troy) 
1  poimd  (av.) 
1  pound  (troy) 


0.06480  gram. 
'28.3495  grams. 
31.10348  grams. 

0.45359  kilogram. 

0.37324  kUogram. 


Table  of  Equivalents,  U.  S.  Bureau  of  Standards.    For  British  Imperial  Weights 
and  Measures  see  Van  Nostrand's  Chemical  Annual. 


Avoirdupois  Weight 

The  system  of  weights  in  ordinary  use  by  which  common  or  heavy  articles 
are  weighed. 

16  drams     =  1  oimce  =  28.35   grams. 

16  ounces    =1  pound  =453.59    grams. 

25  pounds  =1  quarter  =  11.34    kilograms. 

4  quarters  =  1  hundred  weight  =  45.359  kilograms. 
1  avoirdupois  pound  contains  7000  grains. 
1  avoirdupois  ounce  contains  437.5  grains. 
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Apothecaries'  Weight 

The  system  of  weights  employed  in  weighing  medicines. 

1  groin  =     0.0648  gram. 

20  grains     —1  scruple  =     1.296  grams. 

3  scruples  =  1  drachm  =     3.888  grams. 

8  drachms  =  1  ounce    =  31.103  grams. 

12  ounces    =1  pound   =373.236  grams. 

1  apothecaries'  (or  troy)  poimd  contains  5760  grains. 

1  apothecaries'  (or  troy)  ounce  contains  480  grains. 

Fluid  Measure 

1  minim  =       .06161  cubic  centimeter. 

60  minims  =  1  fluid  drachm  =     3.696      cubic  centimeters. 

8  fluid  drachms  =  1  fluid  ounce    =  29.573      cubic  centimeters. 
16  fluid  ounces    =lpint  =473.179      cubic  centimeters. 

8  pints  =  1  gallon  =     3.785      liters. 

1  gallon  contains  231  cubic  inches. 

The  minim,  fluid  drachm,  fluid  ounce  and  pint  are  the  fluid  measures  employed 
by  apothecaries. 
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XXII.— A  TABLE  OF  CONSTANTS 

THE  VSITBD  CAS 

All  Volumea  of  Qaaea  and  Vapora  are  given  at  60*  F.  and  SO''  pramare. 


I. 


NAmor 

OASOB 
▼AFOa. 


Carbon  to  CO 
Carbon  to  COt 
Carbonle  Ox.. 
Hydrogen .  . . 
Metbane .... 

Ethane 

Proimne 

Butane 

Pentane 

Hexane 

Ethylene .... 
Propylene . . . 

Butylene 

Amylene .... 
Acetylene . . . 

Allylene 

C^rotonylene . 

Beniene 

Toluene 

Xylene 

Meeltylene.. . 
Naphthalene. 
Hydrogen  8ul. 

Ammonia 

Hydrocy.  acid. 
Cyanogen .... 
C^arbon  Bl-Sul, 

Methyl  Ale 

Ethyl  Alcohol 
(^arbonlo  Acid. 

Water 

Hulphur  Diox . 

Oxygen 

Nitrogen 

Air 


II. 


■TIIBOL  OS 
rOBMUlJi. 


HI.     IV. 


^ «  e  s\"'* 


M 


O 


12 
12 

28 
1 

1« 
30 
44 
58 
72 
86 
28 
42 
56 
70 
26 
40 
54 
78 
92 
106 
120 
128 
34 
17 
27 
52 
76 
32 
46 
44 
18 
64 
16 
14 


J? 

**  So 
O  «h 


8202 

8292 
9671 
0692 
5529 
0368 
5206 
0045 
4883 
9721 
9676 
4514 
9353 
4191 
8084 
3823 
8661 
6953 
1792 
6630 
1468 
4230 
1769 
0.5888 
0  9348 
8000 
6298 
1121 
5894 
5195 
6217 
2128 
1052 
9701 
0000 


V. 

VI. 

VII. 

« 

• 

3 

a 

•• 

a 
3     6 

-iSo 

a 

^11 

V 

d.«* 

iSfc 

n 

OQ 

6 '2450 

3  0490 

0  5929 

-  13* 

+  S3» 



-f  100- 

0  6273 

■       .   .  .   ■ 

+  156- 

0  6640 

6  4046 

+  23* 

+  102"» 

6.65ii 

'  +  64' 

+  177- 

6  8K46 

6  3754 

+  230* 

0  8720 

+287* 

0.8692 

+  326* 

•  ■<«•• 

+  424  4" 

•  ••••• 

1.1517 

0  2423 
0.50i53 

+  li4!8"» 



+  131.2' 

6  8027 

+  172.9* 

0  7946 

i  4534 
0  2163 

+  212* 

1.0000 

0  4805 
0  1553 
0  2174 
0  2438 
0.2374 

VIII. 


IX. 


I- 

o  3 

|£ 


15.749 

15  749 

13  503 

188.620 

23.626 

12  594 

8.587 

6.514 

6.248 

4.3931 

13.495 

8.997 

$.747 

5  398 


6 
4 
4. 


14  534 

9.447 

998 

.845 

107 

3.565 

3.149 

2.952 

11  096 

22.178 

13.968 


7. 
4 
11 
8 


.258 
.965 
742 
216 
8.593 
21.004 
5.901 
11.816 
13.460 
13  059 


si 

^  P 
St 


.06350 
.06350 
.07407 
.00530 
.04234 
.07940 
.11645 
.15350 
.19055 
.22760 
.07410 
.11115 
.14820 
.18525 
.06880 
.10585 
.14290 
.20640 
.24345 
.28050 
.31755 
.33870 
.09012 
.04509 
.07159 
.13n9 
.20139 
.08516 
.12172 
.11637 
.04761 
.10945 
.08463 
.07429 
.07658 


XI.        XIL 


I   Heat  of  CombusUoa. 


^  Rrltiali 

^  ThcnnaJ 

^  ^  ,        I'nlu. 

6.36 


29.000 
96.960 
67.960 
68.360 
211.930 
370.440 
529.210 
687.190 
847.110 
999.200 
333.350 
492.740 
650.620 
807.630 
310.050 
467.550 


* 

P-w 

'        S 

C^. 

1    ^^ 

Ft. 

c 

276.2 

4J» 

923  5 

14.544 

323.5 

4.3*8 

326.2 

61.5a 

1000  0 

23J» 

1764  4 

23  91 

2521  0 

2U65I 

3274  0 

21.331 

4035  6 

21,177 

4759  a 

2a9M 

1588  0 

21.430 

2347  2 

21.120 

3099.2 

2a9U 

3847  2 

3Q.7S7 

1476  7 

21.465 

2227  1 

21.040 

3807  5 

18.447 

955.680 

4552  0 

1.282.310 

6108  0 

140.900 

672"? 

90.560 

432^ 

158.620 

757.0 

259,620 

1238.2 

265.130 

1264  6 

182.230 

872.9 

340.530  1622  0 


18.09 

19^3$ 

7.549 

\0,57i 

8.9M 

«l2T» 

ia250 

1X32S 


AUTHORITIES  AND  METF 

In  Column  IX.  the  figures  given  In  Ilempel's  "  Gaa  Analysis."  p.  375.  were  selected  for  the  fundamental  weight 
of  Oxygen.  Nitrogen.  Hydrogen.  Carbonic  Oxide  and  Air. 

The  formula  used  for  the  conversion  to  English  units.  Is — grams  per  liter  at  Q"  C.  and  760  mm.  X  .05022 
-  pounds  per  cu.ft.  at  60*  F.  and  30'^  pressure.    The  derivation  of  the  factor  employed  Is 


.05922 


28.3 1 6  X  .0022046  X  30.00  X  492 


20.92  X  520 

The  weights  of  the  compound  gaavs  are  calculated  from  these  data  by  Avogadro's  law. 

wt.  1  cu.  ft.  gas 


Column  IV.  Is  calculated  by  the  formula:  sp.gr- 


wt.  1  cuJt.  air 


.  and  the  figures  tbua  obtained  agree  wttli 


tbe  theoretical  formula:  sp.gr.  •» 


mol.  wt. 
"28.94" 
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CR  CERTAIN  GASES  AND  VAPORS 

ttPKOVBMBHT  COMPANY 


TlwT 

""Combu. 

on  11  red 

«dtol8'C.-M.4-F. 

H"'!"!""!""- 

xvmjxix.    «.    x.^,]     xxn. 

«,„.  |XX,V.J   XXV, 

XXV,. 

cu  Fi  wr  fu  Ft  ol 

„„»„„„.. 

Ilsl  or  Fonultan 

tun-f. 

foautwot 

~f 

™™.,c™»,„.. 

-t-Vi.w 
+a8.SM 
+u,iio 

-H3.4SO 
+47.8W 

+3:mo 

+10,  mo 

-«7;770 

-lisio 
-s,s»o 

■'+490 

■+'4.7« 
+  ll,«)0 

B.t.u. 

Hiiiior 

Is 
II 

R7I0 

!g 

1:1 

11 

(wy- 
0 

's 

0 

°l 

.0 

.0 

is 
:! 

H 

10 
3.0 

.. 

■CD. 

c 

i 

.U3 

.too 

.48 

1 

OSK 
0M> 

1  30( 

d:S4I 

o'eb; 

l.M 
D.133 

+i3s!4 

:|J 

■M7. 

+»:: 

-i8»:8 

+i«;7 
+!:i 
+»: 

'-S 

t| 

+M7. 

PCT 

POUDd. 

+uu!b 

lis 

+UDs! 
+1178.; 

+  I3§:i 
+343. 

-1300. 

■■+t;3 

+3i6"B 
+  !!*».( 

+38*4.0 

+ng«.o 

+»7». 
+MT0.4 
+  IM«. 

co-i.o 

N-OS 
N-O.I 

1  -Ml 
1 

1 

'«< 

.STI 

.733 
1(36 

'.tM 
AK 
.K» 
.429 
.4H 

.!00 

i.\X 
,1TO 

:412 

1  UI3 
1  900 

l.OST 

1.871* 

5  033 
.000 

ost 

.0«B 

1 

:wo 

last 

1 
fl 

CO-I.3M+ 

N-O.Sl« 

9o.-i:aM 

CBTtwn  lo  CO 

:;ui»nicOi. 

Hiuw 

EttaylHM 
To»yl«M 

AmykDt 

Antyim 

CulKmBI-BBL 
MMhyl  Ale. 
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Absorption  bulbs: 
carbon   dioxide,    F'leming,    Geissler,    Ger- 

hardt,  Liebig,  Vanier,  95,  98 
gas  analysis,  Friedrich,  Hanjkus,  Nowicki- 

Heinz,   Varrentrapp,  Winkler,  Wolff, 

693 
Absorption  spectrum,  carbon  monoxide  in 

air,  730 
Accuracy  in  methods  of  gas  analysis,  707 
Accuracy,  limit  of,  in  alloy  analysis,  659 
Acetate  extraction  of  lead,  235,  241 
Acetic  acid,  complete  analysis  of  acetone, 
formic    acid,    furfurol,     hydrochloric 
acid,  metals,  sulphuric  acid,  sulphur- 
ous acid,  527-52Q 
determination  in  corroded  white  lead,  626 
method  for  nitrite,  292 
Acetyl  value  for  oils,  591 
Acetylene  ffame,  temperature  of,  780 
Acid  extraction  of  rare  earth  ores,  1 14 
extraction  of  silicates,  369 
reagent  for  calcium  carbonate  in  cement, 
656 
Acidimetric   and   alkalimetric   methods   for 
metabisulphitcs,    sulphites,    sulphurous 
acid,  411 
Add  number,  Chinese  wood  oil  (Tung  oil), 

613 
general  tests.    See  Oils. 

varnish,  618 

Adds,  chapter  on,  499 

analysis  of  acetic.     See  subject  above,  527 

citric  acid,  530 

hydrochloric,    determination    of    total 

acidity,    arsenic,    barium   chloride, 

chlorine,  nitric  acid,  sulphuric  acid, 

silica,  total  solids,  509,  510 

hydrofluoric,  determination  of  acidity, 

hydrofluosalicic  acid,  sulphuric  acid, 

sulphurous  acid,  510-512 

nitric,   determination   of,   acidity,    free 

chlorine,  hydrochloric  acid,  iodine, 

nitric  and  nitrous  acids,  non-volatile 

solids,  sulphuric  acid,  512,  515 

procedure  for  determining,  in  arsenic 

acid,  ferrous  sulphate  method,  519 

in  oleum  and  mixed  acids,  518 

in  phosphoric  acid,  519 

in  sulphuric  acid,  517 


Acids,  analysis  of  nitrous,  permanganate 
titration  of,  520 
oleum  and  mixed  acids,  complete  anal- 
ysis, determination  of  total  acidity, 
lower  oxides,  nitric  acid,  sulphuric  acid 
and  free  SOa,  calculations,  table,  522- 
526 
arsenic  in  acids,  43 

formulae  for  diluting  or  strengtheningof,S25 
free  acids  in  aluminum  salts,  estimation  of, 
12 
in  aluminum  salts,  test  for,  13 
in  presence  of  iron  salts,  estimation  of, 

530  .      .        , 

indicators  for  determination  of,  499 

number  in  oil  analysis.     See  Oils, 
standards,  preparation  of  benzoic,  hydro- 
chloric, sulphuric,  501-504 
test  for  in  animal  and  vegetable  oils,  596 
in  burning  oils,  571 
in  Chinese  wood  oil,  613  • 
in  varnish,  618 
titration  of,  505,  508 
tungstic,  solution  of,  449 
weighing  dilute  acids,  506 
strong  acids,   Blay-Burkhard    burette, 
bulb   tube,   Deli  tube,  Lunge-Ray 
pif>ette,  snake  tube,  506-508 
Acker  process  for  determination  of  tin,  425 
Adolph's  apparatus  for  fluorine  determina- 
tion, 182 
modification    of   Offerman's   method    for 
fluorine,  182 
Ahlum's  method  for  free  acids  in  presence 

of  iron  salts,  530 
Air,  comix)sition  of,  292 
examination  of.     See  Gas  .Vnalysis,  728 
oxygen  in,  hydrogen  combustion  method, 

703 
phosphorus  method,  702 

pyrogallate  method,  703 
pound  per  cubic  foot  of  coal  burned,  cal- 
culation of,  710 
Albuminoid  ammonia,  determination  of,  in 

water,  537 
Alexander's  volumetric   method   for  deter- 
mining lead,  239 
Alizarine  S  for  detection  and  determination 
of  aluminum,  14 
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Alkali  arsenates,  arsenic  determination  in,  31 
standard  for  acidimetry  and  alkalimetry, 

501-504 
Alkalies,  chapter  on,  341 
detection  of  caesium,  lithium,  potassium, 

rubidium,  sodium,  341-342 
estimation  in  alunite,  356 
in  Portland  cement,  652 
in  silicates,  hydrofluoric  acid  method,  356 

J.  Lawrence  Smith  method,  355 
volumetric  methods,  357 
physical  properties,  341 
preparation  of  the  sample,  fertilizers,  343 
plants,  ashes  of,  344 
rocks  and  insoluble  mineral  products,  343 
saline  residues,  soluble  salts,- brines,  344 
soils,  343 
potassium  and  sodium.     See  subjects, 
reagent  {  normal  for  calcium  carbonate  in 

cement,  656 
separation  from  aluminum,  chromium,  iron, 
phosphoric  acid,  titanium,  uranium, 

345 
from  barium,  calcium,  strontium,  sul- 
phuric acid,  345 
from  above  elements  in  one  operation, 

Hick's  method,  346 
from  each  other  (members  of  the  group), 

347 
from  the  hydrogen  sulphide  group  and 

silica,  344 
from  magnesium,  by  means  of  aimnoni- 
um   phosphate,   barium  hydroxide 
or  mercuric  oxide  methods,  344 
test  for  iridium,  330 
for  palladium,  332 
Alkalimeter,  Mohr's,  106 

Schroetter's,  106 
Alkalimetric  method  for  determining  phos- 
phorus, 316 
for  determining  strontium,  389 
Alkaline  earths.     Sec  Barium. 

separation  from  one  another,  54 
Alkalinity  determination  in  water,  552 
Allen,  moditication  of  Devarda's  method  for 

nitrates,  300 
Allen   and    Bishop   method   for   sulphur   in 

pyrites  and  sulphur  ores,  396 
Allen  and  Palmer  modification  of  Gutzeit's 

method  for  arsenic,  40 
Alloys,  decomposition  of,  63,  85,  141,  150, 
I53»  234, 659, 661 , 664,  666,  667,  669, 670 
detection  of  gold  in,  192 
general,  alloys  with: 
antimony,  20,  21 
iridium,  337 
iron-titanium,  259 
lead,  21,  234 
•anganese,  258 
>lybdenum,  259 
Jtel,  285,  290 
xiium,  337 


Alloys,  general,  silicon,  259 
tin,  21 

titanium,  434 

tungsten,  259,  448,  450,  451 
vanadium,  259 
^)ecial  allo>'s,  anal>^is  of: 
bearing   metal,    determination   of  bis- 
muth, 63 
brass  and  bronze,  determination  <^: 
arsenic,  antimony,  copper,  lead,  iron, 

zinc,  667-668 
vanadium  in,  476 
Britannia   metal,  determining  arsenic, 
antimony,   bismuth,   copper,  lead, 
iron,  manganese,  tin,  666-667 
German  silver,  determining  iron,  nickd, 

zinc,  etc.,  669 
manganese,  phosphorus   bronze — deter- 
mining  cc^per,    lead,    iron,   man- 
ganese, phosphorus,  zinc,  670 
Rose's  metal,  determining  copper,  bis- 
muth, lead,  663 
soft  solder,  determining  arsenic,  anti- 
mony, iron,  lead,  tin,  zinc,  661-663 
Wood's  metal,  determining  arsenic,  an- 
timony, bismuth,  cadmium,  copper, 
iron,  lead,  tin,  zinc,  664-665 
Alpha  benzildioxime  method  for  detennining 
nickel,  286 
test  for  nickel,  273 
Alumina  in  nitrate  of  soda,  304 

in  phosphate,  together  with  iron,  320 
in  Prussian  blue,  633 
in  ultramarine  blue,  638 
in  sand,  374 
in  silicate  of  soda,  373 
in  titaniferous  ores,  446 
in  water,  547 
basic,  determination  of,  in  aluminum  salts, 

and  iron  oxide  in  composite  white  paint, 

in  green  paint  pigments,  640 
in  metallic  lead,  252 
in  Portland  cement,  650 
together  in  phosphate  rock,  320 
Alumina  ores,  arsenic  determination  in,  44 
Aluminum,  detection  of,  3,  14 
estimation,  general  procedures: 

graN-imetric,  by  hydrolysis  vdlh  ammo- 
nium hydroxide,  7 
by  hydrolysis  with  sodium  thiosol- 

phate,  9 
by  precipitation  as  aluminum  chloride, 
10 
as  phosphate,  9 
volumetric,  determination  of  combioed 
alumina,  11 
free  alumina  or  free  acid,  12 
special  procedures: 
anal^^-sis  of  metallic  for  silicon  isd 
iron,  16, 17 
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Aluminum,  estimation,  in  iron  and  steel,  i6 
in  presence  of  iron,  phenylhydrazine 
method,  446 
impurities  in  metallic  aluminum,  16 
industrial  application,  3 
occurrence,  minerals  and  ores,  3 
preparation  and  solution  of  the  sample, 

extraction  of  ores  for  commercial  valu- 
ation, 4 
metallic  aluminum  and  its  alloys,  5 
properties,  3 

aluminum  phosphate,  10 
separation  from  glucinum,   iron,  manga- 
nese,  nickel,   phosphoric  acid,  silica, 
titanium,  uramum,  zinc,  5,  6 
from  chromium,  134,  135 
from  glucinum,  190 
solubilities,  metal  and  its  oxide,  3 
traces,  detection  and  estimation  of  with 
alizarine  S,  14 
Aluminum  Company  of  America,  method  for 

aluminum,  16 
Alunite,  alkalies  in,  356 
American  Vanadium  Company,  methods  of 

analysis,  474-476 
Amino-nitrosophcnyl-hydroxylamine  method 

for  iron,  214 
Ammonia,  albuminoid,  in  water,  estimation 

of,  537 
free  in  water,  estimation  of,  536,  555 
gravimetric   method    for,  determining  as 

platino-chloride,  296 
volumetric  method,  297 
total,  in  ammoniacal  liquor,  297 
volatile,  in  ammoniacal  liquor,  297 
traces,  determination  of,  in  gas,  717 
Ammonium  chloride,  fusion  with  perchlorate 
(note),  128 
test  for  iridium,  330 
test  for  palladium,  333 
test  for  platinum,  324 
test  for  vanadium,  463 
hydroxide  method  for  determining  traces 
of  copper,  167 
test  for  iron,  210 
test  for  palladium,  332 
test  for  rhodium,  336 
iridium  chloride,  determination  of  iridium 

as,  331 
magnesium  phosphate,  acid  titration  of, 256 

properties  of,  256 
nitrate   washing   solution   for   aluminum 

hydroxide,  8 
oxalate    reagent    for    oxygen    consumed, 

water  analysis,  541 
phospho  molybdate  method  for  phosphor- 
us, 314 
phosphate  method  for  separating  magne- 
sium from  alkalies,  347 
platinochloride    method    for   determining 
ammonia,  296 


Ammonium  salts,  effect  on  magnesium  pre- 
cipitation, 255 
effect  on  sulphur  determinations,  395 
determination  of  ammonia  in,  295 
mixtures,  ammonia  in,  297 
sulphide  group,  separation  of,  142,  254, 344 
sulphide  method  for  mercury,  272 
test  for  ruthenium,  334 
test  for  vanadium,  463 
sulphocyanate  test  for  cobalt,  140 
test  for  iron,  210 
Andrew's  method  for  silver,  384 
Andrew-Burgarszk's  method  for  analysis  of 

crude  bromide  and  bromine,  82 
Anemometer,  692 
Animal  and  vegetable  oils,  analysis  of,  580 

test  for,  590 
Antifluoresccnce,  tests  for,  591 
Antimonous  and  antimonic  salts,  distinction 

between,  18 
Antimony,  detection  of,  by  hydrogen  sulphide 
test,  hydroxysis,  in  minerals,  traces,  18 
estimation,  general  procedures: 
gravimetric,    electrolytic    as    metallic 
antimony,  24 
as  trisulphide,  Sb2S3 
volumetric,  bromate  method,  26 
indirect  evolution  method,  28 
iodide  method,  26 
oxidation  with  iodine,  27 
permanganate  method,  28 
special  procedures: 
determination  in  alloys,  in  brass  and 
bronze,  668 
in  Britannia  metal,  667 
in  copper,  1 70 
in  hard  lead,  25 
in  metallic  lead,  250 
in  Rose's  metal,  664 
in  soft  solder,  23,  662 
in  tin  and  lead  alloys,  23 
in  type  metal,  661 
in  Wood's  metal,  664 
in  presence  of  vanadium,  472 
industrial  application  of  analysis,  18 
occurrence,  minerals,  ores,  and  alloys,  i8 
preparation  and  solution  of  the  sample: 
alloys  of  antimony,  tin,  and  lead,  hard 
lead,  low-grade  oxides,  mattes,  slags, 
speisses,  sulphides,  rubber  materials, 
19-21 
properties,  antimony  trisulphide,  24 
separation  from  members  of  the  subsequent 
groups,  aluminum,  chromium,  cobalt, 
iron,  manganese,  nickel,  zinc,  alkaline 
earths  and  alkalies,  21 
from  bismuth,  cadmium,  copper,  lead 

and  mcrcur\',  21 
from  arsenic,  antimony  and  tin,  22-23 
from  tin  in  alloys,  660,  667 
solubility  of  the  element  and  its  oxides,  19 
traces,  determination  of,  28 


830 


INDEX 


Antwerp  blue,  analysis  of ,638 
Apparatus  for  cement  testing,  649 
Arc,  electric,  temperature  of,  780 
Argon  in  the  atmosphere,  292 
Arsenates,  alkali,  31 

Arsenates,  distinction  from  arsenites,  30 
Arsenic,  detection  of,  by  Gutzeit  test,  by 
hydrogen  sulphide,  volatility  test,  30 
estimation,  general  procedures: 
gra\imetric,    determination   as   arsenic 
trisulphide,  AsjSj,  36 
determination   as   magnesium    pyro- 
arsenate,  37 
volumetric,  oxidation  with  iodine,  Mohr's 
method,  39 
silver  arsenate  method,  40 
special  procedures: 
determination   in    alloys,   brass  and 
bronze,  668 
in  Britannia  metal,  667 
in  Rosens  metal,  664 
in  soft  solder,  662 
in  t>'pe  metal,  661 
in  Wood's  metal,  664 
determination  in  brimstone,  415 
in  copper,  1 70 
in  hydrochloric  acid,  510 
in  metallic  lead,  250 
in  presence  of  vanadium,  473 
impurities  in  "arsenic  acid,'*  determina- 
tion of  moisture,  antimony,  arsenic, 
calcium,   cobalt,   copper,   iron,   lead, 
nickel  and  zinc  oxides,  silica,  sulphuric 
acid,  47-49 
industrial  application  of  methods,  30 
occurrence,  minerals,  ores,  33 
preparation  and  solution  of  the  sample, 
alkali  arsenates,  arsenic  acid,  arscnous 
oxide,     hydrochloric    and     sulphuric 
acids,  pyrites  ore,  3 1 
lead  arsenate,  zinc  arsenite  insecticides, 

32 
mispickel,  copper,  iron  and  steel,  $^ 

properties,  30 

separation   from   other   elements  by   dis- 
tillation, 7;$ 
from  antimony  and  tin,  35 
from  tin  in  alloys,  637 
solubility  of  oxides,  sulphides  and  other 

siilts.  30 
stains,  prcser\ation  of  for  Gutzeit  method, 

41  .       . 

traces,  determination  of  by  mo<lificd  Gut- 
zeit method  : 
in  acids,  hydrochloric,  nitric,  sulphuric, 

33-34 
in  baking  powders,  canned  goods,  meat, 

organic  matter,  etc.,  45 
in  ores,  alumina-bearing,  l)auxite,  cin« 

dors,  pyrites,  44 
in   Silks.    stHJium   chloride,   magnesium 

sulphate,  etc.,  45 


Arscnous  acid,  determination  of  with  iodin 

39 
reduction  of  bromates  with,  S2 

chloride,  volatility  of,  30 

oxide  in  paint  pigments,  629 
in  zinc  oxide,  629 
Asbestine  paint  pigment,  631 
Ash,  in  black  paint  pigments,  641 

in  coal,  determination  of,  684 
fusibility,  684 

in  plants,  determining  alkalies  in,  244 

in  turpentine*  determination  of.  618 
Assa>ing,  chapter  on  furnace  methods  of,  739 

combination  methods,  769 

consequent  to  furnace  operations,  742 

corrected  assay,  742 

crucible  method  of  fusion,  744 

cupellation,  759 

cyanide  solutions,  gold  in,  773 

furnace  operations,  741 
preliminary  to,  742 

gold  determination,  742 

parting,  766 

preliminar>'  to  furnace  operations,  742 

quantity  of  sample,  influence  of,  742 

roasting,  incineration,  743 

sampling,  739 

scorification,  755 

silver  determination,  743 

silver  and  gold  retained  in  the  slag,  742 

type  schemes,  758 

weight,  unit  of,  definition,  739 
A.S.T.M.  standards  for  Chinese  wood  oil,  615 
for  linseed  oil,  boiled  and  raw,  616 
turpentine,  618 
Atomic  weights,  international,  table  of,  779 
Attack's  method  for  traces  of  aluminum,  14 
Atwater  bomb  calorimeter  (Fig.  105),  670 

Bach's  test  for  rapeseed  oil.  505 

Baker  and  Clark,  chapter  on  tin,  419-430 

Baker's  method  for  tin,  426 

Baking  powder^  arsenic  determination  in.  45 

lead  determination  in,  243 

phosphate,   determination   of   phosphoric 
acid  in,  313 
Balance,    Christian     Becker,    chain    tjT*, 

(Fig.  S5d),  323 
Ball  mill  (Fig.  103),  673 
Bank's  hydrogen  sulphide  generator  (Fig. 4)1 

39 
Barium,  detection  of  ^ith  sat.  sol.  of  calcium 

or  strontium  sulphates,  50 
with  soluble  chromates,  tluosilicic  idd, 

flame,  50 
spectrum  of.  50 
estimation,  general  procedures: 
graximetric,  determination  as  chromate, 

BaCr04,  57 
as  sulphate,  BaSOi,  5vS 
volumetric,  acid  titration  of  carbooite, 

60 
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Barium,»estimation,  volumetric,  dichromate 
method,  50 
permanganate  method,  59 
potassium  iodide  method,  59 
estimation,  special  procedures: 

determination  in  insoluble  residue,  57 
in  ores,  57 
in  silicates,  57 

ore,  valuation  of.    See  Barytes. 
industrial  application,  50 
occurrence,  ores,  commercial  products,  50 
preparation  and  solution  of  the  sample, 
carbonates,    insoluble    residue,    sul- 
phates,  sulphides,   soluble  salts,  or- 
ganic matter,  50-51 
properties,  barium  sulphate,  50,  58 

barium  chromate,  58 
separations,  general  considerations,  51 
from   alkalies  and  magnesium  by   the 
oxalate  and  sulphate  methods,  53, 54 
from  calcium  and  strontium,  54,  55 
from  previous  groups,  53 
solubilities,  barium  compounds,  50,  58 
traces,  detection  of  by  flame  and  spectrum, 

50 
Barium  acetate  or  chloride  test  for  chromate, 

132 

chloride  in  hydrochloric  acid,  510 

-potassium  chromate  method  for  sulphur 

determination,  403 

test  for  bromate,  78 

test  for  selenium,  359 

chromate,  determination  of  chromium  as, 

136 
property  of,  58 
solubility  of,  58 

-thiosulphate  method  for  sulphur,  404 
hydroxide  method  for  separating  magne- 
sium from  alkalies,  346 
sulphate,  apparatus  for  Altering  of,  398 
decomposition   for   sulphur  determina- 
tion, 394 
in  blanc  fixe,  632 
in  lithopone,  630 

precipitation  of  sulphur  as,  395,  396 
properties  and  solubility  of,  58 
Base  box,  definition  (note),  428 
Bamitt,  formulie  for  solutions,  525 
Barton,  methods  for  titanium  in  steel,  441 
Barton  and  Scott,  chapter  on  titanium,  432 
Barytes,   analysis   of,   determining    barium 
carbonate,   barium   sulphate,   iron  and 
aluminum  oxides,  lime,  magnesia,  silica, 
soluble  SO3,  etc.,  60 
water  test  for  magnesium,  253 
Basic  acetate  method  for  precipitating  alu- 
minum and  iron,  2()o 
Basic  alumina  in  aluminum  stilts,  determina- 
tion of,  13 
''Basic  hydrochloric  acid"  in  bichloride  of 

tin,  424 
Basic  nitrate,  precipitation  of  bismuth  as,  06 


Baubigny's  method,  modified,  for  deter- 
mining halogens,  130 

Baudisch's  cupferron  method  for  iron,  214 

Baudoin's  test  for  sesame  oil,  66 

Bauxite,  analysis  of,  determining  soluble  and 
total  alumina,  sofuble  and  total  iron, 
insoluble  residue,  silica,  titanium  oxide, 

14-15 
arsenic  determination  in,  44 

Bead  test  for  titanium,  432 

Bearing  metal,  determining  bismuth  in,  63 

Bechi's  test  for  cottonseed  oil,  592 

Becker  chain  balance  (Fig.  55a),  323 

Bekk's   method   for   determination   of   the 

halogens,  130 
Belt  dressings,  601 

Bennett's  method  for  determining  arsenic,  40 
Benzidine  acetate  test  for  gold,  193 
hydrochloric  acid  method  for  determining 

sulphates,  405 
sulphate  method  for  sulphates  in  water,  55 1 
Benze's  method  for  determining  cerium  in 

Welsbach  mantles,  116 
Benzoic  acid  standard  for  acidimetry,  504 
Berg,  P.  von,  iodine  titration  of  cadmium 

sulphide,  87 
Ber>'llium.     See  Glucinum,  189 
Berzelius  process  for  determining  tungsten, 

454 
Betts,  nitrometer  method,  307 

Bichloride  of  tin,  Acker  process  for  analysis 
of,  425 
hot  water  precipitation  of  tin  in,  424 
sulphide  method  for  tin  in,  426 
BidtePs  method  for  valuation  of  feldspar,  186 
Bishop,  fuming  sulphuric  acid  table,  526 
Bishop  and  .\llen,  method  for  determining 

sulphur  in  ores,  396 
Bismuthate  method  for  determining  man- 
ganese, 263 
in  steel,  226 
in  water,  550 
Bismuth,   detection   of,   general  procedure, 
reducing  agents,  blowpipe  test,  62 
estimation,  general  procedures: 
gravimetric,     determination    as    basic 
chloride,  65 
as  metal  by  cyanide  reduction,  68 
as  metal  by  electrolysis,  68 
as  oxide,  Bi203,  66 
as  sulphide,  BijSs,  67 
volumetric,  bismuth  iodide  colorimetric 
method,  70 
cinchonine   potassium    iodide   colori- 
metric method,  69 
permanganate  titration  of  oxalate,  68 
estimation,  special  procedures: 

in  alloys  and  metals,  Britannia  metal,667 
in  metallic  copper,  168 
in  metallic  lead,  248 
in  Rose's  metal,  663 
in  Wood's  metal,  664 
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Bismuth,  industrial  application  of  methods, 
62 
occurrence,  62 

preparation  and  solution  of  the  sample, 
alloys,    lead    bullion,    refined    lead, 
ores,  62,  63 
properties,  bismuth,  basic  nitrate,  66 
oxy-chloride,  65 
sulphide,  67 
separations,   aluminum,   chromium,   iron, 
cobalt,  manganese,  nickel,  zinc,  mag- 
nesium, alkaline  earths,  alkalies,  64 
from  arsenic,  antimony,  tin,  molybde- 
num, selenium,  tellurium,  64 
from  cadmium  and  copper,  65 
from  lead  and  mercury,  64 
solubility,  metal  and  salts,  62,  65,  66,  67 
traces,  determination  of,  69,  70 
Black  oils,  601 

Blair,  bismuthate  method  for  determination 
of  manganese,  263 
colorimetric  method  for  carbon  determina- 
tion in  steel,  108 
Blanc  fixe  and  barytes,  analysis  of,  711 
Blangey's  method  for  chloric  acid,  128 
Blast-furnace  gas,  analysis  of,  711 
Blattner  and  Brassuer,  chlorine  in  chlorates 
and  perchlorates,  1 29 
method  for  reduction  of  chlorates,  1 28 
Blay   and    Burkhard,    graduated    weighing 

burette  (Fig.  83),  508 
Bleaching  powder,  evaluation  of,  130 
Blister  copper,  electrolytic  determination  of 

copper  in,  158 
Blood,  carbon  monoxide  determination  by 
means  of,  729 

in,  93 
"Bloom"  in  oils,  591 

Blowpipe  test  for  bismuth,  62 

test  for  cadmium,  84 
Blue  lead,  sublimed,  analysis  of,  638 
Blue  vitriol,  copper  determination  in,  1 74 
Boiling,  prolonged,  effect  on  aluminum  hy- 
droxide precipitate,  8 
effect  on  glucinum  separation  from  alu- 
minum, 191 
point  chart,  sulphuric  acid  of  varying  con- 
centration, 502 
Borax  bead,  boron  test,  71 

evaluation  of,  76 
Boric  acid,  evaluation  of,  77 

method  for  determining  ammonia  (ref- 
erences), 554 
Boron,  detection  of,  borax  bead  test,  proper- 
tics,  flame  test,  turmeric  test,  71 
estimation,  general  procedures: 

gravimetric,  lime  fixation  method,  74 

method  of  (iooch  and  Jones  (note),  75 
volumetric  determination,  7O 
estimation,  special  procedures: 

determination  as  boric  acid  in  butter,  73 
in  canned  goods,  74 


Boron,  estimation,  determination,  in  meat, 

73 
in  milk,  73 

in  silicates,  enamels,  etc.,  72 

in  mineral  water,  72 
indus|!rial  application  of  methods,  71 
occurrence,  ores,  alloys,  sundry  products, 

71 
preparation  and  solution  of  the  sample, 

boric  acid,  boric  oxide,  boracite,  boro- 
calcite,   boronatrocalcite,  borax,  cal- 
cium borate,  enamels,  silicates,  etc.,  72 
carbonates,   butter,   meat  and  canned 

goods,  73 
mineral  water,  72 
solubility  of  boron,  boric  acid,  borax,  72 
traces,  detection  of,  by  Robin's  test,  77 
Bos  worth  and  Gooch,  method  for  silver  de- 
termination, 384 
Bowman  and  Scott,  ferrous  sulphate  method 

for  nitric  acid,  515 
Bradbury  and  Owen,  alkali  carbonates  and 

hydrates  present  together,  531 
Brass  and  bronze,  analysis  of  determining 
arsenic,  copper,  iron,  lead,  antimony, 
tin  and  zinc,  667-669 
determination  of  vanadium  in,  478 
method  of  National  Brass  and  Copper 
Tube  Co.,  lead  and  copper  in,  175 
Breyer,  chapter  on  methods  of  anal>'sis  of 
zinc,  447 
manganese  determination  in  spiegel  iron, 

268 
separation  of  zinc  as  sulphide,  485 
Briggs  and  Scott,  modified  Orsat  apparatus 

(Fig.  131),  723 
Brimstone,  analysis  of,  determining  moisture, 
ash,  arsenic,  chlorine,  and  available  sul- 
phur in,  415 
Brines,  preparation  of  for  alkali  determina- 
tion, 344 
Briquettes,    cement,    details   for   .ind  illus- 
tration of  (Fig.  98),  649 
Britannia    metal,    analysis   of,    determining 
arsenic,    bismuth,    copjxrr,    iron,   lead, 
antimony,  and  tin,  066,  067 
British  thermal  unit  (B.t.u.)  calculation  of, 
681 
determination  of  heat  value  of  coal.  678 
determination  of  in  illuminating  gas,  713 
Bromate  method  for  determining  antimony, 

25 
Bromates,  detection  of,  78 

determination  of  by  arsenous  reduction,  ^i 
Bromine,   detection   of,    tests    with   carbon 
disulphide,  carbon  tetrachloride,  barium 
chloride,  magenta  test,  silver  nitrate,  78 
estimation  general  procedures: 
gravimetric,  determination  as  silver  bro- 
mide, 80 
volumetric,  free  bromine  by  potassium 
iodide  method,  81 
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Bromine,   estimation,  volumetric,    chlorine 
method  for  soluble  bromides,  8i 
silver  thiocyanate  method  of  Volhard, 
8i 
estimation,  special  procedures: 
crude  potassium  bromide,  analysis  of, 
82 
impurities  in  conmiercial  bromine,  chlorine 

in,  83 
industrial  application,  79 
occurrence,  79 
preparation  and  solution  of  the  sample, 

organic  matter,  salts,  etc.,  79 
properties,  79 

separations  from  chlorine  and  iodine,  80 
heavy  metals,  cyanides,  and  silver,  79 
solubility  of  the  element  and  its  salts,  79 
traces,  determination  of,  81 
Bromine-ammonia    method    for    separating 
manganese  from  zinc,  480 
precipitating  manganese  dioxide  with,  261 
Bromine  number  in  oil  analysis,  586 
Browne's  heating  tests  for  Chinese  wood  oil, 

614 
Browning-Drushel,  separation  of  magnesium 

from  the  alkalies,  347 
Browning-Flint,    method    for    determining 

tellurium,  365 
Browning's  Introduction  to  Rarer  Elements 

(reference),  114 
Browning's  test  for  fluorine,  177 

test  for  silica,  367 
Buckwheat  coal,  determination  of  B.t.u.  in, 

example  data,  682 
Bunsen  pump  (Fig.  iii),  688 
Buieau  of  Standards  method  for  carbon  in 
steel,  224 
manganese  in  steel,  228 
phosphorus  in  steel,  229 
silicon  in  steel,  232 
sulphur  in  steel,  230 
Burettes,  standard,  for  acidimetry  and  alka- 
limetry, 505 
Burges'    nitroso-beta-naphthol    method    for 

cobalt,  143 
Burkhard  and  Blay,  weighing  burette,  508 
Burning  oils.     See  Oils,  567 
Butter,  boric  acid  determination  in,  73 
method  of  analysis.     See  Oils,  599 

Cadmium,  detection  of,  general  procedure, 

84 
spectrum  of  cadmium,  blowpipe  test,  84 
estimation,  general  procedure: 
gravimetric,  determination  as  cadmium 
sulphate,  86 
as  cadmium  sulphide,  491 
as  metallic  cadmium  by  electrolysis, 
86,  491 
volumetric,  iodine  titration  of  cadmium 
sulphide,  87 
estimation,  special  procedures: 


Cadmium,     estimation,    determination    in 
alloys  and  metals: 
in  metallic  lead,  250 
in  spelter,  491 
in  Wood's  metal,  664 
industrial  application,  84 
occurrence,  84 

preparation  and  solution  of  the  sample, 
alloys,  carbonates,  ores,  sulphides,  in 
presence  of  lead,  84,  85 
separation  from  members  of  the  ammonium 
sulphide  group,  alkaline  earths  and 
the  alkalies,  85 
from  arsenic,  antimony  and  tin  in  pres- 
ence and  in  absence  of  copper,  85 
from  co|>per  in  alloys,  665 
from  bismuth  and  lead,  85 
from  mercury,  86 
from  silica,*  85 
Cadmium  chloride  and  sulphate  reagents  for 
sulphur  determination,  399 
sulphate,  determination  of  cadmium  as, 

86 
sulphide,  gravimetric  determination  of  cad- 
mium as,  491 
volumetric  determination  of  cadmium 
as,  87 
Caesium,  detection  of,  342 

separation  from  lithium  and  sodium.  347 
Cahen-Little-Morgan,  arsenic  determination 

in  organic  matter,  32 
Caillet,  elaidin  test  for  oils,  582 
Cain  and  Witmcr,  method  for  vanadium  in 

steel,  471 
Calcium,  detection  of,  general  procedure,  88 
flame  test,  spectrum,  88 
estimation,  general  procedures: 
gravimetric,  oxalate  method,  91 

other  methods,  92 
volumetric,  permanganate   titration  of 
the  oxalate,  92 
estimation,  special  procedures: 

determination    of    in    composite    white 
paints,  634 
in  green  paint  pigments,  640 
in  orange  and  yellow  paint  pigments,. 

63Q 

in  Portland  cement  as  CaO  (lime),  651 

in  sand,  374 

in  water,  548 

in  water  as  calcium  sulphate,  561 
industrial  application  of  methods,  88 
occurrence,  ores,  minerals,  etc.,  88 
preparation  and  solution  of  the  sample 

cements,  dolomites,  limestone,  mag- 

nesite,    gypsum,    plaster    of     Paris, 

silicates,  sulphates,  sulphides,  pyrites, 

salts,  8q 
separation  from  aluminum,  iron,  copper, 

cobalt,  nickel,  manganese,  zinc  and 

members   of   the   hydrogen   sulphide 

group,  89 
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Calcium,  separation  from  alkalies,  barium, 
strontium,  magnesium,  PsOs,  90 
from  silica,  89 
solubilities,  88 
traces,  detection  of,  88 
Calcium    carbonate,    apparatus    for   deter- 
mining in  cement  mixture,  657 
rapid  method  for  determining  in  cement, 
656 
fluoride,  decomposition  of,  1 79 
method  for  fluorine,  180 
Calorific  power  of  illuminating  gas,  713 

of  fuel,  678 
Calorimeter,  Atwater  bomb  (Fig.  105),  for 
coal,  B.t.u.  det.,  679 
Junker's  for  gas  (Figs.  124,  125, 126),  713, 

714 
standardization  of  the  Atwater,  683 

Camoin's  test  for  sesame  oil,  595 
Candle  power  of  illuminating  gas,  712 
Canned  goods,  arsenic  determination  in,  45 

tin  determination  in,  430 
Caoutchouc  in  lubricating  oil,  578 
Capometer,  6gi 

Carbide  of  silicon,  decomposition  of,  371 
Carbon,  detection  of  carbon  dioxide  in  gas,  93 
carbonates,  93 
carbonic  acid  in  water,  93 
carbon  monoxide  in  blood,  93 
estimation,  general  procedures: 
gravimetric,    dry   combustion    method, 
weighing  COj,  95 
wet  oxidation  process,  weighing  CO2, 
102 
volumetric,  barium  hydroxide  method, 
titration  of  carbonate  formed,  107 
measurement  of  volume  of  CO?  formed 
(ref.),  107 
estimation,  special  procedures: 
in  black  pigments,  640 
in  coal  as  "  fixed  carbon,"  678 
in  iron  and  steel,  99,  100,  224,  225 

colorimclric  method,  108 
graphitic  carbon,  99 
organic  substances,  lor,  102 
occurrence,  94 
preparation   of   sample,   alloys,   iron   and 

steel,  94 
separation    from    iron    and    steel,    cupric 

potassium  chloride  method,  94 
residue    test    of    lubricating    oils,    Gray's 
method,  579 
Carbonates  in  ores,  51,  85,  93,  94,  187,  211, 

304 
determination  of  in  presence  of  other  com- 
bined acids,  412 
Carbon  bisulphide.    See  Carbon  Disulphide. 
Carbon  dioxide  combined  as  carbonate: 

estimation,  geneml  procedures  for  de- 
termination, 103 
gravimetric  determination  in  carbon- 
ates, 103 


Carbon    dioxide,    estimation,    gravimetric 
loss  of  weight  method,  106 
volumetric,  measuring  the  gas  cvohxci, 

estimation,  sp>ecial  procedures: 
in  ammoniacal  gas  liquors,  298 
in  baking  powder,  available  CO^,  106 

residual  CQ2,  105 
in  cement,  74 

in  composite  white  paint,  634 
in  corroded  white  lead,  625 
in  blanc  fixe,  633 
in  gypsum,  632 
in  zinc  oxide,  627 
free  in  gaseous  mixtures,  292,  698,  700, 
704,  718 
Carbon  disulphide,  bromine  detection  with, 

iodine  determination  with,  206 
purification  of  (see  apparatus  for.  Fig. 
7),  67 
monoxide  in  blood,  detection  of,  93 
in  gaseous  mixtures,  determination  of. 

669 
in  illuminating  gas,  determination  of,  704 
tetrachloride,  bromine  test  with,  78 
tubes,   for  colorimetric  determination  of 
carbon  in  steel  (Fig.  25),  109 
Carbonic  acid  free  in  water,  553 

indicators,  708 
Carborundunfi,  silicon  carbide,  decompositiofl 

of  for  silica  det.,  371 
Carius  method  for  halogens  in  organic  matter, 

121 
Camot's  metho<l,  modified,  for  determining 

gold,  197 
Cement,  analysis  and  testing  of,  642 
apparatus  for  testing,  Fairbank's  testing 
machine  (Fig.  100),  648 
gang  mold  (Fig.  99),  647 
Gilmore  needles  (Fig.  95),  645 
Le  Chatelier's  specific  gravity  apparatus 

(Fig.  93),  643 
Riehl6  automatic   cement   testing  mi- 
chine  (Fig.  101),  649 
Vicat  needle  (Fig.  94),  644 
calcium  in,  89 
carbon  dioxide  in,  94 
mixture,  calcium,  carbonate,  rapid  method 

for  determining,  656 
normal  consistency,  determination  of,  044 
physical  testing,  O42 
Portland  cement,  analysis  of,  650 
determination  of  alkalies,  alumina,  iron, 
insoluble  residue,  lime,  loss  on  ig- 
nition,   magnesia,    silica,    sulphur, 

550-553 
rapid  method  of  analysis,  553 

setting  time,  645 

soundness  or  consistency  of  volume,  646 

specific  gravity,  643 

tensile  strength,  647 
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Cement,  rock,  analysis  of   (limestone,  lime, 

Rosendale  cement,  etc.),  658 
Cerium,  detection  of,  spectroscopic  test,  1 1 2 
estimation,  gravimetric  methods,  115 

volumetric  method,  116 
estimation  in  Welsbach  mantles,  116 
industrial  application,  113 
occurrence  and  properties,  112,  113 
preparation  of  the  sample,  acid  extraction, 
114 
fusion  method,  114 
separation  of  the  rare  earths  from  iron, 
aluminum,  thorium,  114 
from  calcium  and  magnesium,  115 
of  the  rare  earths  from  one  another,  115, 
117 
Chamber  burette  (Fig.  79),  505 
Chancel's  method  for  determining  aluminum, 

9 
Character  of  copper  deposits  by  electrolysis, 

161 

Characteristics  of  some  animal  and  vegetable 

oils,  604,  605 

of  some  fatty  acids  from  oils,  603 

of  waxes,  60^ 

Chemical  tests  of  water,  536 

Chili  saltpeter.    See  Nitrate  of  Soda  under 

Nitrogen,  303 

Chimney  flue  gases,  708 

China  clay  paint  pigment,  631 

Chinese  blue,  analysis  of,  638 

Chinese  wood  oil,  analysis  of,  determining 

acid  number,  iodine  number,  sapwnifica- 

*  tion  number,  specific  gravity,  unsapon- 

iflable  matter,  refractive  index,  heating 

and  Jelly  tests,  613-615 

Chlorate,  test  for,  iig 

determination  of,  1 28 

in  presence  of  pei^Silorates,  1 29 

removal  of,^  in  sulphur  determination,  395 

Chloric  acid. '  See  Chlorate. 

Chloride,  detection  of,  118 

Chlorides,  determination  of .     See  Chlorine. 

method,  for  determining  silver,  376 

Chlorine,  detection  of  free,  118 

combined   chlorine,   chloride   by   silver 

nitrate  test,  118 

test  in  presence  of  bromide  and  iodide, 

118 

test  in  presence  of  cyanate  and  cyanide, 

thiocyanatc,  118 

test  for  free  hydrochloric  acid,  118 

test  for  chlorate,  chlorite,  h>'pochlorite, 

perchlorate,  119 

estimation  of  combined  chlorine  as  chloride, 

general  methods: 

gravimetric  method  as  silver  chloride, 

124 

volumetric    methods,    silver    chromate 

method,  in  neutral  solution,  126 

silver    thiocyanate    method    in    acid 

solution,  125 


Chlorine,  estimation  of  combined  and  free 
chlorine,  special  cases: 
determination  combined  chlorine  in  pres- 
ence of  bromine  and  iodine  (com- 
bined), 130 
in  presence  of  other  acids,  412 
in  brimstone,  415 

in  cement  copper  and  copper  ores,  174 
in  water,  541,  554 
in  zinc  oxide,  627 
determination  of  free  chlorine,  127 
in  hydrochloric  acid,  509 
in  nitric  acid,  515 
industrial  application  of  methods,  1 19 
occurrence,  119 

preparation  and  solution  of  the  sample, 
ores,  cinders,  rocks,  water  soluble  and 
insoluble  chlorides,  silver  chloride,  1 20 
organic  matter,  decomposition  by  Carius 
method,  121 
decomposition  by  lime  method,  122 
decomposition  by  sodium  peroxide 
method,  122 
separation  from  iodine,  1 2^ 

together  with  bromine  from  iodine,  1 24 
halides  from  the  heavy  metals,  1 23 
halides  from  one  another,  1 23 
halides    from    silvti    and    from    silver 
cyanide,  123 
solubility  of  chlorine  and  its  salts,  119 
traces,  detection  of,  118 
determination.     See  Estimation,  Special 
Cases, 
free,  liberation  of  bromine  with,  81 
method  for  decomposing  alloys,  666 
water,  decomposition  of  hydrobromic  acid 
in  nitric  acid,  296 
Chloroplatinate    method    for    determining 
potassium,  349 
Hicks'  modification  for  potassium  deter- 
mination, 350 
Chromate,  detection  of  barium  with,  50 
method  for  determining  barium  as  BaCrOi, 

volumetric  method  for  determining  barium, 

59 
method  for  determining  chlorine,  1 26 

method  for  determining  lead,  236 
Chromic  acid,  determination  of,  in  presence 
of  vanadic  acid,  472 
removal  of  from  nitric  acid,  296 
hydroxide,  precipitation  of,  135 
Chromium,  detection  of,  tests  with  barium 
acetate,  ether,  lead  acetate,  mercurous 
nitrate,    hydrogen    peroxide,    reducing 
agents,  diphenyl  carbamide,  132 
distinction  between  chromic  and  chromous 

salts,  132 
estimation,  general  procedures: 
gravimetric,    determination   as   barium 
chromate,  136 
as  the  oxide,  CrjOj,  135 
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Chromium,  estimation,  volumetric,  ferrous 
sulphate      and      permanganate 
method,  137 
iodide  method,  137 
estimation,  special  procedures: 
determination  in  green  paint  pigments, 
640 
in  orange  and  yellow  paint  pigments, 

639 
in  presence  of  vanadium,  473 

industnal  application  of  methods  for,  132 

occurrence,  132 

preparation  and  solution  of  the  sample, 
refractory  materials,  materials  high  in 
silica,  chrome  iron  ores,  133 
iron  and  steel,  134 

separations,  from  alumina  and  iron,  134, 

13s 
solubility  of  the  metal,  133 

traces,  detection,  132 
estimation,  138 
Chromium  salts,  comparison  with  vanadium 

salts,  463 
Cinchonine   potassium    iodide   method    Tor 

determining  bismuth,  69 
Cinders,  chlorine  in,  120 
Citric  acid,  analysis  of,  530 

reagent  for  calcium  determination,  90 
Clark  and  Baker,  chapter  on  tin,  419-430 
Clark's  modification  of  Mohr's  method  for 
antimony,  27 
method  for  separation  of  antimony  from 
tin,  22 
Classen,  deposition  of  gold,  195 
and  Henz  method  for  determining  tin,  430 
and  Reiss  method  for  determining  anti- 
mony, 24 
Cleveland  cup  for  fire  test  of  lubricating  oils, 

577 
Coal,  methods  of  analysis,  672 

ash,  determination  of,  674 

Atwater  bomb  calorimeter  (Fig.  105),  689 

buckwheat  coal,  typical  analysis  of,  682 

calculation  of  B.t.u.,  681 

calorific  value,  determination  of,  678 

calorimeter,  standardization  of,  683  > 

composition  of,  709 
•   fixed  carbon,  determination  of,  678 

fusibility  of  coal  ash,  684 

Hoskins'  electric  furnace  (Fig.  107),  684 
.  moisture  determination  in  coal,  674 

preparation  of  the  sample,  672 

references,  685 

sampling  coal,  672 

quartering  (Fig.  103),  673 

turbidimetric  sulphur  table,  676,  677 

volatile  combustible  matter,  determination 
of,  674 

volatile  sulphur,  determination  of,  675 
Cobalt,  detection  of,  general  procedure,  140 
ammonium  sulphocyanate  test  for,  140 
dicyandiamidine  sulphate  test  for,  140 


Cobalt,  potassium  nitrite,  potassium  sulpho- 
cyanate tests,  140 
estimation,  general  procedures: 
gravimetric,  deposition  of  the  metal  by 
electrolysis,  144 
nitroso-beta-naphthol  method,  143 
potassium  nitrite  method,  143 
estimation,  special  procedures: 
determination  in  cobalt  oxide,  145 
in  copper  (metallic),  146 
in  enamels,  147 
in  ferro-cobalt,  146 
in  lead  (metallic),  146 
in  metallic  cobalt,  146 
in  metallic  nickel,  146 
in  ores,  147 
in  steel,  148 
preparation  and  solution  of  the  sample, 
metallic  cobalt,  nickel,  and   cobalt  al- 
loys, cobalt  oxides,  ores  containing 
cobalt,  141 
separation  of  ammonium  sulphide  from 
the  hydrogen  sulphide  group,  142 
ammonium  sulphide  group  from  alka- 
line earths  and  alkalies,  142 
cobalt  and  nickel  from  manganese,  142 
cobalt  from  nickel  and  from  zinc,  142 
Cold  test  for  lubricating  oils,  576 
Color  in  butter,  detection  of,  600 
Color  comparitor  or  camera  for  det.  carbon 

in  steel  (Fig.  26),  109 
Color,  organic,  in  red  and  brown  pigments, 

63s 
Color  test  in  turpentine,  617 

Color  test  of  water,  534 
Colorimeter  (Figs.  43,  69,  70),  245,  440,  442 
Colorimetric  determination  of  aluminum,  14 
of  anmionia,  299,  537 
of  bismuth,  70 
1^      of  carbon,  108 
of  chromium,  138 
of  copper,  165,  166,  167 
of  fluorine,  183 
of  gold,  197 
of  iron,  222,  223 
of  lead,  243 
of  manganese,  267 
of  titanium,  439,  441,  444 
Columbium,  detection  of,  455 
estimation,  procedure,  457 
occurrence,  455 

separation    from    antimony,    silica,   tin, 
tungsten,  457 
isolation  of  columbium  and  tantalum 
oxides,  456 
Combination    methods,    silver    determina- 
tion, 383 
Combined  sulphuric  acid  in  aluminum  salts, 

12 

in  cement,  65  2 

in  sulphates.    See  chapter  on  Sulphur. 

in  soluble  sulphates,  403 
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Combustion  furnace  for  carbon  determina- 
tion, 96 
hinged  type  (Fig.  $20),  174 
for  assaying,  748 
method   for    carbon    determination,    96, 
225 
Constant  temperature  bath,  160 
Constants  of  various  oils,  616 
Container  for  gas  sample  (Fig.  112),  689 
Conversion  factors,  Baum6  to  specific  grav- 
ity, 819 
formulae,  804 
Engler,  Redwood,  and  Saybolt  times — 

comparison,  607  < 
temperature,  Centigrade  to  Fahrenheit, 

818 
weights  and  measures  customary  and 
metric  systems,  820 
Cooper  Hewitt  mercury  light  (Fig.  44),  247 
Copper,    detection    of,  general    procedure, 
hydrogen  sulphide  test,  flame  test,  re- 
duction tests,  149 
estimation,  general  procedures: 
gravimetric,  copper  oxide  method,  162 
cuprous  sulphocyanate  method,  153 
electrolytic  methods,  preliminary  re- 
marks, 1 55 
rapid  methods,  157 
slow  methods,  158 
electrolysis,  effect  of  impurities  on, 
161 
precautions  and  notes  on   pro- 
cedure, 161 
removal  of  deposit,  162 
hydrogen  reduction  method,  173 
volumetric  methods,  potassium  cyanide 
procedure,  164 
potassium  iodide  method,  163 
estimation,  special  procedures: 
determination  of  copper  in  alloys  and 
metals,  brass  and  bronze,  668 
in  Britannia  metal,  667 
in  lead,  metallic,  250 
in    manganese    phosphorus    bronze, 

670 
in  refined  copper,  173 
in  Rose's  metal,  663 
in  type  metal,  660 
in  Wood's  metal,  665 
determination  in  water,  557 
impurities  in  blister  and  refined  copper: 
arsenic,  33 

bismuth  and  iron,  168 
antimony,   arsenic,  selenium,  and   tel- 
lurium, 170 
cobalt,  lead,  nickel  and  zinc,  169 
oxygen  and  sulphur,  172 
phosphorus,  173 

chlorine  in  cement  copper  and  Copper 
ores,  174 
industrial  application  of  methods,  149 
occurrence,  149 


Copper,    preparation  and   solution  of    the 
sample,  allo3rs,  cast  iron,  steel,  matte, 
slag,  iron  ores,  and  iron  ore  briquettes 
and    metals,    sulphide    ores,    copper 
glance,  copper  pyrites,  and  iron  py- 
rites, 150-153 
separations,  deposition  by  a  more  positive 
metal,  154 
precipitation  as  copper  sulphocyanate,  153 
removal    of    members    of     subsequent 

groups,  153 
removal  of  arsenic,  antimony,  bismuth, 

lead,  silver,  tin,  154 
removal  of  cadmium,  155,  665 
solubility  of  the  metal,  150 
traces  of,  ammonia  method,  167 
hydrogen  sulphide  method,  167 
ferrocyanide  method,  166 
potassium  ethyl  xanthate  method,  165 
Copper  pyrites,  150 
sulphate  for  determining  hydrocyanic  acid, 

no 
standard  solutions  (see  also  "reagents"), 
163,  165,  166 
Corrosion,  acid  waters,  calculation  of,  563 
Cottonseed  oil,  test  for  (see  Oils),  592 
Craig's  method,  modified,  for  basic  alumina 

or  free  acid  in  aluminum  salts,  1 2 
Crawford-Lenher   colorimetric    method    for 

titanium,  444 
Crook's  select  methods  of  analysis  (reference), 

116 
Cupferron  method  for  iron,  214 
Cupric-potassium-chloride  reagent,  prepara- 
tion of,  95 
Cupro-vanadium,  476 

Cuprous   chlorine,    ammoniacal    and    acid, 
preparation  for  gas  analysis,  734 
-sulphocyanate   method   for   determining 
copper,  153,  162 
Cyanide,  determination  of,  no,  in 
Cyanide  process  for  tin  ores,  420 
Cyanide,  silver  determination  as,  377 
volumetric  determination  of  silver,  383 

DeljJ     eighing  tube  (Fig.  81),  506 
Deniges  and  ChcUe  bromine  test,  78 
Denig^s'   cyanide   method  for  determining 

silver,  383 
Derby,  chapter  on  assaying,  739 
chapter  on  gold,  192 
chapter  on  silver,  375 
and  Scott,  chapter  on  copper,  149 
Deshey's  method  for  manganese  in  steel,  227 
Detection.    See    under    name    of    element 

sought. 
Devarda  apparatus  for  determining  nitrates 

(Fig.  51),  301 
Devarda's  method,  modified,  determination 

of  nitrates  by,  300 
Dichromate  of  p)otassium  method  for  iron,  216 
titration  in  determining  chromium,  138 
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Dicyandiamidine  sulphate  test  for  cobalt,  140 
Dietz  and   Margoscnes  method  for  deter- 
mining iodine,  205 
Dimethyl  glyoxime  method  for  nickel,  287 

test  for  nickel,  283 
Dioxide   of    manganese,    separation   of   by 

means  of  bromine,  261 
Diphenyl-endo-anilo-hydro-triazole    (nitron) 

method  for  nitrates,  296,  299 
Diphenylamine  test  for  nitrates,  292 
Diphenyl     carbazide     test     for    chromium 

(chromate),  132 
Distillation  of  arsenious  chloride,  35 
method  for  separating  selenium  and  tel- 
lurium, 361 
test  for  oils,  569 
Dittrich,  small  amounts  of  chromium,  138 
Dividing  pipette  (Figs.  30  and  42),  160,  233 
Doerflinger  and  Scott,  chapter  on  chlorine, 

118 
Dolomites,  89,  94 
Dole,  field  assay  of  water,  565 
Dowsett's  factory  test  for  gold,  198 
Drying  oils,  list  of,  602 
Drying  test  of  oils,  S97 
Du  Font's  nitrometer,  306,  307 
Dupre's  method  for  iodine,  modified,  207 
Dust,  determination  of  in  gas,  712 

Edgar's  method  of  reduction  of  vanadium 
with  sulphur  dioxide,  282 
volumetric  determination  of  vanadium,  ar- 
senic or  antimony,  in  presence  of 
one  another,  472 
of   vanadium   and    molybdenum,    in 

presence  of  one  another,  471 
of  vanadium  and  chromium  acids,  in 
presence  of  one  another,  473 
Kdible  fats  (see  Oils),  599 
Klaidin  test  for  oils,  582 
Electric    Heating   Apparatus   Co.,   furnace, 

hinged  design,  174 
Electrolyte,   test  for  copper  in,  after  elec- 
trolysis, i6i 
Electrolytic  determination  of  antimony,  24 
bismuth,  68 
cadmium,  86 
cobalt,  144 
copper,  15s 
gold,  194 
lead,  238 
mercury,  272 
nickel,  289 

platinum,  329  ' 

silver,  377 
tin,  430 
zinc,  479 
Elliott  apparatus  for  gas  analysis  (Fig.  121), 

700 
Enamel,  cobalt  determination  in,  147 
Engler's  method,  distillation  test  of  oil,  569 
viscosimeter,  572 


Engler  and  Haase  on  flash  test  of  oil,  567 

Erbium,  112,  113 

Errors,  causes  of  in  silica  determination,  36S 

in  determining  the  alkaline  earths,  5 1 
Eschka*s  method  for  sulphur  in  coal,  393 
Etching  test  for  fluorine  (Fig.  33),  176 
Ether,  chromium  detection  by,  132 
Evaluation  of  bauxite,  15 

of  feldspar,  186 
Evaporation  test  of  lubricating  oils,  575 
Evolution  apparatus  for  sulphur  determina- 
tion (Fig.  64),  599 

method  for  antimony,  28 

method  for  sulphur,  398 
Exit  gases,  sulphur  dioxide  in,  722 

Factors,  conversion,  804,  818-820.      Sec  also 

"Tables"  in  index. 
Fairbanks  cement  testing  machine,  648 
Fairbanks  and  Gooch   method   for   molyb- 
denum, 280 
Fats  (see  under  Oils),  599 
Fatty  acids,  table  of,  603 
Fatty  oils,  test  for  in  lubricating  oils,  578 
Feldspar,  analysis  of,  for  fluorine  evaluation, 

186 
Ferguson's  colorimetAc  method  for  bismuth, 
69 
electrolytic  method  for  copper,  159,  173 
tables  of  properties,  see  Part  III. 
Ferric    chloride    method    for    determining 
fluorine,  183 
for  tin,  429 
reagent  for  tin,  430 
iron  in  aluminum  salt,  1 2 
iron,  determination  with  stannous  chloride, 

221 
oxide,  determination  of  iron  as,  213 
oxide,  in  zinc  oxide,  629 
salts,  decomposition  of  iodides  with,  205 
salt,  titanium  determination  with,  437,  438 
Ferro-carbon  titanium,  determination  of  ti- 
tanium in,  gravimetric  method,  436 
determination  of  titanium  in,  volumetric 

method,  438 
determination  of  titanium  in  steel,  441 
Ferrocyanide   solution,    standardization   of, 
480,  482 
method  for  determination  of  copper,  166 
for  lead,  238 
for  zinc,  480-487 
Ferrosilicons,  371 
Ferrous  iron  in  aluminum  salt,  12 
reduction  of  chlorates,  1 28 

of  chromates,  132 
test  for  platinum,  325 
test  for  palladium,  ^$^ 
salts  for  reduction,  chromium  determina- 
tion, 137 
sulphate   method   for   determining   nitric 
acid,  515 
preparation  of  reagents,  Si7i  518,  519 
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Ferrous  sulphate,  procedure  for  determining 
persulphates,  406 
test  tor  nitrates,  2Q2 
Ferro-tungsten  alloys,  451 
typical  analysis  of,  44Q 
Ferro-vanadium,  det.  vanadium  in,  474 

method  by  American  Vanadium  Co.,  474 
Fertilizers,  mixed,  343 
organic  compounds,  344 
p)Otash  salts,  343 
Field  assay  of  water,  565 
Fineness  in  cement  testing,  642 
Finn's  method  of  basicity  of  white  lead,  626 
Fire  test  of  lubricating  oils,  577 
Fixed  carbon  in  coal,  678 
Fixed  oils,  fats  and  waxes  (see  Oils,  Fats,  and 

Waxes),  566 
Fixed  oils  and  resins  in  varnish,  618 
Flame,  coloration  of,  by  barium,  50 
boron,  79 
calcium,  88 
copper,  149 
potassium,    sodium,    caesium,    lithium, 

and  rubidium,  341,  342 
strontium,  387 
temperature  of,  see  table,  780 
Flash  test  or  point  of  burning  oils,  567 
of  lubricating  oils,  576 
varnish,  618 
Fleming's  gas  absorption  bulb,  98 
Fleming  method  for  carbon  in  steel,  96 
Flint  and  Browning's  method  for  determining 

tellurium,  365 
Flue  gases,  708 

Fluorides,  effect  on  aluminum  precipitation,  8 
Fluoride  of  potassium  reagent,  1 2 
Fluorides,  silica  determination  in  presence 

of,  370 
Fluoride  of  sodium,  evaluation  of,  determin- 
ing sodium  fluoride,  sodium  sulphate, 
sodium  thiosulphate,   sodium  chloride, 
silica,  volatile  matter,  water,  187 
Fluorine,  detection  of,  etching,  black  filter 
and  hanging  drop  tests,  176,  177 
estimation,  gravimetric,  calcium  fluoride 
method,  180 
lead  chloro  fluoride  method,  181 
volumetric  methods,  colorimetric  meth- 
od of  Steiger,  183 
ferric  chloride  method,  183 
silicon  tetrafluoride  method,  OfTerman's, 
182 
occurrence  of,  178 

preparation  of  the  sample,  calcium  fluoride, 
hydrofluoric  acid,  organic  substances, 
silicious  ores  and  slags,  soluble  fluor- 
ides, fluorspar,  178,  179 
separation,  from  boric,  hydrochloric,  phos- 
phoric acids,  1 80 
from  silica,  1 79 
solubility  of  salts,  178 
standard  solutions,  184 
traces,  determination  of,  188 


Fluorspar,  valuation  of,  determining  cal- 
cium carbonate,  calcium  fluoride  and 
silica,  179,  186 

Fluosilicic  acid,  precipitation  of  barium 
with,  50 

Foaming  and  priming  in  water,  563 

Foods,  arsenic  in,  45 

Formic  acid  in  acetic  acid,  527 
test  for  iridium,  330 
test  for  palladium,  333 
test  for  platinum,  325 
test  for  rhodium,  336 

Formulae  for  diluting  or  strengthening  acids, 

525 
fluorine  determination,  Merwin's,  186 

heat  value  of  coal,  681 

of  gas,  715 

iodine  value  for  SO2,  Reich  test,  722 

lime  and  soda  value  in  water  analysis,  561 

reduction  of  volume  of  gas  to  standard 

volume,  721 

Free  acid  in  aluminum  salts,  12-13 

in  presence  of  iron  salts,  532 

test  in  oils,  596 

French,  chapter  on  water  analysis,  533 

Frescnius,  separation  of  magnesium  and  the 

alkalies  (ref).,  346 

method  for  separating  barium,  calcium, 

and  strontium,  55 

method  for  determining  iodine,  206 

and  Popp,  boric  acid  in  meat,  73 

Friction  test  of  lubricating  oils,  580 

Fried  rich's  spiral  gas  washing  bottle  (Fig. 

1 16),  693 

Fuel  gases,  711 

Fuming  sulphuric  acid  equivalents  (table),  526 

Furfurol  in  acetic  acid,  527,  528 

Fusibility  of  coal,  684 

Fusion   method   for  decomposition  of  rare 

earth  ores,  114 

for  ores  with  selenium  and  tellurium, 

360 

for  potassium  bisulphate,  4 

for  sodium  carbonate,  4 

for  sulphur  ores,  393 

for  titanium  ores,  434 

for  tungsten  minerals,  449 

of  ores  with  sodium  hydroxide,  20 

with  sodium  and  potassium  carbonate,  212 

Gang  mold  for  cement  (Fig.  99),  647 
Gardner  and  Schaeffer,  chapter  on  analysis 

of  paints,  609-641 
Gas,  analysis,  687 
apparatus,     absorption    bulbs,    pipettes, 
tubes,  693 
measurement  of  large  quantities  of  gas: 
anemometer,  capometer,  orifice  meter. 
Pilot    tube,  rotameter,   Thomas 
electric  meter,  wet  meter,  689,  692 
measurement  of  small  quantities  of  gas: 
Ilempel's  gas  burette,  separatory  fun- 
nel and  graduate,  692 


840 


INDEX 


Gas,  apparatus,  analytical,  Elliott's  appa- 
ratus, 700 
Hempers,  701 
Orsat's,  6q7 
Orsat  modified  by  Briggs  and  Scott, 

723 
sampling  tubes,  pump,  containers,  687- 

689 
application  and  interpretation  of  results, 

708 
examination  of  gases,  detection  of,  tables 
of,  694-696 
gases  absorbed  by  silver  nitrate,  695 
by  sulphuric  acid,  694 
by  potassium  hydroxide,  695 
unabsorbed,  696 
acetylene,  det.  oxygen,  hydrogen,  me- 
thane, nitrogen,  sulphur-containing 
gases,  phosphoric,  727 
air,  moisture,  carbon  dioxide,  bacteria, 

carbon  monoxide,  ozone,  729 
chimney  and  flue  gases,  carbon  dioxide, 
indicators,  temperature  determina- 
tion of,  708,  709 
electrolytic  gas,  chlorine  and  other  gases, 

727 
illuminating  gas,  703 
ammonia  in,  717 
calorific  value  of,  713 
candle-power  of,  712 
illuminants  and  oxygen  in,  704 
carbon  dioxide  in,  718 
methane  and  hydrogen  in-,  Hempel's 
and  Hinman's  methods,  704,  705 
naphthalene  in,  718 
nitrogen  in,  706 
specific  gravity  of,  718 
sulphur  and   sulphuretted   hydrogen 

in,  716,  717 
tar  in,  720 
mine  gases,  carbon  dioxide  in,  726 
moisture  in  gases,  731 
nitrogen  in  gases,  nitrometer  method,  732 
producers,  fuel  blast  furnace  gases,  722 

dust  determination  in,  712 
sulphuric  acid  gases,  burner  gases,  720 
nitrogen  oxide  in,  726 
sulphur  dioxide  in  exit  gases,  722       \ 
in  inlet  gases,  723 
general  procedures  with  special  apparatus: 
Elliott,  determination   of  carbon  mon- 
oxide, carbon  dioxide,  oxygen,  700, 
701 
Hempel,  determination    of    oxygen    by 
hydrogen  combustion,  703 
by  phosphorus  method,  702 
by  pyrogallate  of  potassium,  703 
illuminating  gas,  703 
Junker's  calorimeter,  713 
Orsat,  determination    of   carbon    mon- 
oxide, carbon  dioxide,  hydrocarbons, 
oxygen,  697,  699 


Gas,  Orsat  apparatus,  modified  by  Biigp 
and  Scott  for  determining  sulphur 
dioxide  in  inlet  gases,  723 

tables,  736-738 
Gasoline  test  for  lubricating  oils,  579 
Gay-Lussac  apparatus  (Fig.  59),  for  sflver 
determination,  381 
method  for  determining  silver.  379 
Geissler  absorption  bulb  for  carbon  dioxide 

determination,  96 
Gerhardt  absorption  bulb  for  carbon  dioxide 

determination,  96 
German  silver,  analysis  of,  determining  cop- 
per, lead,  arsenic,  antimony,  and  tin, 
ux>n,  nickel,  zinc,  669 
Gibb's  method  for  determining  manganese, 

262 
Gill,  chapter  on  fixed  oils,  {fats  and  waxes, 
566-608 
chapter  on  analysis  of  gas,  687-738 
carbon  monoxide  in  atmospheric  air,  729 
on  use  of  sodium  pjrrogallate   (note  i), 
oxygen  in  gas,  702 
Gilmore's  needles  (Fig.  95),  645 
Glucinum,  detection  of,  189 
estimation,  gravimetric  method,  190 
occurrence,  189 

separation  from  aluminum,  chromium,  iron, 
manganese,  zirconium,  and  yttrium,  100 
Glycerol,  boric  acid  titration  in,  76,  77 
Gold  detection  of  in  alloys,  192 
benzidine  acetate  test,  193 
phenylhydrazine  acetate  test,  193 
test  for  in  minerals,  192 
estimation,  general  procedures: 
gravimetric,  electrolytic  method,  194 
procedures  of  Cassell,  Moir,  Pnstcr, 

197 
wet  assay  of  minerals,  194 
volumetric  methods: 
colorimetric  method,  197 
iodide  method,  196 
Lenher's  method,  -195 
permanganate  method,  195 
preparation  of  proof  gold,  198 
solubility,  198 
Gooch  method  for  determining  lithium,  353 
for  determining  titanium,  modified,  435 
and  Blake's  method  for  determining  bro- 

mates,  82 
and  Bos  worth's  method  for   determining 

silver,  384 
and  Ensiger,  separation  of  bromine  from 

iodine,  80 
and  Fairbanks'  method  for  molybdenum, 

280 
and  Jones,  method  for  boron,  75 
Graphite,  carbon  determination  in,  1 10 
determination  of,  in  crude  minez^,  no 
in  iron  and  steel,  determination  of,  99 
Graphitic  silicon  in  aluminum,  determination 
of,  17 
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Gravimetric  methods.    See  under  element 

in  question. 
Gray's  method,  carbon  residue  test  in  oil,  579 

distillation  flask  (Fig.  91),  579 
Greef  s  method  for  determining  fluorine,  183 
Gregory,  test  for  silver,  375 
Groger,    decomfxysition    of    chromic    oxide 
(note),  134 
chromium  determination  (note),  137 
Gumming  test  in  lubricating  oils,  578 
Gutbier  and  Hiiller«  method  for  zirconium, 

496 
Gutzeit   apparatus,    arsenic    determination 
(Fig.  6),  46 
method  for  determining  arsenic,  modified, 
46 
Gryory's  method  for  determining  antimony, 

25 
Gypsum,  89 

Hale,  chapter  on  methods  for  analysis  of  coal, 
672 
soap  test  for  hardness  in  water,  560 
starch,  preparation  of,  556 
water  analysis,  565 
Halogens,  separation  and  determination  in 

presence  of  one  another,  130 
Halpen's  test  for  cottonseed  oil,  592 
Handy's  volumetric  method  for  magnesium, 

.     256 
Hanging  drop  test  for  fluorine,  177 
Hanus's  method  for  iodine  number  of  oils,  584 
Hardened  oils  (see  Oils,  Fats,  Waxes),  601 
Hard,  lead,  antimony  in,  25 
decomp>osition  of,  21,  25 
Hardness,  determination  of,  in  water,  557 
Heath,    permanent   copper   standard   solu- 
tion (ref.),  167 
Heath's  solenoid,  rapid  deposition  of  copper 

Heat  passing  up  chinmey,  calculation  of,  709 
Heating  test  of  paint  vehicles  (Chinese  wood 

oil),  614 
Helium  in  the  atmosphere,  292 
Hempel  apparatus,  701 
gas  burette  (Fig.  122),  692 
method  for  determining  methane  and  hy- 
drogen, 705 
apparatus   description   (Figs.    122,    123), 
701-703 
Henz  and  Classen  method  for  tin,  430 
Herig  automatic  device  for  burette,  505 
Herting,  volumetric  method  for  tungsten,  454 
Hesse's  method  for  carbon  dioxide  in  at- 
mospheric air  (Fig.  132),  728 
Hexabromide  test  for  linseed  oil,  593 
Hickman,  chapter  on  platinum  and  platinum 

group,  324 
Hicks,  chapter  on  potassium,  sodium,  and 
other  alkalies,  341 
chloroplatinate  method  for  potassium,  350 
Hiidebrand  on  Portland  cement  analysis,  652 


Hillebrand,  alkalies  (ref.)»  355 

on  silica  determination  (ref.),  372 
Hinman's  method  for  determining  methane 
and  hydrogen,  704 
and  Jenkins,  sulphur  apparatus  (Fig.  127), 

716 
volumetric  method  for  sulphur,  404 
Hintz  and  Weber  on  sulphur  precipitation, 

395 
Holde,  caoutchouc  in  lubricating  oil,  578 

HoUoway-Eschka   process   for   determming 

mercury,  273 
Hommel's  process  for  separating  molybde- 
num and  tungsten,  452 
Hoop)er's  method  for  treatment  of  spiesses, 

slags,  mattes,  etc.,  20 
Hoskins'  electric  furnace  (Fig.  107),  684 
Hot  water  precipitation  of  tin,  424 
Howard-Harrison,  fusion  of  sulphide  ores,  20 
Htibl's  method  for  iodine  number  in  oils,  585 
HUller  and  Gutbier  method  for  zirconium, 

496 
Hydrazine  sulphate,  decomposition  of  nitrous 
acid,  296 
reduction  of  chromic  acid,  296 
Hydriodic  acid,  removal  of  from  nitric  acid, 

296 
Hydrobromic  acid,  removal  of  from  nitric 

acid,  296 
Hydrocarbons  in  gas  analysis,  699 

in  illuminating  gas,  704 
Hydrochloric  acid,  detection  of  free,  118 
estimation,  gravimetric  methods  for,  124 

volumetric  methods,  125,  509 
in  presence  of  chloric  and  perchloric  acids, 

129 
impurities  in,  arsenic,  31,  44,  510 
barium  chloride  in,  510 
chlorine,  free,  in,  509 
nitric  acid  and  nitrates  in,  509,  513 
.  silica  and  total  solids  in,  510 

sulphuric  acid  and  sulphates  in,  509 
preparation  of  arsenic-free  acid  (Fig.  5),  43 
reduction  of  selenic  and  telluric  acids,  365 
in  acetic  acid,  529 
in  ammoniacal  liquors,  298 
basic  or  free  in  bichloride  of  tin,  424 
test  for  iron,  210 
test  for  lead,  233 
test  for  mercury,  270 
test  for  selenium,  359 
test  for  tellurium,  359 
Hydrocyanic  acid,  volumetric  determination, 

no 
Hydrofluoric  acid,  analysis  of,  total  acidity, 

gravimetric    estmiation,    preparation    of 

sample  for,  179 
hydrofluosilicic  acid  in,  511 
sulphuric  acid  in,  511 
sulphurous  acid  in,  511 
decomposition  of  rare  earth  ores  with,  114 
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Hydrofluosalicic  acid  in  hydrofluoric  acid,  5 1 1 
Hydrogen  chloride  gas,  generation  of  (note), 

10 
Hydrogen  combustion  method  for  det.  oxy- 
gen, 703 

determination  in  gas.  704,  705 

in  the  atmosphere,  292 

generator,  734 

reduction  method  for  copper,  173 

reduction  of  rhodium  salts,  336 

reduction  of  tin  ores,  421 
Hydrogen  p)eroxide,  chromium  detection  by, 

132 
method  for  iodine,  207 
method  for  titanium,  439 
method  for  detecting  vanadium,  463 
test  for  thorium,  416,  418 
-phosphoric  acid  method  for  decompos- 
ing iodides,  207 
Hydrogen  sulphide,  evolution  of  in  sulphur 
det.,  401 
estimation  of,  407 
in  ammoniacal  liquors,  299 
in  gas,  717 
in  water,  555 

group,  separation  of,  142,  254,  344 
precipitation  of  molybdenum,  279 
reduction  of  chromates,  132 
reduction  of  ferric  solutions,  215 
test  for  iridium,  330 
test  for  lead,  233 
test  for  mercury,  270 
test  for  nickel,  283 
test  for  palladium,  333 
test  for  platinum,  324 
test  for  rhodium,  336 
test  for  ruthenium,  334 
test  for  selenium,  359 
test  for  tellurium,  359 
test  for  vanadium,  463 
test  for  copper,  149 
Hydrolysis  of  aluminum  salt  with  ammonia,  7 
with  thiosulphate,  9 
method  for  tin,  422 
Hydrometer  for  specific  gravity  of  oils,  569 
Hydroxide  of  aluminum,  precipitation,  7,  9 
effect  of  boiling,  8 
of  bismuth,  precipitation  of,  66 
hydroxylaminc  hydrochloride,  551 
Hypochlorite,  test  for,  119 
det.  of,  127 
in  presence  of  Ci,  127 
Hypochlorous  acid,  detection  of,  119 

determination  of,  127 
Hypophosphorous  acid,  test  for,  310 

Ignition  loss  in  asbestine,  china  clay,  silica, 
silex,  631 
in  gypsum,  plaster  of  Paris,  632 
in  barytes  and  blanc  fixe,  632 
lUuminants  in  gas  analysis,  704 
Illuminating  gas,  analysis  of,  703,  712 


Impurities.    See  complete  aiial>'sis  of  sab- 
stances  in  question. 
Indicators,  409 
Indirect  method  for  determining  sodium  and 

potassium,  352 
Inlet  gases,  sulphur  dioxide  in,  723 
Insecticides,  water-soluble  arsenic  in,  32 
Insoluble  matter  in  asbestine,  china  day, 
silica,  silex,  631 
in  composite  white  paint,  633 
in  orange  and  yellow  pigments,  639 
residue  in  Portland  cement,  653 
in  sodium  fluoride,  1S8 
in  sodium  nitrate,  303 
in  zinc  oxide,  628 
barium  sulphate  in,  51,  56 
Interpretation  of  results  in  gas  anal>'sis,  708 
in  mineral  analysis  of  water,  562 
in  sanitary  analysis  of  water,  543 
lodate,  determination  of,  208 

and  periodate  in  a  mixture,  208 
lodate  of  potassium,  decomposition  of  iodide 

with,  205 
Iodide  of  potassium,  reduction  of  ferric  solu- 
tions with,  216 
Iodide  method  for  antimony,  26 
method  for  arsenic,  39 
for  chromium  determination,  137 
for  gold  determination,  iq6 
for  metabisulphites,  sulphites,   sulphu- 
rous acid,  thiosulphates,  1 10 
for  selenium  and  tellurium,  365 
for  determining  tin,  426 
Iodine,  detection  of  free,  combined,  iodate, 
200 
estimation,  general  procedures: 
gravimetric  as  palladous  iodide,  203 

as  silver  iodide,  203 
volumetric  determination  of  hydriodic 
acid  and  soluble  iodides,  203 
liberation    of   iodine    with     chjorine 

(Mohr-Dupr6),  207 
of  ferric  salts,  205 
of  hydrogen  peroxide  and  phosphoric 

acid,  207 
of  iodate  of  potassium,  205 
of   nitrous   acid,  Fresenius    method, 

206 
Volhard's  method,  207 
estimation,  special  procedures: 

in  nitric  acid,  determination  of,  514 
occurrence,  200 

preparation  of  the  sample  for  estimatioQ 
of  iodine  in  iodides,  iodates,  commer- 
cial   iodine,    minerals,    oiganic    sub- 
stances, phosphates,  water,  301 
separation  from  heavy  metals,  from  bro- 
mine and  chlorine,  202,  203 
solubility  of  the  element  and  its  salts,  200 
Iodine  jelly  test  of  paint  vehicles,  614 
number  (Hiibl),  in  oil  analysis,  583,  613 
standard  solution  of  (see  Reagents),  28 
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Iridium,  detection  of,  330 

estimation,   gravimetric   methods   by   ig- 
nition of: 
ammonium  iridium  chloride,  331 
reduction  with  zinc,  331 
obtaining  as  residue,  ^^^2 
preparation  of  the  sample  for  analysis,  330 
properties  of,  330 
separation  from  platinum,  331 
Iron,  detection  of,  tests  with  hydrochloric 
acid,  ferrocyanidc,  salicylic  acid,  sodium 
peroxide,  sulphocyanate,  210 
distinction    between    ferrous    and    ferric 

salts,  210 
estimation,  general  procedures: 

gravimetric,     determination     as     ferric 
oxide,  Fe..O.%  213 
cupferron  method,  214 
volumetric      methods,    oxidation     pro- 
cedures: 
preliminary  reduction  with  hydrogen 
sulphide,  metal,  potassium  iodide, 
sulphurous  acid,  test  lead,  zinc,  215, 
216 
potassium  dichromate  method,  216 
potassium  permanganate  method,  218 
reduction    procedure    with    stannous 
chloride,  221 
estimation,  special  procedures: 

determination  in  alloys  and  metals: 
in  brass  and  bronze,  660 
in  Britannia  metal,  667 
in  copper,  168 
in  German  silver,  669 
in  lead,  252 

in  manganese  phosphorus  bronze,  670 
in  Rose's  metal,  664 
in  spelter,  490 
in  type  metal,  660 
determination  in  bauxite,  15 

in  paint  pigments  (iron  oxides),  629, 

(i33^  637,  640 
in  phosphates,  320,  ^22 
in  Portland  cement,  651 
in  sand,  374 
in  sodium  nitrate,  303 
in  spent  oxide,  415 
in  titaniferous  ores,  446 
in  water,  as  ferrous  and  ferric  iron,  547 
determination  of  in  presence  of  vana- 
dium, 469,  472 
industrial  application  of  metlnxls,  210 
occurrence,  ores  and  minerals,  carbonates, 

oxides,  sulphides,  210,  211 
pre[>aration  and  solution  of  the  sample, 
iron  and  steel,  212 
ores,  soluble  salts,  silicates,  etc.,  211,  212 
separation.     See  element  from  which  sep- 
aration is  desired, 
solubilities,  general  considerations,  211 
traces,  salicylic  acifl  method,  223 
sulphocyanate  nietluMJ,  2 


■>  ■) 


Iron  and  steel  analysis,  decomposition  of,  for 
determining  iron,  212 
determination  of  aluminum  in,  16 
arsenic  in,  ^^^ 

carbon  in,  combined,  colorimetric  de- 
termination, 108,  224 
graphitic,  227 
total,  95-101,  225 
chromium  in,  134 
cobalt  in,  148 

manganese  in,  bismuthate  method  for, 
228,  263 
Deshey's  method,  227,  268 
persulphate  method,  227,  267 
Volhard's  method,  266 
determination  in  spiegel  iron,  268 
molybdenum  in,  276,  278 
nickel  in,  285 

phosphorus  in,  220,  316-318 
silicon  in,  231,  371 

rapid  foundry  method  of  determina- 
tion, 2^2 
sulphur  in,  gravimetric,  230 
volumetric,  229,  398-402 
titanium  in,  441 
tungsten  in,  448,  450 
vanadium  in,  464,  471,  475 
specifications  for  elements  in  steel: 
carbon,  228 
manganese,  228 
phosphorus,  229 
silicon,  232 
sulphur,  231 
Iron  ores  and  iron-ore  briquettes,  copper  de- 
termination in, 152 
ore  briquettes,  reduction  for  sulphur  de- 
termination, 400 
separation  from  chromium,  134 
sulphide,  available  IIjS  in,  401 ,  407 
Irrigating  waters,  564 

Jannasch    method    for    separation    of    the 
halogens,  202 
metallic  test  for  palladium,  333 
for  platinum,  325 
for  rhodium,  336 
for  iodine  (ref.),  123 
precipitation  of  bismuth  hydroxide,  67 
Jenkins'    apparatus   for   specific  gravity  of 
gas  (Fig.  129),  719 
and  Ilinman  gas-sulphur  apparatus  (Fig. 
127).  716  ^    ■ 

Jolly's  meth(Kl  for  traces  of  thorium,  418 
Jones  reductor  apparatus  (Fig.  40),  220 

metho<l    for    iron    determination,    216, 

219 
method  for  molybdenum  determination, 

2S1 
method   for  phosphorus  determination, 

Junker's  calorinieter  (Figs.    124,   125,   126), 
713,  714 
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Kehrmann's  separation  of  tungsten  from 
arsenic  and  phosphorus,  452 

Keller's  method  lor  separating  selenium  and 
tellurium,  361 

Kelly,  traces  of  antimony,  2Q 

Kempf's  oxalic  acid  method  for  determina- 
tion of  persulphates,  406 

Kjeldahl  digestion  for  nitrogen  determina- 
tion, 294 

Knceland,  decomposition  of  ores  and  slags, 

Knorr's  p)ersulphate  method  for  determining 
manganese  in  water,  550 
apparatus,   modified,   for  carbon  dioxide 

determination,  104 
method  for  purification  of  silver,  385 
Krypton  in  the  atmosphere,  292 

I^cmoid  indicator,  preparation  of,  608 

uses  of,  500 
Landrum,  cobalt  in  cobalt  oxide,  145 
cobalt  in  enamels,  147 
method  for  cobalt  in  enamels,  147 
Lanthanum,  112,  113 
Lard,  cottonseed  oil  in,  600 

water  in,  600 
Lawrence  Smith  (J.),  method  for  alkalies  in 

silicates,  355 
Lead,  detection  of,  tests  with  hydrochloric 
acid,  hydrogen  sulphide,  potassium  di- 
chromate  and  potassium  chromate,  233 
estimation,  general  procedures: 
gravimetric    method,    determining    as 

chromate,  PbCr04,  236 
•    as  molybdate,  PbMo04,  237 

as  peroxide,  PbQj,  by  electrolysis,  238 
as  sulphate,  PbS04,  236 
volumetric  methods,  ferrocyanide  titra- 
tion, 238 
molybdate  method  of  Alexander,  239 
estimation,  special  procedures: 
determination  in   alloys  and  metals  in 
brass  and  bronze,  668 
in  Britannia  metal,  667 
in  copper,  169 

in  manganese  phosphorus  bronze,  670 
in  Rose's  metal,  663 
in  soft  solders,  O62 
in  spelter  (electrolytic  and  lead  acid 

methods),  489 
in  type  metal,  600 
in  Wood's  metal,  664 
determination  in  paint  pigments,  chrome 
green  and  yellow,  639,  640 
in   corroded   white   lead    (volumetric 

and  gravimetric),  625 
in  metallic  lead,  626 
in  red  lead  and  orange  mineral,  635 
in  sublimed  blue  lead,  638 
in  sublimed  white  lead,  623 
in  yellow  basic  lead  chromate,  639 
in  zinc  lead  and  leaded  zinc,  627 


Lead,  estimation,    determination   in  sa 
quantities  (see  Traces  in  Water),  557 
impurities  in  metallic  lead: 
antimony  in  hard  lead,  25 
bismuth  in  lead  bullion,  63 
complete  analysis  of  pig  lead,  detenn 
ing  bismuth,   silver,  arsenic,  ai 
mony,    tin,    iron,    cobalt,   nid 
manganese,  zinc,  248-252 
industrial  application  of  methods,  233 
occurrence,  minerals,  ores,  allo>*s,  etc., : 
preparation  and  solution  of  the  sampki 

minerals,  ores,  allo>'B,  etc.,  234 
separations,  isolation  of  lead  as  sulpha 

extraction  of  the  impure  sulphate 

ammonium  acetate,  235,  241 
separation  from  barium,  235 
solubilities  of  metallic  lead  and  its  sal 

233 
traces,  determination  of: 

gravimetric  from  large  amounts  of  su 

stances: 

a.  acetate  extraction,  241 

b.  occlusion  by  precipitate  of  anott 

metal,  242 

c.  Seeker-Clayton  method,  modifit 

volumetric,  colorimetric  method,  243 
Lead  acetate  method  for  predpitating  van 
dium,  468 
test  for  chromate,  132 
test  paper,  43 
Lead-arsenate,  arsenic  determination  in,  3: 
bullion,  bismuth  determination  in,  63 
carbonate  in  sublimed  blue  lead,  638 
chloro-fluoride  method  for  fluorine  det 

mination,  181 
molybdate  method  for  determining  lea 

237 
method  for  determining  molybdenu 
278 
oxide,  electrolytic  method,  628 

method  for  manganese  in  steel,  227 
peroxide  in  red  lead,  635 
sulphate,   decomposition   of,   for  sulph 
determination,  394 
in  sublimed  blue  lead,  638 
sulphide  in  sublimed  blue  lead,  638 
sulphite  in  sublimed  blue  lead,  638 
Le   Blanc  and   Eckardt's   ferrous  sulpha 

method  for  persulphates,  406 
Le   Chatelier's    specific  gra\ity  appantc 

643 
Lenher's  method  for  gold,  196 

-Crawford  th>Tnol  method  for  titanium,  4 

and  Trogg,  precautions  on  silica  detc 

mination,  373 

Lennsen's   iodide   method  for  tin,   Bakei 

modification,  426 

Lewkowitsch  on  oil  tests,  591 

Liebermann-Storch's  test  for  rosin  oil,  595 
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Uebig's  absorption  bulb,  95 

method  for  determining  hydrocyanic  acid 
and  cyanides,  in 
Uddell  on  dust  in  gas,  7 1 2 

"Metallurgists'  Handbook"  (ref.),  38S 
lime,  effect  of  in  silica  dehydration,  372 
method  for  halogens  in  organic  matter, 

122 
in  sand,  374 

-value  in  water  analysis,  650 
in  silicate  of  soda,  374 
and   limestone  determination  in  cement 

analysis,  651,  658 
water  test  for  magnesium,  253 
Ximestone,  lime,  cement  rock,  analysis  of,  658 
Undo-Gladding's  method  for  potassium,  351 
Xinseed  oil  (see  Oils,  Fats  and  Waxes),  593 
lithium,  detection  of,  342 

estimation,  general  procedures: 
as  lithium  chloride,  353 
as  lithium  sulphate,  353 
Gooch's  method,  353 
Rammelsberg's  method,  354 
spectroscopic  method,  354 
sodium  and  potassium  determination  in 
presence  of  one  another,  355 
Xlthopone,  analysis  of,  630 
Xitmus  indicator,  uses  of,  500 
Xittle-Cahen-Morgan,  det.  arsenic  in  organic 

matter,  32 
Xioss  of  weight  method  for  carbonates,  106 

on  ignition  in  Portland  cement,  652 
X<ow,  electrolytic  method  for  cobalt,  144 

method  for  decomposing  antimony  ores,  19 
XiOwe  (F.),  separation  of  bismuth  from  cad- 
mium, copper,  and  lead,  66 
X^wer  oxides  m  nitric  acid,  514 

in  oleum  and  mixed  acids,  523 
ILnbricating    oils     (see    under    Oils,    Fats, 

Waxes),  572 
l^unge-Marchlewski  method  for  carbon  (ref.), 
107 
-Ray  pipette  for  weighing  of  liquids,  506 
Xuteol  indicator,  425 

^iackey's  apparatus  for  spontaneous  com- 
bustion-oils, 596 
^iagenta  test  for  bromine,  78,  82 
^fagnesia,  effect  on  silica  dehydration,  372 
lesium,  detection  of,  253 
estimation,  methods  for  determining,  gen- 
eral: 
gravimetric,    as   magnesium    pyrophos- 
phate, 255 
volumetric,  titration  of  ammonium  mag- 
nesium phosphate,  256 
Itimation,  special  methods: 
determination  in  gypsum,  632 
in  sand,  374 
in  silicate  of  soda,  374 
in  sodium  nitrate,  304 
in  water,  549,  560 


Magnesium,  estimation,  in  composite  white 
paint,  634 
in  green  pigments,  640 
in  orange  and  yellow  pigments,  639 
in  Portland  cement,  651 
with  sodium  and  potassium  in  presence 
of  one  another,  estimation  of,  352 
occurrence,  253 
preparation  and  solution  of  the  sample — 

ores,  253 
separation   from    the   hydrogen    sulphide 
group,  Cu,  Pb,  Cd,  As,  etc.,  254 
from  iron,  aluminum,  manganese,  and 

zinc,  254 
from  the  alkaline  earths,  53,  254 
solubility,  253 
Magnesium  ammonium  phosphate  method 
for  phosphorus,  315 
determination  in  water,  549 
chloride  in  water,  559 
metallic,  test  for  platinum,  325 
pyroarsenate  method  for  arsenic,  37 
pyrophosphate  method  for  phosphorus,  315 
sulphate,  arsenic  in,  45 
Maletesta  and  De  Nola,  silver  determination, 

376 
Manganese,  detection  of,  general  procedure 
and  bead  test,  257 
in  soils,  minerals,  vegetables,  etc.,  257 
estimation,  general  methods: 
gravimetric,   as  manganese,   pyrophos- 
phate, 262 
volumetric,  bismuthate  method,  263 
lead  oxide  method,  268 
persulphate  method,  267 
Volhard's  method,  268 
estimation,  special  procedures: 
determination  in  iron  and  steel,  227,228 
in  metallic  lead,  252 
in  phosphorus  bronze,  670 
in  Spiegel  iron,  268 
in  water,  550 
preparation  and  solution  of  the  sample, 
alloys,     ferro-aluminum,     ferro-chro- 
mium,     ferro-titanium,     manganese, 
bronze,    molybdenum    and    tungsten 
alloys,  silicon  alloys;   iron  and  steel; 
ores,  iron  ores,  sulphides,  slags,  258 
separation  from  H2S  group,  alkaline  earths 
and  alkalies,  nickel  and  cobalt,  260 
from  iron  and  alumina  by  basic  acetate 

method.  260 
by  precipitation  of  manganese  as  dioxide, 
MnOj,  261 
solubility  of  the  metal  and  its  oxides,  258  * 
Manganese  dioxide  in  zinc  oxide,  629 
Manganese  oxide  in  paint  pigmehts,  629 
-phosphorus     bronze,     analysis     of     (see 
Alloys),  670 
Mannitol,  boric  acid  titration  in,  76,  77 
Marsh,  electrolysis  of  nickel,  289 
Martin,  on  absorption  apparatus  for  CO2,  98 
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Matte,  copper,  solution  of,  151 

Mattes,  decomposition  of,  20 

Maumen^  test  for  oils,  582 

McDonnell  and  Roark  arsenic  separation,  33 

McDowell,  method  for  hydrocyanic  acid,  1 10 

Meade,  chapter  on  cements,  642-658 

Meat,  arsenic  in,  45 

boron  in,  73 
Meiklejohn,  properties  of  compounds,  table 

XVII.  801-803 
Mellor,  calcium  oxalate,  decomposition  of,  91 
on  precipitation  of  tungsten,  454 
traces  of  lead,  244 
Melting  temp)erature  of  elements,  table  of, 

780 
Mene,  ferric  chloride  method  for  tin,  429 
Mennick,  chloric  and  perchloric  acids,  1 29 
Mercuric  cyanide  test  for  palladium,  332 
oxide    method    for    separating    magnesia 
from  the  alkalies,  346 
Mercurous  nitrate  method  for  precipitating 
molybdenum,  278 
method  for  precipitating  tungsten,  454 
method  for  precipitating  vanadium,  467 
test  for  chromate,  132 
Mercury'  chloride  paper,  arsenic  determina- 
tion, 41 
Mercurj',  cleaning  of,  735 
detection  of,  270 

estimation,  methods  of  procedure: 
gravimetric,  electrolytic  method,  272 
Hallo  way- Eschka  method,  273 
sulphide,  precipitation,  272 
volumetric,  by  Seamon's  process,  274 
occurrence,  270 
preparation  and  solution  of  the  sample, 

ores,  270,  271 
purification  of  the  reagent,  735 
Reparation  from  members  of  subsequent 
groups,  271 
from  As,  Sb,  Sn,  Pb,  Bi,  Cu,  Cd,  Se,  Te, 

271 
from  organic  substances,  271 
solubility,  270 
Merwin  color  screens,  342 

and  Steigers'  method  for  fluorine,  183 
Metabisulphite,    gravimetric    determination 
of,  409 
volumetric  iodine  method  for,  410 
determination  in  presence  of  carbonates, 
chlorides,   sulphates,  sulphites,   thio- 
sulphates,  412 
Metallic  aluminum  and  its  alloys,  5 
silicon  and  iron  in,  1 7 
cobalt,  cobalt  in,  141,  146 
copper,  metallic,  152 
determination  of  gold,  silver,  lead,  bis- 
muth, arsenic,  antimony,  selenium, 
tellurium,  iron,  zinc,  nickel,  cobalt, 
oxygen,  sulphur,  phosphorus,  chlo- 
rine in,  167-174 
gold,  preparation  of  proof,  198 


Metallic  iron  (and  steel).      Sec  index  for 
Iron  and  Steel  Anal>'sis. 
technical  determinations  of  carboii,  man- 
ganese,   phosphorus,    silicon,    sul- 
phur in,  223-232 
chromium,     cobalt,     nickel,     titanium, 
tungsten,  vanadium.     See  Iroa  and 
Steel  Analysis, 
lead,    determination   of   silver,    bismuth, 
copper,  cadmium,  arsenic,  antimony, 
tin,  iron,  cobalt,  nickel,  manganese, 
zinc  in,  248-252 
nickel,  cobalt  in,  146 
platinum,  328 

silver,  preparation  of  pure,  384 
zinc  in  zinc  dust,  487 

impurities,  lead,  iroD,'cadmiiun  in  spelter, 
489-492 
Metallurgist,  96 
Metals.     See  Metallic. 
Metaphosphoric  acid,  test  for,  310 
Meter,    wet   meter,    rotameter,    capometer, 
Thomas   electric   meter,   orifice   meter, 
anemometer,  689-692 
Methane,  determination  of,  704,  705 
Methyl  borate,  distillation  of  boron  as,  74 
Methyl  orange  indicator,  26,  301,  499,  500 

red  indicator,  uses  of,  499 
Metzel  and  Vortman,  method  for  antimon.v, 

23 
Meyer's  apparatus  for  zinc   determination 

(Figs.  72,  73,  74),  488 
Microchemical  examination  of  crystals  for 

tantalic  and  columbic  acids,  455 
Microscopical  test  of  lubricating  oUs,  5S0 
Milk,  boron  in,  73 
Mine  gases,  carbon  dioxide  in,  726 
Mineral  analysis  of  water,  545 

residue  in  water,  555 
Minerals,  decomposition  of,  for  determina- 
tion of  lead,  234 
detection  of  tungsten  in,  44S 
Mineral  salts  in  burning  oils,  571 
Minerals,  tests  for  gold  in,  192 

See  list  under  dominating  elements  con- 
tained in.  Part  I 
Mispickel,    preparation   for   arsenic    deter- 
mination, 33 
Mixtures,  sodium  and  potassium  carbonates 

and  hydrates,  531 
Mohr's  alkalimeter,  106 
method  (modified)  for  antimony,  27 
for  arsenic,  39 
for  clilorine,  126 
for  iodine,  207 
Moir's  method  for  gold,  197 
Moisture  in  air,  292,  502,  728,  736 
in  arsenic,  commercial,  47 
in  bauxite,  15 
in  brimstone,  415 
in  butter  and  fats,  599,  600 
in  coal,  674 
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Moisture  in  gases,  731 

in  nitrate  of  soda,  303 

in  oils  (burning),  571,  600 

in  paints  and  paint  pigments,  611,  630, 
631,  632,  634,  637,  638,  639,  640 

in  phosphate  rock,  310 

in  silicate  of  soda,  374 

in  silicates,  369 

in  sodium  fluoride,  188 

in  zinc  pulp,  478 
Molybdate  method  for  lead,  gravimetric,  237 

volumetric,  239 
Molybdenite,  comparison  with  graphite,  275 
Molybdenum,  detection,  general  procedure, 

275 
tests  with  sodium  thiosulphate,  sulphur 

dioxide,   disodium  phosphate,   sul- 
phuric acid,  275 
estimation,  general  procedures: 

gravimetric,  lead  molybdate  method,  278 
mercurous  nitrate,  precipitation  by, 

278 
molybdenum  sulphide  method,  279 
volumetric,  iodometric  reduction  meth- 
od, 280 
zinc  reduction  with  Jones'  reductor, 
281 
determination  in  presence  of  vanadium, 
282,  471 
occurrence,  275 

preparation  and  solution  of  the  sample, 
ores,  276 
iron  and  steel,  276 
separation  from  iron,  276 

from  alkali'^s,  alkaline  earths,  bismuth, 
cadmium,    copper,    lead,    arsenic, 
titanium,  vanadium,  tungsten,  phos- 
phoric acid,  277 
solubilities,  276 
Monazite,  decomposition  of,  416 
Morgan-Cahen-Little,  arsenic  det.  in  organic 

matter.  ;i2 
Morphine  test  for  titanium,  432 
Mortar,   standard   sand,   water,   percentage 
for  (table),  645 

Naphthalene  in  gas,  718 

Naphthylamine  acetate  reagent,  538 

National    Brass    and    Copper    Tube    Co., 
method  for  brass  analysis,  1 74 

National  Lead  Co.,  method  (modified),  for 
metallic  lead  analysis,  248 

Natural  cement,  U.  S.  Gov.,  specifications 
for  fineness,  642 

Nehr's  separation  of  arsenic,  35 

Neon  in  the  atmosphere,  292 

Nephelometric  method  for  silver,  384 

Nessler  jars  for  colorimetric  titanium  deter- 
mination, 442 

Nessler*s  method  for  ammonia,  537 
test  for  ammonia,  291 

Newton,  method  for  titanium,  437 


New  York  State  Hoard  of  Health  tester  for 

oil,  567 
Nickel,    detection    of,    hydrogen    sulphide 
test  283 
dimethylglyoxime    and     alpha    benzildi- 

oxime  tests,  283 
estimation,  general  procedures: 
gravimetric,  alpha  benzildioxime  method, 
286 
dimethylglyoxime  method,  287 
electrolytic  method,  289 
volumetric  method  of  Parr  and  Lindgren, 
290 
estimation,     special     procedures,    nickel- 
plating  solutions,  290 
determination  in  alloys,  German  silver, 
669 
in  copper,  169,  170 
in  German  silver,  669 
in  metallic  lead,  252 
preparation  and  solution  of  the  sample, 
general  procedure  for  ores,  284 
metallic  nickel  and  its  alloys,  284 
separation  from  alkalies,  alkaline  earths, 
and  members  of  the  hydrogen  sul- 
phide group,  285 
from  aluminum,  chromium,  cobalt,  iron, 
manganese,  zinc,  285,  286 
solubilities,  284 
Nickel-plating    solution,    determination    of 

nickel  in,  290 
Niobium.     See  Columbium,  448 
Nitrate,  standard  solution  of,  540 
of  soda,  analysis  of,  moisture,  insoluble 
matter,    sodium    sulphate,    iron    and 
aluminum    oxides,    lime,    magnesia, 
sodium  chloride,  carbon  dioxide,  303 
Nitrates,  removal  of,  in  sulphur  determin- 
ation, 395 
Nitric  acid,  complete  analysis  of,  512-515 
determination  of  acidity,  chlorine,  hydro- 
chloric acid,  iodine,  nitrous  acid,  sul- 
phuric acid,  512-515 
arsenic  in,  44 

by  ferrous  sulphate  method,  515 
in  arsenic  acid,  ferrous  sulphate  method, 

in  hydrochloric  acid,  509 

in  commercial  nitric  acid,  514 

in  mixed  acid,  ferrous  sulphate  method, 

295 
in  oleum,  nitrometer  method,  309 
in    phosphoric    acid,    ferrous    sulphate 

method,  519 
in    sulphuric    acid,    ^ferrous    sulphate 

method,  517 
N/io    reagent    for    phosphate    deter- 
mination, 316 
Nitrite,  permanganate  method  for,  521,  523 

in  water,  538 
Nitrogen,  detection  of,  combined  as: 
ammonia,  tests  for,  291 
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Nitrogen,  ammonia,  Nesslcr's  test,  291 
nitric  acid,  copper  lest  for,  292 
diphenylamine  test  for,  292 
ferrous  sulphate  test  for,  291 
phenolsulphonic  acid  test  for,  292 
nitrous  acid,  acetic  acid  test  for,  292, 

permanganate  test  for,  292 
organic  nitrogen,  291 
estimation,    free,    combined,    and    total 
nitrogen,  292 
combined  nitrogen,  methods  for: 

ammonia,  gravimetric  determination 
of,  296 
combined  and  free,  volumetric  de- 
termination, 297,  536, 537 
traces,  299,  536,  537 
ammoniacal  liquor,   analysis  of,   de- 
termining carbon  dioxide,  hydro- 
chloric acid,  hydrogen  sulphide, 
sulphuric  acid,  ammonia,  298,  299 
nitrate  of  soda,  303 
nitrates,   Devarda  method  modified, 

300 
as  nitrate  in  water,  539 
as  nitric  acid,  gravimetric  method  as 
nitron  nitrate,  299 
volumetric,  300 

complete  analysis  of   (see  subject 
above),  512 
as  nitrite  in  water,  538 
as  organic  nitrogen  in  water,  537 
nitrogen  in  green  pigments,  640 
in  organic   matter,   nitrates  being 

absent,  294 
in   organic  matter  in  presence  of 

nitrates,  295 
in  soil  extracts,  304 
free  nitrogen.     Sec  Gas  Analysis,  706 
per  cent  of,  in  air,  292 
tctroxide  in  gas,  726 
occurrence,  292 

preparation    of    the    sample,    ammonium 
salts  and  mixtures,  295 
nitrates  in  soils,  nitric  acids  and  mixed 

acids,  295 
organic  substances  in   presence  or  ab- 
sence of  nitrates,  294,  295 
separations,  ammonia,  isolation  of,  295 
nitric  acid,  isolation  of,  296 

removal  of  impurities,  nitrous,  chro- 
mic,    hydrobromic,     hydroiodic 
aci((s,  2q6 
solubilities,  293 

special    methods,   nitrometer   method   for 
nitrates  and  nitrites,  305 
nitrometer  of  Dupont,  306 
nitric  acid  in  oleum,  309 
Nitron  nitrate  method  for  nitric  acid,  296,  299 
Nitrometer,  305,  306 

gas  analysis,  Fig.  136,  732 
Nitroso-beta-naphthol,   precipitation   of  co- 
balt with,  143 


Nitrous  acid,  decomposing  of  iodides  with,  206 
permanganate  method  for,  520 
and  lower  oxides  in   nitric  acid,  514, 

in  oleum  and  mixed  acids,  524 
gas,  generation  of,  80,  1 23 
removal  of,  from  nitric  acid,  296 
oxide  in  gas,  726 
Non-drying  oils,  list  of,  602 
Normal  consistency  of   cement,  method  of 
determination,  644 

Occurrence.    See  under  element  in  question. 
Odor  test  of  water,  535 
Offerman's  method  for  fluorine,  182 
Oils,  fats,' waxes,  examination  of  unknown 
oil,  566 
detection  of  oils  in  i>aint  vehicles,  612 
classified    list,    characteristics,   and  con- 
stants of  oils  (tables),  603-606,  616 
examination  of: 
animal  and  vegetable  oils,  580 
general  test  for,  590 
acetyl  value,  591 
antifluorescence,  test  for,  591 
bromine  number,  586 
elaidin  test,  582 
iodine  number,  583 
Hanus's  method,  584 
Hiibrs  method,  585 
in  oxidized  oils,  586 
Maumen^  test,  582 
refractive  index,  581 
saponification  value,  587 
unsaponifiable     oils,   detection  of, 

588 
Valenta  test  for,  681 
special  tests  for  certain  oils,  591 
cottonseed  oil,  Becki's  test  for,  59: 

Halpen's  test  for,  592 
drying  on  glass,  598 
free  acid  in,  596 
linseed  oil,  hcxabromide   test  for, 

593 
peanut  oil,  Renard's  test  for,  594 
rapeseed  oil,  Bech's  test  for,  595 
rosin   oil,    Liebermann-Storch  test 

for,  595 
sesam^  oil,  Baudoin's  or  Camoins 
,         test,  595 
spontaneous  combustion   test, 

Mackey's  apparatus,  596 
titer  test,  598 
fats,  edible,  599 
butter,  examination  of,  599 
lard,  600 
hardened  oils,  601 

miscellaneous  oils  and  lubricants,  601 
paint  oils  (see  under  Paints  and  Paint  Pig- 
ments), 612 
Chinese  wood  oil,  tung  oil  (see  subject 
under  Paints),  613-615 
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Oils,  paint,  acid  number,  heating  test,  iodine 
jelly  test,  iodine  number,  refrac- 
tive index,  saponification  number, 
unsaponifiable    matter,    specific 
gravity,  standards  of,  613-615 
turpentine  (see  subject  under  Paints), 
617,618 
color,  distillation,  polimerization,  re- 
fractive index,  specific  gravity, 
standards  of,  617,  618 
varnish  (sec  subject),  618-620 
petroleum  products,  567 
burning  oils,  567 

acidity, 'detection  of,  571 
color  of,  572 
distillation  test,  569 
fire  test,  568 
flash  test,  567 
mineral  salts  in,  571 
specific  gravity  of,  569 
sulphuric  acid  test,  571 
sulphur  determination  in,  570 
water  in,  571 
lubricating  oils,  572 
carbon  residue  test  for  in,  579 
caoutchouc,  test  for  in,  578 
evaporation  test  of,  575 
fatty  oils,  test  for  in,  578 
fire  test  of,  577 
flash  test  of,  576 
friction  test  of,  580 
gasoline  test  of,  579 
gumming  test  of,  578 
microscopical  test  of,  580 
soap,  detection  of  in,  578 
sp)ecific      gravity      of,      hydrometer 
method,  569 
Westphal  balance  method,  569 
viscosity,  572 
absolute  method,  575 
Engler's  viscosimeter,  572 
Saybolt  viscosimeter,  573 
Universal  viscosimeter,  573 
Oil  in  black  pigments,  640 
Oils,  reagents  used  in,  607 
tables   of  characteristics   and   constants, 
fatty  acids,  603 
mineral  oils,  properties  of,  601 
vegetable  and  animal  oils,  604,  605 
waxes,  601,  606 
viscosity  conversion  tables,  607 

Saybolt,  Engler,  and  Redwood  times, 
607 
Oleum,  complete  analysis  of,  522 
acidity,  lower    oxides,    nitric   acid,    sul- 
phuric anhydride  in,  522-524 
table  of  equivalents,  526 
Olsen,  chapter  on  analysis  of  alloys,  659-671 

test  for  fluorine,  177 
Optical  pyrometer  (Fig.  107),  684 
Ores.    See   under  Preparation  of  Samples 
of  Various  Elements. 


Orifice  meter,  692 

Organic  matter,  arsenic  determination  in,  32, 

45 
decomposition  of  for  determination  of 

antimony  in,  21 
for  determining  barium,  51 
boron,  73 
brominQ,  79 

chlorine  and  the  halogens,  1 21-12  2 
Carius  method  for  halogens  in,  121 
lime  method  for  halogens  in,  122 
sodium  peroxide  method  for  hal- 
ogens in,  122 
fluorine,  178 
iodine,  201 
determination    of    carbon    in    organic 
matter,  1 01-103 
nitrogen,  293 

phosphorus  in  baking  i>owder,  313 
potassium  in  soils,  fertilizers,  plants, 

343»  344 
organic  matter  in  water,  541,  543 

Orsat  apparatus  (Fig.  120),  modified  (Fig. 

i3i)»  697,  723 
Osmium,  detection  of,  337 

estimation,  gravimetric  methods  for,  338 
occurrence,  337 

preparation  and  solution  of  the  sample,  338 
properties,  337 
Owen-Bradbury  method  for  alkali  carbonates 
and  hydrates  in  presence  of  each  other, 
531 
Owens,  chapter  on  Rare  Earths,  112 
on  Thorium,  416, 
on  Zirconium,  494 
Oxalate  method  separation  of  alkaline  earths 

from  the  alkalies  and  magnesium,  53 
Oxalates  of  the  rare  earths,  outline  for  sep- 
aration of,  117 
Oxalic  acid  method  for  persulphates,  406 
Oxidation  methods  for  determining  iron,  215 
in  platinum  salts,  325 
test  for  vanadium,  463 
Oxide,  estimation  of  elements  as.    See  index 
of  following  elements:   Aluminum,  bis- 
muth, chromium,  cobalt,  copper,  iron, 
lead,  manganese,  molybdenum,  nickel, 
silicon,  sulphur,  tin,  titanium,  tungsten, 
columbium    and    tantalum,    uranium, 
vanadium,  zinc,  zirconium. 
Oxides  of  cobalt,  141,  145 
copper,  151,  162 
iron,  210,  211 

thorium,  417  ^ 

titanium,  433  " 

tungsten,  449 
uranium,  459 
vanadium,  465 
zirconium,  495,  496 
Oxidized  oils,  iodine  number  of,  586 
Oxygen  consumed  in  water  (organic  matter 
in),  541 
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Oxygen  cylinders,    illustrating    method    of 
connecting,  680 
determination  of,  in  air,  absorption  with 
phosphorus,  702 
potassium  pyrogallate,  703 
sodium  pyrogallate  (note),  702 
in  copper,  172 

in  gas,  292,  698,  700,  702,  703,  704 
dissolved  in  water,  556 
explosion  with  hydrogen,  703 

Paints  and  Paint  Vehicles,  analysis  of  (see 
Outline  in  Table  of  Contents),  609 
pigments,  classification  of,  621 
black  pigments,  analysis  of,  640 
blue  pigments,  analysis  of,  637 

Prussian  blue,  Chinese  blue,  Antwerp 

blue,  638 
sublimed  blue  lead,  638 
ultramarine  blue,  637 
green  pigments,  analysis  of,  639 

chrome  green,  639 
red  and  brown  pigments,  634 
iron  oxides,  637 
red  lead,  orange  mineral,  634 
vermilion,  636 
yellow  and  orange  pigments,  chrome  yel- 
low, American  vermilion,  basic  lead 
chromate,  639 
white  pigments,  622 
barytes  and  blanc  fixe,  632 
composite  white  paint,  633 
corroded  white  lead,  625 
lithopone,  630 
silica,   silcx,   China     clay,   asbestine, 

631 
sublimed  white  lead,  632 
whiting,  Paris  white,  632 
zinc  lead  and  leaded  zinc,  626 
zinc  oxide,  627 
vehicles,  610 

liquid,  percentage  of,  610 
separation  of  components,  61 1 
resinates,  detection  of,  612 
oils,  detection  of,  iodine  number,  612 
Chinese  wood  oil,  or  tung  oil  (see  under 

Oils,  Fats,  Waxes),  613-615 
constants  for  various  oils,  615,  616 
turpentine,  examination  of  (see  details 
under  subject  turpentine),  617,618 
varnish,  examination  of  (see  details  under 

subject,  Varnish),  618-620 
other  materials,  620 
Palladium,  detection  of,  332 

estimation,  gravimetric  methods,  ^ss 
properties  of,  ^$2 

separation  from  gold  and  silver,  $^$ 
from  iridium  and  platinum,  ^a 
Palladous  chloride  reagent,  735 

iodide,  method  for  determining  iodine,  203 
Palmer  and  Allen  modified  Gutzeit  method 
for  arsenic,  40 


Paris  white,  paint  pigment,  632 

Parr  and  Lindgren's  method  for  nickel,  29 

Parrodi-Mascazzini  electrolytic  method  : 

antimony,  modified,  24 
Parsons  and   Barnes'  method   for  gludnu 

190 
Pat  for  determining  setting  time  and  sour 

ness  in  cement,  646 
Pats  showing  sound  and    unsound    cemei 

after  steaming,  646 
Patterson,  determination  of  manganese,  26 
Peanut  oil  (see  under'Oils,  Fats,  Waxes),  5« 
Pechard's    process    for    separating    moly 

denum  from  tungsten,  453 
Pelouze,  traces  of  lead,  243 
Perchlorate,  detection  of,  119 
determination  of,  128 
method  for  determining  potassium,  351 
Perchloric  acid,  determination  of,  1 28 

of  in  presence  of  hydrochloric  acid  an 
chloric  acid,  1 29 
Periodates,  determination  of,  208 
and  iodates,  determination  of  in  a  mixture 
208 
Permanent   standards   for   ammonia  deter 

mination  in  water,  539 
Permanganate  N/io  reagent,  219 
test  for  nitrite,  292 
titration  of,  antimony,  28 

barium,  59 

bismuth,  68 

calcium,  92,  549 

chromium,  137 

gold,  195 

iron,  17,  18,  218,  322,  490,  547,  651 

manganese,  228,  264.  266,  550 

molybdenum,  281,  282 

nitrous  oxides,  514,  520,  523 

phosphorus,  229,  317 

titanium,  437 

uranium,  461 

vanadium,  469-471,  475 

water  for  oxygen  consumed,  541 
Persulphate  of  ammonium  method  for  ro*n- 

ganese,  267 
Persulphates,  ferrous  sulphate  method  for 
determining,  406 
oxalic  acid  method  for  determining,  40^ 
Petroleum   products   (se?   under  Oils,  Fats 

Waxes),  567 
Phenolphthalein  indicator,  12 

preparation  of,  12,  608 

uses  of,  499,  500 
Phenolsulphonic  acid  method  for  nitrates  in 

water,  539 
reagent,  539 
Phenylhydrazine  method  for  aluminum  m 

presence  of  iron  in  titaniferous  ores,  44^ 
acetate  test  for  gold,  193 
Phloroglucid  method  for  furfurol  in  icetJC 

acid,  528 
Phosphate  baking  powder,  313 
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Phosphate,  cfTcct   on    alkaline  earth  deter- 
minations, 51 
Phosphate  rock,  decomposition  of,  312 
Phosphates  in  water,  548 
and  phosphoric  acid,  arsenic  in,  44 
t>'pical  analyses  of,  311 
Phosphor-bronze,  analysis  of,  670 
Phosphoric  acid,  effect  on  aluminum  deter- 
mination, 8 
in  phosphate  rock,  320 

removal  of  from  aluminum  solutions,  6 
Phosphorus,  detection  of  h>'pophosphorous 
acid,  310 
meta  phosphoric  acid,  310 
ortho  phosphoric  acid,  310 
phosphorus  acid,  310 
pyro  phosphoric  acid,  310 
estimation,  methods  of  procedure,  general, 

311 
gravimetric,  direct  precipitation  of  am- 
monium magnesium  phosphate,  315 
as  magnesium  pyrophosphate,  315 
as  phosphomolybdate,  314 
volumetric  methods,  alkali  titration  of 
phosphomolybdate,  316 
permanganate    titration    of    reduced 
phosphate,  317 
estimation,  special  methods,  determination 
of  in  iron  and  steel,  229 

in  manganese,  phosphorus,  bronze, 
670 
occurrence,  3 1 1 

preparation  of  the  sample,  iron  ores,  phos- 
phate rock,  minerals,  titanium-bearing 
ores,  iron  and  steel,  soluble  phosphates, 
baking  powder,  313 
separation  of  phosphorus  as  ammonium 
phosphomolybdate,  313 
Phosphorous  acid,  test  for,  310 
Phosphorous  method  for  det.  oxygen  in  gas, 
702 
pentoxide  absorption  bulb   for  moisture 
in  gases  (Fig.  134),  731 
Physical  tests  of  water,  534 

testing  of  cement,  642 
Pierce  method  for  selenium,  364 
Pig  iron,  arsenic  in,  ^:i 
Pigments  of  paint  (see  under  Paint  and  Paint 

Pigments),  621 
Pipettes  for  gas  analysis,  693 
Pisani's  method  for  silver,  384 
Pitman  on  Du  Pont  nitrometer  (ref.),  306 
Pitot  tube  (Fig.  113),  690 
Plaster  of  Paris,  89 

Platinum,  detection,  general  characteristics 
of  element,  324 
tests   with    ammonium    chloride,    ferrous 
sulphate,  formic  acid,  hydrogen  sul- 
phide, metals,  oxalic  acid,  potassium 
chloride,  and  iodide,  etc.,  324 
estimation,  general  procedures: 

gravimetric  method,  by  electrolysis,  329 


Platinum,   estimation,  gravimetric  method: 
weighing  as  metallic  platinum,  328 
weighing  as  a  salt,  329 
occurrence,  325 

preparation  and  solution  of  the  sample, 
ores,  326 
platinum  scrap,  326 

small  amounts  of  platinum  in  presence 
of  large  amounts  of  iron,  magnesia, 
etc.,  326 
properties  of,  324 
separation  from  gold,  327 
from  iridium,  327 
from  osmium,  328 
from  palladium,  327 
from  rhodium,  328 
from  ruthenium,  328 
solubility  of  the  element,  325 
special  methods,  platinum  ores,  329 

assay  methods  for  platinum  ores,  340 
substances  examined  for  platinum,  325 
Platinum  metal  group,  330 
Polymerization  in  analysis  of  turpentine,  617 
Polymerized  oils  and  resins,  separation  of,  619 
Portland  cement,  analysis  of,  650-653 
rapid  method  of  analysis,  653 
U.S.  Gov.  specifications  for  fineness,  642 
Potassium,  detection  of,  341 
estimation,  general  procedures: 
gravimetric,  chlor-platinate  method,  349 
modified,  350 
indirect  method,  352 
Lindo-Gladding  method,  351 
perchlorate  method,  351 
special  methods,  alkali  determination  in 
silicates,  J.  Lawrence  Smith  method, 

.  355 
lithium,    potassium    and    sodium    in 

presence  of  one  another,  355 

magnesium,  potassium  and  sodium  in 

presence  of,  352 

preparation  of  the  sample,  fertilizers,  soils, 

plant  ash,  saline  residues,  soluble  salts, 

rocks  and  insoluble  mineral  products, 

343,  344 
separation  from  the  hydrogen  sulphide  and 
ammonium  sulphide  groups,  344 
from  aluminum,  chromium,  iron,  barium, 
calcium,  strontium,  phosphoric  and 
sulphuric  acids,  etc.,.  in  one  oper- 
ation, 346 
from  aluminum,  chromium,  iron,  tita- 
nium, uranium,  phosphoric  acid,  345 
from  barium,  calcium,  strontium,  345 
from  boric  acid,  346 

from  magnesium,  ammonium  phosphate 
method,  347 
barium  hydroxide  method,  346 
mercuric  oxide  method,  346 
from  sulphates,  345 
alkali  metals  from  one  another,  347 
potassium  from  sodium,  347 
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Potassium,  separation,  potassium  and  sodium 
from  lithium,  347 
potassium,  rubidium,  and  caesium  from 
lithium  and  sodium,  347 
Potassium  antimonyl  tartrate  standard  solu- 
tion, 29 
bromate  solution  N/io,  25 
method  for  antimony,  25 
bromide,  crude,  analysis  of,  82 
and  sodium  carbonates  and  hydrates,  in 
presence  of  one  another,  determina- 
tion of,  531 
acid   sulphate   (bisulphate),   fusion   with, 
212,  284 
fusion  of  monazite,  416 
carbonate,  fusion  with,  212 
chloride  test  for  platinum,  324 

test  for  iridium,  325 
cyanide  method  for  copper,  164 
dichromate  method  for  iron,  216 
ethyl  xanthate  method  for  small  amounts 

of  copper,  165 
ferricyanide  test  for  ferrous  iron,  210 
ferrocyanide  reagent,  480,  482,  484 

test  for  ferric  iron,  210 
fluoride  method  for  alumina  in  aluminum 
salts,  12 
reagent,  12 
hydroxide,  test  for  iron,  210 
test  for  rhodium,  336 
test  for  ruthenium,  334 
iodide  method  for  bismuth,  870 
for  chromium,  137 
for  copper,  163 
for  selenium,  364 
test  for  palladium,  332 
for  platinum,  324 
for  tellurium,  364 
nitrite  method  for  cobalt,  143 
standard  solution,  300 
test  for  cobalt,  140 
for  palladium,  333 
for  rhodium,  336 
permanganate.     See  Permanganate, 
method  for  phosphorus,  317 
N/io  solution,  317 

reagent  oxygen  consumed  in  water,  541 
pyrogaliate,  det.  oxygen  with,  703 

reagent  for  gas  analysis,  735 
sodium  and  magnesium,  determination  of 

in  presence  of  one  another,  352 
sulphate,  estimation  of  potassium  as,  349 
sulphocyanate,  test  for  cobalt,  140 
for  iron,  210 
Praseodymium,  112,  113 

isolation  of,  115 
Precipitation  apparatus  for  sulphur  deter- 
mination (Fig.  61,  62),  397 
Preliminary  tests  for  alkaline  earths,  52 
Preparation  and  solution  of  the  sample.     See 

chapter  on  element  in  question. 
Preservatives  in  butter,  600 


Pringsheim*s  method  for  halogens  in  organic 

matter,  122 
Prister's  method  for  gold,  197 
Producer  and  fuel  gases,  711 
Proof  gold,  preparation  of,  198 
Properties  of  compounds;  Part  III  table,  803 
of  elements  and  compounds.     See  chapter 
of  element  in  question. 
Prussian  blue,  638 
Pulp,  zinc,  moisture  in,  478 
Pumps,  suction,  688 
Pyrites  ores,  89,  150,  234,  258 
Pyrogaliate  of  potassium,  reagent,  735 
Pyrophosphoric  acid,  test  for,  310 

Quartering  coal  (Fig.  103),  673 

Radioactivity  of  thorium,  416 
Rammelsberg  method  for  determining  lith- 
ium, 354 
Rapeseed  oil,  595 
Rapid    methods    for    copper    (electrolytic 

determination),  157 
Rare  earths,  detection  of,  112 
estimation,  gravimetric,  115 
occurrence  of,  113 
preparation  of  the  sample,  114 
separation,  chart  for,  117 
from  iron,  aluminum,  thorium,  114 
from  other  elements,  115 
Rarer  elements  of  the  allied  platinum  metals, 

330 
Raschig's  method  for  sulphur,  405 
Rathke,  loss  of  selenium  (note),  360 
Reactions.     See  method  in  question  undo 

title  of  element. 
Reagents: 
acid  mixture  for  silica  determination  in 

aluminum,  16 
alcohol  for  oil  analysis,  607 
alizarine  S  for  aluminum  determination,  14 
alkaline  potassium  permanganate  for  det 
of  albuminoid  ammonia,  537 
tartrate  solution,  lead  det.,  244 
alpha-benzil-dioxime,  nickel  det.,  300 
anunonium  acetate,  lead  extraction,  242 
ammonium  chloride  solution  for  det  of 
ammonia  in  water,  536 
citrate  solution,  lead  det.,  244 
molybdate  solution,  vol.  det.  of  lead,  239 
det.  of  phosphorus,  313 
'  of  phosphorus  in  water,  548 
oxalate  solution,  oxygen  consumed  in 

water  analysis,  541 
persulphate  for  manganese  det.,  550 
sulphocyanate  sol.,  colorimetric  method 
for  iron,  222,  490 
amino-nitrosophenyl-hydroxylamine     soL 

for  det.  iron,  214 
antimonyl    chloride,    standard   antimony 
solution,  25 
standard  solution,  41 
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Reagents,  arsenite,  N/io  solution,  28,  204    • 
arsenous  acid  solution,  det.  manganese,  268 
Baudisch's  reagent  for  det.  iron,  214    . 
benzidine  hydrochloride  for  det.  sulphates, 

40s,  55} 
benzoic    acid    standard,    acidimetry   and 

alkalimetry,  504 
bismuth  standard  solution  for  det.  bis- 
muth, 69,  70 
bismuthate  of  sodium  for  det.  manganese, 

263 
bromine-pK)tassium-bromide  sol.  for  oxidiz- 
ing sulphides,  396 
bromine,  607 
cadmium  chloride  sol.  evolution  method  for 

sulphur,  299 
calcium  chloride  sol.  for  det.  hardness  in 

water,  558 
carbon  dioxide,  preparation  of,  24 
caustic  standard  solution,  acidimetry  and 

alkalimetry,  504 
chlorine  water  standard  solution  for  det. 

bromine,  81 
chromic  acid  for  det.  SQ^  in  gas,  723 
citric  acid,  solution  for  calcium  det.,  90 
cinchonine  potassium  iodide,  colorimetric 

det.  of  bismuth,  69,  70 
color  solution  for  det.  traces  of  lead,  244 
color  solution  permanent  standard  for  det. 

nitrites  in  water,  439 
for  det.  fluorine,  184 
copper  standard  solution,  copper  analysis, 

163,  165,  166 
copper  sulphate   standard   solution,   det. 

hydrocyanic  acid,  1 10 
cupferron  reagent  for  det.  iron,  214 
cupric  pK)tassium  chloride  for  separation 

of  carbon  from  steel,  95 
cuprous  chloride,  acid,  for  det.  CO  in  gas, 

724 
ammoniacal  for  det.  CO  in  gas,  734 
Devarda  alloy  for  reduction  of  nitrates,  300 
dichromate  of  potassium  N/io  and  N/5 

solutions  for  iron  det.,  216 
dimethylglyoxime  reagent  for  nickel  det., 

287 
diphenylcarbazidc  for  chromium  det.,  132 
reducing  mixture  for  sulphates,  evolu- 
tion method,  400 
ferric  ammonium  sulphate,  for  titanium 

det,  438 
ferric  chloride  solution  for  det.  tin,  430 
chloride  solution  for  det.  tin,  430 
indicator  for  det.  chromates,  125 
for  Volhard's  method  for  silver,  378 
nitrate  solution  for  zinc  analysis,  482 
ferricyanide   of   potassium   indicator   for 

iron  titration  217 
ferrocyanide  of  potassium  standard  solu- 
tion, zinc  analysis,  480,  482,  484 
ferrous  ammonium   sulphate   for  iron  in 

water,  547 


Reagents,  ferrous  sulphate  for  nitric  acid 
test,  291 
N/io  sol.,  for  det.  barium,  59 
reagent  for  manganese  det.,  263 
for  det.  nitric  acid,  516 
fluorine,  standard  solution  for  fluorine  det., 

184 
fuming  sulphuric  acid,  734 
gas  analysis  reagents,  list  of,  734 
glacial  acetic  acid,  see  Oils,  Fats,  Waxes. 

Reagents,  607 
glycerol,  det.  boric  acid,  77 
hydrochloric  acid,  preparation  of  arsenic, 
free,  43 
for  oil  analysis  N/2,  608 
standard  solution,  504 
hydrogen  peroxide  for  titanium  det.,  440 
for  gas  analysis,  734 
for  water  analysis,  550 
iodate  N/io  solution  for  det.  iodine,  206 
iodide  sol.  for  det.  oxygen  in  water,  556 
iodine  N/io  reagent,  28 
for  oil  analysis,  608 
solution  for  det.  tin,  427 
iron  standard  solution  for  standardization 
of  stannous  chloride  reagent,  221, 
222 
for  col.  method  of  iron  in  spelter,  490, 
491 
iron  in  water,  547 
lead  acetate  for  molybdenum  det.,  278 
reagent  for  oil  analysis,  608 
acid  solution,  zinc  analysis,  490 
standard  solution  for  col.  det.  of  lead,  244 
magnesia  mixture  for  det.  of  phosphoru.s, 

315 
manganous  sulphate  solution  for  det.  dis- 
solved oxygen  in  water,  556 
mannitol,  boric  acid  det.,  77 
mercury  for  gas  burettes,  723,  735 
methyl  orange  indicator,  26,  301 

red  indicator,  301 
naphthylamine  acetate  solution   for  det. 

nitrites  in  water,  538 
Nessler's  solution,  ammonia  det.  in  water, 

536 

nitrate  standard  solution,  540 

nitric  acid,  pure,  1 25 

nitric  acid,  N/10  solution,  316 

nitrosulphonic    acid    for    elaidin   test  of 
oils,  608 

nitrous  acid  solution  for  decomposing  io- 
dides, 206 

oils,  fats,  and  waxes,  list  of  reagents  for 
examination  of,  607 

permanganate    solution    for    manganese 
det.,  263,  269 
X/ 10  solution  for  det.  of  iron,  219 
solution  for  det.  of  oxygen  consumed  in 
water,  541 

peroxide  solution  for  det.  titanium,  442 

phenolphthalein  indicator,  12,  608 
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Reagents,  phenolsulphonic  acid  for  del.  of 
nitrates  in  water,  539 
phosphate  standard  solution  for  phosphates 

m  water,  548 
potassium  antimonyl  tartrate  solution  for 
det.  antimony,  2q 
bromate  N/io  solution  antimony  det.,  25 
chromate  indicator,  541 
cyanide  solution  for  copper  det.,  164 
dichromate  reagent  for  iron  det.,  216 
ethyl  xanthate  for  det.  copper,  165 
ferricyanide  indicator  for  iron  det.,  217 
ferrocyanide  for  det.  copper,  166 

for  zinc  det.,  482 
fluoride  for  free  acid  in  aluminum  salts, 

12 
hydrate  for  oil  analysis,  608 
iodide  for  det.  bismuth,  70 
nitrate  standard,  300 
permanganate  N/ 10  sol.,  317 
proof  gold,  preparation  of,  iq8 
pyrogallate  of  potassium  for  oxygen  det. 

in  gas,  735 
reducing  agents,  62,   128,   132,  149,  215, 

325.  358,  359 
salicylic  acid    reagent  for  traces  of  iron 

det.,  22^ 
salt  solution  for  chlorine  det.  in  water,  541 
silver  nitrate,  N/io  solution,  125,  126 
solution  for  det.  chlorine  in  water,  541 
preparation  of  the  pure  metal,  384 
standard  solution,  378 
soap  standard  solution  for  det.  hardness 

in  water,  558 
sodium  arsenitc.     See  Arsenous  Acid, 
bismuthate  for  det.  manganese,  263 
carbonate  standard  solution  for  CC^  det. 
in  water,  553 
preparation  of  pure  salt,  501 
hydroxide,  N/io  solution,  316 

for  Devarda  method,  301 
or  potassium  hydroxide  reagents,  water 

analysis,  540 
metabisulphite,  method  of   production, 

.    .247 
nitrite  solution,  nitrite  det.  in  water,  538 
hydroxide,  det.  nitrates  in  water,  540 
thiosulphate  N/ioo  solution,  water  an- 
alysis, 556 
for  pot.  iodide  method  for  copper,  163 
N/io  solution,  204,  608,  635 
stannous  chloride  solution  for  det.  ferric 

iron,  217,  221 
starch  solution,  205,  399,  556,  608,  635 
sulphanilic  acid  solution  for  det.  nitrites  in 

water,  538 
sulphocyanate  for  colorimetric  det.  of  iron, 

222,  490 
sulphuric  acid  standard  solution,  502 

for  ammonia  det.,  300 
tartrate,    alkaline    solution    of,    for    det. 
traces  of  lead,  244 


Reagents,    tannin     indicator,     Alexandcr*s 
molybdate  method  for  lead,  239 
thiocyanate  of  ammonium  or  potassium 

N/io  solution,  125 
thiosulphate  of  sodium  for  det.  of  copper, 
163 
N/io  solution,  204 
tin,  standard  solution  of,  427 
titanium,  standard  solution  of,  for  fluorine 
det.,  184 
for  titanium  det.,  440,  442 
thymol  solution  for  titanium  det.,  445 
Wagner's  solution,  calcium  det.,  90 
Red  lead  method  for  manganese,  268 
Reduction  of  iron  compounds,  method  for,  21 5 
Redwood,  viscosity  of  oils  (note),  573 
Refractive  index,  animal  and  vegetable  oils, 

Chinese  wood  oil,  613 

turi>entine,  617 
Refractor>'     materials,     decomposition     for 

chromium  determination,  133 
Reich  method  for  SOb  in  gas,  apparatus  for 

(Fig.  130),  721 
Renard's  test  for  peanut  oil,  594 
Residue,  total  solid,  in  water,  542 
Resinates  in  paint  vehicles,  6ii 
Resins  and  polymerized  oils,  separation  of, 

619 
Rhodium,  detection  of,  336 

estimation,  gravimetric  methods,  337 

preparation  of  the  sample,  336 

properties  of,  336 

separation  from  platinum,  336 
from  iridium  and  ruthenium,  337 
Richard's  jet  pump  (Fig.  100),  688 
Rickett's  overflow  pipette,  380 
Riehl6   automatic   cement-testing   machine, 

(Fig.  loi),  648 
Riffle,  sampling  of  copper,  159 
Roark  and  McDonnell,  arsenic  separation,  S5 
Robert's  analysis  for  copper  and  lead,  175 
Robin's  test  for  boron,  77 
Roscoe's  lead  acetate  method  for  vanadium, 

468 
Rose's  method  for  determining  bismuth,  68 

mercurous  nitrate  method  for  vanadium, 

467 

metal,  analysis  of  (see  Alloys),  663 

selenium  loss  by  heat,  360 
Rosenbladt  and  Gooch,  method  for  boron,  74 
Rosendale  cement,  analysis  of,  658 
Rosin  oil    (see   subject   under   Oils,    Fats, 

Waxes),  595 
Rotameter  (Fig.  114),  691 
Rowell's  method  for  antimony,  25 
Rubber  goods,  antimony  in,  21 
Rubidium,  detection  of,  342 

preparation  of  the  sample,  344 

separations,  347 
Rudorff' s  apparatus  for  carbon  dioxide  in 
gas  (Fig.  128),  719 
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Rudorff's  method  for  carbon  dioxide  in  gas, 

718 
Ruthenium,  detection  of,  334 

estimation,  gravimetric  methods,  335 
preparation  of  the  sample,  334 
properties  of,  336 

separation   from   platinum,   iridium,   and 
rhodium,  335 

Salas,  tin  presence  of  in  silver  determination, 

382. 
Salicylic  acid  method  for  small  amounts  of 

iron,  223 
test  for  iron,  210 
Saline   residues,   preparation  of,   for  alkali 

det.,  344 
Salt,  standard  solution  of,  541 
Sampling  apparatus  for  gas,  see  chapter  on 

Gas.  687 
Sand,  analysis  of,  374 

silica  in,  374 
Sanger,    method    for    traces    of    antimony, 

modified,  28 
Sanitary  analysis  of  water,  534^ 
Sap>onification  number  in  analysis  of  oil,  587, 

613 
Savell,  chapter  on  cobalt,  140 

on  nickel,  283 
Saybolt  viscosimeter,  573 
Saybolt  to  Engler  times  conversion  table,  607 

to  Redwood  times  conversion  table,  607 
Scale  in  water,  563 
Scandium,  112,  113 
SchaefTer  and  Gardner  chapter  on  Analysis 

of  Paints,  6oq 
Scheibler    and    Dietrich    determination    of, 

carbon  (reference),  107 
Schmatolla  titration  of  aluminum  salts  (rcf.)t 

II 
Schmitz,   method   for  antimony   in  rubber 
goods,  21 
for  magnesium  determination,  255 
Schroetter's  alkalimeter,  106 
Scott,  apparatus,  hydrogen  sulphide  genera- 
tor, 38 
evolution,   for  sulphur  determina- 
tion in  steel,  399 
(and  Briggs),  modified  Orsat  for  SO2 
gas  determination,  723 
chapters  by.     See  Table  of  Contents, 

ix-xxviii. 
methods,  fluoride  method  for  free  acid 
in  aluminum  salts,  1 2 
lead,  determination  of  traces  by  ace- 
tate extraction,  241 
(and    Bowman),    nitric    acid,    deter- 
mination of,  with  ferrous  sul- 
phate, 515 
sulphur,  combustion  method  for,  402 
modified  evolution  method,  398 
Seamon's  volumetric  method  for  determin- 
ing mercury,  274 


Seeker-Clayton  method,  modified,  for  det. 

traces  of  lead,  243 
Selenium,  detection  of,  358 
estimation,  gravimetric  methods: 
reduction  with  potassium  iodide,  364 
by  reduction  with  SO2,  362 
volumetric  method,  365 
occurrence,  359 

preparation  and  solution  of  the  sample,  360 
separation  of  selenium  and  tellurium  from 
iron,  zinc  and  other  members  of  the 
group,  and  from  the  alkalies  and  al- 
kaline earths,  360 
from  copper,  cadmium,  bismuth,  silver, 

and  gold,  361 
from  tellurium  by  Keller's  method  and 
by  distillation  method,  361 
and  tellurium,  determination  of  in  copper, 
170,  171 
apparatus  for  separating  (Fig.  57),  362 
solubilities,  360 
Semi-drying  oils,  list  of,  602 
Separations.     See  under  name  of  element  to 

be  isolated. 
Separatory  funnel  and  graduate  (Fig.  130), 

692 
Sesamd  oil  (see  under  Oils,  Fats,  Waxes),  595 
Setting  time  for  cement,  645 
Shields'  formula,  711 

Shimer's  combustion   apparatus  for  deter- 
mining carbon,  100 
Shimer  method  of  analysis  of  cement  rocks, 

658 
Silica  in  iron  and  steel,  371 
in  hydrochloric  acid,  510 
in  paint  pigments,  631 
in  Portland  cement,  650 
in  sand,  374 
in  sodium  fluoride,  188 
in  titaniferous  ores,  446 
in  ultramarine  blue,  637 
in  water,  546 

removal  of,  in  sulphur  determination,  395 
Silicates,    alkalies   in,    J.    Lawrence    Smith 
method,  355 
decomposition  of  for  fluorine  determina- 
tion, 178 
of  for  iron  determination,  212 
list  of,  acid-soluble  and  acid-insoluble,  369 
materials  high  in,  decomposition  for  chro- 
mium determination,  133 
Silicate  of  soda,  analysis  of,  373 
Silicon,  detection  of,  367 
errors,  causes  of,  368 

estimation,     method     of     determination, 
general  procedure,  372 
special  procedures: 

determination  in  metallic  aluminum, 
16 
combined  silicon  in  iron  and  steel, 

231,  232 
graphitic  silicon  in  aluminum,  17 
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Silicon,  occurrence,  367 
preparation  and  solution  of  the  sample, 
general  considerations,  368 
decomposition  of  silicates  with  acids,  369 
fusion  methods  for  silicates  not  decom- 
posed by  acids,  370 
methods  for  decomposition  of  carbide 
and  carborundum,  ferro-silicon,  iron 
and    steel    for    silicon,    slags   and 
roasted  ores,  sulphides  and  pyrites, 
chromium,  molyodenum  and  tung- 
sten steels,  371 
Silver,  detection  of,  375 
estimation,  general  procedures: 
gravimetric,  by  electrolytic  deposition, 

377 
as  silver  chloride,  376 

as  silver  cyanide,  377 

volumetric,  combination  methods: 

Denig^'s  cyanide  method,  383 

Gay-Lussac  method,  379 

miscellaneous  methods,  384 

nephelometric  method,  384 

Volhard's  method  with  thiocyanate, 

378 
sp>ecial  procedure  for  determimng  silver 

in  lead,  248 
occurrence,  376 
preparation  of  pure  silver,  384 
solubility,  376 
Silver  arsenate,  determining  of  in  arsenic,  40 
bromide,  precipitation  of,  80 
chloride,  precipitation  of,  1 24 
cyanide,  determination  of  silver  as,  377 
chromate  method  for  chlorine,  1 26 
iodide  method  for  iodine,  203 
nitrate  detection  of  bromine,  78 
method  for  chlorine,  1 24 

for  strontium,  390 
standard  solution  of,  541 
N/ 10  solution,  125,  126 
volumetric  method  for  alkalies,  357 
paper  for  traces  of  antimony,  29 
test  for  chlorine,  118 
thiocyanate  method  for  bromine,  81 
-ferric  alum  method  for  chlorine,  125 
Simpson's  process  for  opening  up  titaniferous 

minerals,  456 
Slag  (matte),  decomposition  of  for  copper 
determination,  151 
and  silicious  ores,  decomposition  of  for 

fluorine  determination,  178 
decomposition   of    for   manganese   deter- 
mination, 258 
decomposition  of  for  silica  determination, 

371 
Sling  psychrometer,  728 

Slow  method  for  copper  (electrolytic  det.), 

158 
Smith,  E.  F.,  electro  analysis  of  platinum,  329 
Smoke  in  chimney  gases,  71  x 
Snake  weighing  tube,  507 


Soap,  detection  of  in  lubricating  oil,  578 
Soda,  value  for  in  water  analysis,  560 
Sodium,  detection  of,  341 
estimation,  general  procedures: 
difference  method,  349 
indirect  method,  352 
sodium  chloride,  determination  as,  349 

sulphate,  determination  of,  348 
potassium  and  lithium  in  presence  of  one 
another,  determination  of,  355 
potassium  and  magnesium,  in  presence 
of  one  another,  determination  of, 

352 
estimation,  special  procedures: 

sodium  and  potassium  in  water,  551 
preparation  and  solution  of  the  sample,  343 
separation  from  potassium,  lithium,   ru- 
bidium and  caesium,  344 
Sodium  carbonate,  fusion  test  of  silicates,  367 
fusion  with,  212 
in  sodium  fluoride,  187 
or  bicarbonate,  fusion  of  silicates,  370 
determination  in  presence  of  acids  of 

sulphur,  413 
preparation  of  the  pure  salt,  501 
chloride,  arsenic  in,  45 
effect  of  in  silica  determination,  372 
estimation  of  sodium  as,  348 
det.  of  in  presence  of  suJphur  acid  salts, 

413 
in  silicate  of  soda,  374 

fluoride,  analysis  of,  187 
in  sodium  fluoride,  188 
in  sodium  nitrate,  303 
hydroxide  fusion  of  ores,  20 
of  tin  ores,  421 
test  for  platinum,  325 
N/io    reagent   for   phosphorus    deter- 
mination, 316 
metabisulphite,  alkali  titration  of,  411 
determination  in  presence  of  carbonates, 
chlorides,  sulphates,  sulphites,  thio- 
sulphates,  413 
nitrite  standard  solution,  538 
oxide,  determination  in  silicate  of  soda,  373 

in  ultramarine  blue,  637 
peroxide  fusion  for  chrome  iron  ores,  133 
method  for  halogens  in  organic  matter, 
122 
peroxide    method   for    decomposition   of 
organic  matter,  122 
fusion  of  tin  ores,  421 
test  for  iron,  210 
potassium  and  the  other  alkalies,  chapter 

on,  341 
and  potassium  in  water,  551 
pyroantimonate,  test  of  sodium  as,  341 
pyrogallate,  oxygen  det.  with  (note),  702 
sulphate,  estimation  of  sodium  as,  348 
in  sodium  fluoride,  187 
in  sodium  nitrate,  303 
test  for  strontium,  387 
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Sodium  sulphide,  available  HS  in,  407 
sulphite,  acid  titration  of,  41 2 
determination   of   in   presence   of   car- 
bonates, chlorides,  metabisulphites, 
sulphates  and  thiosulphates,  412 
thiosulphate,  detection  of  aluminum  with, 

3 
determination  of  aluminum  with,  9 

determination   of,   in  presence  of  car- 
bonates, chlorides,  metabisulphites, 
sulphates  and  sulphites,  412 
standard  solution  for  copper  determina- 
tion, 163 
N/io  solution  of,  204,  634 
test  for  molybdenum,  275 
Softening  of  water,  563 
Soils,  nitrogen  in,  304 
Solder,  antimony  in,  25 
Solenoid  apparatus,  electrolysis  of  copper,  157 
method  of  Heath  for  det.  copper,  157 
soft,  analysis  of  arsenic,  iron,  lead,  tin  and 
zinc,  661,  663 
Solids,  metals  in  acetic  acid,  529 
non-volatile  in  nitric  acid,  515 
Solubilities,  elements,  their  oxides  and  salts, 
given  under  Estimation.     See  chapters. 
Soluble  salts  in^lithopone,  631 
Soundness  or  constancy  of  volume  of  cement, 

646 
Specific  gra\dty  chart  for  sulphuric  acid,  502 
of  cement,  643 
of  gas,  718 
of  oils: 
animal  and  vegetable,  oils,  580 
burning  oils,  569 
Chinese  wood  oil,  613 
lubricating  oil,  569,  575 
turpentine,  617 
.Specifications  for  elements  in  steel,  carbon, 
225 
manganese,  228 
phosphorus,  229 
silicon,  232 
sulphur,  231 
Spectroscopic  method  for  determining  lithi- 
um, 353 
detection  of  rare  earths,  1 1 2 
Spectrum,  detection  of  barium  by  means 
of,  50 
of  cadmium,  84 
of  caesium,  342 
of  calcium,  88 
of  lithium,  342 
of  potassium,  342 
of  rubidium,  342 
of  sodium,  341 
of  strontium,  387 
of  thallium,  416 
of  zirconium,  494 
Speisses,  decomposition  of,  20 
Spelter,   impurities,  determination   of   cad- 
mium, iron,  lead,  489,  492 


Spent  oxide,  evaluation  of,  414 
Spiegel  iron,  manganese  determination  in,  268 
Spontaneous  combustion  test  of  oils,  596 
Stains,  standard  stains  for  arsenic,  41 
Standard  reagents.     See  Reagents. 
Standards  for  Chinese  wood  oil,  615 
linseed  oil,  616 
turpentine,  618 
Stannic  acid  method  for  tin  in  bichloride  by 

hot  water  precipitation,  421 
Stannous   chloride,    action   on   hydrochlor- 
platinic  acid,  325 
apparatus  (Fig.  41),  221 
method  for  iron,  221 
reduction  of  ferric  solution,  217 
test  for  mercury,  270 
Starch  solution,  preparation  of,  205,  399,  556 
Stas  overflow  pipette,  380 
Stead's  method  for  separation  of  arsenic,  33 
Steel,  elements  det.  in.     See  Iron  and  Steel 

Analysis. 
Steels  with  chromium,  molybdenum,  tung- 
sten and  vanadium,  decomposition  of 
for  silica  det.,  371 
Steiger's  method  for  determining  fluorine,  183 
Stolba,  Franz,  volumetric  method  for  cerium, 

116 
Stromayer  and  Rose,  separation  of  barium 

from  calcium  and  strontium,  54 
Strontium,  detection  of,  general  procedure, 
flame  test,  sodium  sulphate  test,  spec- 
trum, 387 
estimation,  general  procedures: 
gravimeric,  as  carbonate,  389 
as  oxide,  389 
as  sulphate,  389 
volumetric,  alkalimetric  method,  389 
chloride  titration  with  AgNOz,  390 
occurrence,  ores  and  minerals,  387 
preparation  and  solution  of  the  sample,  388 
separation  from  alkalies  and  magnesium, 
388 
from  barium,  388 
from  calcium,  55,  388 
solubilities,  388 
Subcarbonate  of  bismuth,  precipitation  of 

bismuth  as,  66 
Suction  ventilator  (Fig.  103),  673 
Sulphanilic  acid  reagent,  538 
Sulphate  method  for  determining  lead,  236 
Sulphate    method    for    separating    alkaline 
earths  from  the  alkalies  and  magnesium, 

for  determining  lead,  236 
Sulphates  in  gypsum,  632 
soluble  in  blanc  fixe,  633 
in  sublimed  white  lead,  624 
in  water,  551 
Sulphates  and  sulphides  in  presence  of  one 
another,  determination  of,  409 
determination    of,   in   presence   of   other 
sulphur  acids,  412 
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Sulphide,  detection  of,  391 

solubility,  3Q3 
Sulphide  and  sulphate  det.  on  in  presence 

of  each  other,  40Q 
Sulphide  and  sulphohydrate  in  presence  of 
one  another,  determination  of,  408 
determination  of  tin  as,  423,  426 
in  composite  white  paint,  634 
ores,  evaluation  of  by  combustion  method, 
402 
Sulphide  ores,  decomposition  of,  19,  31,  51, 

89,  150,  211,  234,  393,  258,  371,  396 
Sulphites,  iodine  titration  of,  410 
detection  of,  391 

in  presence  of  other  sulphur  acids,  de- 
termination of,  41 2 
solubility,  393 

sulphurous  acid  test  for  vanadium,  463 
Sulphocyanate  method  for  determining  cof)- 
per,  162 
for  small  amounts  of  iron,  222 
Sulphocyanic  acid,  sulphur  in,  409 
Sulphohydrate  in  presence  of  sulphide,  det. 

of,  408 
Sulphur,  detection  of,  element,  391 

sulphides,    sulphites,    sulphates,    thio- 
sulphates,  391 
estimation,  general  procedures: 
gravimetric,  as  barium  sulphate  precip- 
itated from  hot  solutions,  395 
as  barium  sulphate  precipitated  from 
cold  solutions,  large  volume,  396 
combustion  method  for  sulphide  ores, 
402 
gravimetric  and  volumetric,   evolution 
method,  398 
evolution  method  for  S  in  iron  and 
steel,  400 
iron  ore  briquettes,  sodium  sul- 
phide, 401 
volumetric  methods,  titration  with  ba- 
rium chloride,   and  potassium  di- 
chromate  (Wiedenstein's  method), 

403 
barium    chromate-iodinc-thiosulphate 

method  of  Hineman,  404 
benzidine  hydrochloride  method,  405 
estimation,  special  procedures: 
available,  in  brimstone,  415 
determination  of  sulphur  in  coal,  393, 675 
free  sulphur  in  a  mixture,  414 
in  copper,  172 
in  gas,  716 
in  iron  and  steel,  229 
in  materials  high  in  sulphide  sulphur, 

determining  available  HjS,  407 
in  oils,  burning  oils,  570 
in  rocks,  silicates,  insoluble  sulphates, 

3P3 
in  Portland  cement,  652 

in  sublimed  blue  lead,  638 

in  thiocyanic  acid  and  its  salts,  409 


Sulphur,  in  ultramarine  blue,  637 
volatile,  in  coal,  675 
in  spent  oxide,  415 
residual,  in  spent  oxide,  415 
Sulphur  dioxide  test  for  molybdenum,  275 
in  zinc  lead  and  leaded  zinc,  626 
method  for  determining  selenium,  363 

tellurium,  364 
reduction  of  vanadium  to  V2O4,  469 
test  for  titanium,  432 
Sulphuric  acid,  arsenic  determination  in,  81, 

44 
arsenous  acid  in,  31 

combined,  in  silicate  of  soda,  374 

gases,  720 

Sulphuric  acid  in  aluminum  salts,  12 

in  ammoniacal  liquor,  299 

in  acetic  acid,  527 

in  hydrochloric  acid,  509 

in  hydrofluoric  acid,  511 

in  nitric  acid,  513 

in  oleum  and  mixed  acids,  523 

(anhydride)  in  oleum  and  mixed  acids, 

523 
in  paint  pigments,  624,  628,  632,  633, 

634*  638,  639,  640 
in   standard   solution,   preptaration  of, 
502,  503- 
for  Devarda's  alloy.  300 
strength   for  equilibrium   with   atmos- 
pheric moisture,  502 
test  for  selenium,  358  • 
test  for  oils,  571 
Sulphurous  acid,  free  or  combined,  in  ^1- 
phites,  acid  sulphites,  metabisulphites 
and  thiosulphates,  determination  of, 
gravimetric,  409 
free  or  combined  in  sulphites,  acid  sul- 
phites, metabisulphites    and   thio- 
sulphates, volumetric  method  «ith 
iodine,  410 
free  or  combined  in  sulphites,  acid  sul- 
phites, metabisulphates,  and    thio- 
sulphates,  acidimetric  and   alkali- 
metric  methods,  411 
in  acetic  acid,  529 
in  hydrofluoric  acid,  511 
reduction  of  ferric  solution,  216 
of  chlorate,  128 
Sutton,  permanganate  titration  of  calcium 
oxalate,  92 

Tables,  Acids: 

acetic  acid  (Oudemans*)  Table  XII,  794 
melting-points  of   (Rudorff)  Table 
XI,  794 
hydrochloric  acid  (Ferguson),  Table  V, 
782,  783 
(Lunge  and  Marchlewski),  784 
constant  boiling-points  of,  784 
nitric  acid  (Fei:guson),  Table  VII,  785, 
786 
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Tables,  nitric  acid  (Lunj^e  and  Rey),  Table 
VIII,  787,  788 
phosphoric  acid  (Hager),  Table  XIII, 

7Q5 
sulphuric  acid   (Ferguson  and  Talbot) 

Table  IX,  789,  793 
(Bishop),  Table  X,  793 
approximate  boiling-points,  790 
fuming,  526 

charts  of  sp.gr.  and  b.p.,  502 
alkalies: 

aqua  ammonia  (Ferguson),  Table  XIV, 
796 
coefficient  of  expansion,  797 
sodium  hydroxide  (Lunge),  Table  XV, 

798 
atomic  weights,  international,  Table  I,  779 
Baumd  degrees  and  specific  gravity  com- 
parison, Table  XX,  819 
Centigrade  and  Fahrenheit  degrees,  com- 
parison, Table  XIX,  818 
compounds,  inorganic,  useful  data  (Meikle- 

john).  Table  XVII,  801-803 
conversion     factors    (Scott    and    Clark), 

Table  XVIII,  804-817 
electromotive    arrangement   of    elements. 

Table  IV,  781 
Engler,  Redwood,  and  Saybolt  times,  com- 
parison table,  607 
fatty  acids,  characteristics  of,  603 
fluorine   chart,    apparent   per   cent   TiOx 

and  grams  F.,  185 
gases,  aqueous  vapor  in  air,  736 

chimney  or  flue,  table  of  calculation,  710 
detection  of,  property  tables,  694 
efficiency  and  loss  chart,  738 
specific  heat  of,  736 
sulphur  dioxide,   iodine  values   for,   in 

Reich  method,  721,  722 
table  of  constants,  822,  823 
hardness  in  water,  559 
indicators  and  their  uses,  499 

Thomson's  table,  500 
melting-points  of  the  elements.  Table  II, 

780 
oil,  characteristics  of,  604 
permanent  standards,  ammonia  in  water, 

S3» 
rare  earth  elements,  112 

oxalates,  separations,  1 1 7 

specifications  for  elements  in  steel: 

carbon  in  steel,  225 

manganese  in  steel,  228 

phosphorus  in  steel,  229 

silicon  in  steel,  2^2 

sulphur  in  steel,  2$  i 
temperature,  standards  of  measurement, 
780 

from  color  of  heated  metal,  781 

of  flames,  780 

constants,  781 
turbidimeter  sulphur  table,  676,  677 


Tables,  va{)or  tension  of  water  in  mm.  Hg  at 
—  2  to  36°  C.  (Regnault,  Broch  and 
Weibe),  Table  XVI,  800 
water,  outline  of  procedure  for  analysis,  545 
standards  of  purity  table  of  Illinois  State 
(Geological  Survey,  544 
waxes,  characteristics  of,  606 
weights    and    measures,    comparison    of 
metric  with  customary    units,  Table 
XXI,  820 
Talbot's    method    for    separating    tungsten 

from  tin  and  antimony,  452 
Tantaliferous  minerals,  455 

opening  up  of,  456 
Tantalum,  detection  of,  455 

estimation,  method  for  determining,  557 
occurrence,  ores  and  minerals,  455 
preparation  and  solution  of  the  sample,  456 

tantaliferous  minerals,  456 
separation,  isolation  of  tantalum  o.xide,  456 
removal  of  antimony  and  tin,  tungsten 
and  silica,  457 
solubilities,  456 
Tartaric  acid,  oxidation  of,  in  titanium  de- 
termination, 436 
Tellurium,  detection,  general  procedure,  358 
special  tests,  359 
estimation,  363 
gravimetric,  determination  as  dioxide, 
265 
reduction  with  sulphur  dioxide,  364 
volumetric  method,  365 
occurrence,  359 

preparation  and  solution  of  the  sample,  360 
separations  (sec  Selenium),  360 
solubilities,  360 

and  selenium,  determination  of,  in  copper, 
171 
apparatus  for    separation  of  (Fig.  57), 
362 
Tellurium  dioxide,  determining  tellurium  as. 

Temperature  determination  of  flue  gas,  709 

estimation  of  by  color  of  heated  metal,  781 
Temperatures  of  flames,  780 
Tensile  strength  of  cement,  test  for,  647 
Terminal  case  (Fig.  27),  electrolytic  deter- 
mination of  copper,  155 
Test  lead  method  for  reducing  ferric  salts, 

215.  217 
Thallium  protoxide  test  for  platinum,  325 
Thiocyanate  method  for  determining  iron, 
222 
(Volhard)  for  silver,  378 
Thiocyanic  acid,  sulphur  in,  409 
Thiosulphate  in  presence  of  sulphide  and 

sulphohydrate,  det.  of,  408 
Thiosulphate  of  sodium,  N/ 10  solution  of,  204 
determination  of  in  presence  of  sulphide 
and  sulphohydrate,  408 
Thiosulphatcs,  detection  of,  391 
gravimetric  method  for,  409 
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Thiosulphates,  reagent  for  iodine  number  in 
oils,  584 
solubility,  393 

volumetric  iodine  method  for,  410 
Thomas  electric  gas  meter,  691 
Thomson,  boric  acid  in  milk,  73 

method  for  iron,  222 
Thomson's  table  of  indicators,  500 
Thorite,  decomposition  of,  416 
Thorium,  detection  of,  416 
estimation,  gravimetric  method,  417 

minute  amounts  of,  418 
preparation  and  solution  of  the  sample, 
oxides,  phosphates   (monazite,  etc.), 
silicates,  416 
separations,  417 
Thresh 's  method  for  bismuth,  70 
Thymol  method  for  titanium,  444 
Tin,  detection  of,  419 
estimation,  general  procedures: 
gravimetric,  by  electrolytic  method,  430 
by  hydrolysis  and  ignition  to  oxide, 

422 
as  sulphide,  422 
volumetric,  iodine  method  of  Lenssen, 
modified  by  Baker,  426 
estimations,  special  procedures: 
determination  of  in  alloys,  brass  and 
bronze,  667 
in  Britannia  metal,  667 
in  metallic  lead,  250 
in  soft  solder,  662 
in  t>'pe  metal,  660 
in  Wood's  metal,  664 
determination  in  bichloride  of  tin,  421 
in  canned  food  products,  430 
in  water,  557 
preparation  of  the  sample,  opening  up  tin 
ores,  419 
cyanide  process,  420 
hydrogen  reduction,  421 
sodium  carbonate  methods,  421 
hydroxide  method,  421 
peroxide  method,  421 
separation,  general  procedure,  421 
from  aluminum,  antimony,  422 

in  water,  557 
from  antimony  in  alloys,  660,  667 
from  arsenic,  35 
from  arsenic  in  alloys,  667 
from  copper,  lead,  421 
from  phosphorus,  tungstic  acid,  442 
standard  solution  of,  427 
Time  required  in  gas  analysis,  707 
Titaniferous  ores,  analysis  of,  determination 
of    titanium,    aluminum,    iron,    silica, 
phosphorus,  445,  447 
slags,  docomf)osition  of,  434 
Titanium   Alloy   Manufacturing   Company, 

methods  of,  436,  441-444,  445 
Titanium,  detection  of,  432 
estimation,  general  procedures: 


Titanium,  estimation,  gravimetric,    Goocfa- 
Thomton  method,  modified,  435 
ferro-carbon  titanium,  436 
volumetric,  by  reduction  and  direct  ti- 
tration with  ferric  salt,  438 
by  zinc  reduction,  addition  of  excess 
ferric  salt  and  titration  with  per- 
manganate, 437 
hydrogen  peroxide  colorimetric  meth- 
od,  439 
estinuition,  special  procedures: 

titanium  in  steel,  colorimetric  method, 
441 

in  steel  treated  with  ferro-carbon,  441 
hydrochloric  acid-insoluble  titanium,  443 
-soluble  titanium,  442 
occurrence,  ores  and  minerals,  432 
preparation  and  solution  of  the  sample, 
allo>'s,   element,   ores,   oxides,    salts, 
steel,  titaniferous  slags,  433—434 
separation  from  alkaline  earths,  434 
from  aluminum,  iron,  copper,  434,  435 
from   bivalent    metab,    cobalt,    nickel, 
manganese,  zinc,  435 
Titer  test  for  oils,  598 

standard  solution  of,  445 
Titration  of  acids  and  alkali^  508 
Traces.    See  under  estimation  of   element 
in  question, 
aluminum,  detection  of  with  alizarine  S, 

determination  of  with  alizarine  S,  14 
ammonia,  299,  536 
antimony,  detection  of,  18 

determination  of,  28 
arsenic,  detection  of,  30 
determination   of   in   acids,    sulphuric, 
hydrochloric,  nitric,  phosphoric,  in 
alumina  and  iron  ores,  phosphates, 
salts,  baking  powder,  canned  goods, 
meat,  etc.,  40-46 
barium,  detection  by  flame  and  spectrum, 

50 

ber>'llium.    See  Glucinum. 

bismuth,  colorimetric  procedures  for  esti- 
mation of,  69,  70 

boron,  tests  for,  71 

cadmium,  detection  by  spectrum,  84 

calcium,  detection  by  flame  and  spectrum, 
88 

carbon,  colorimetric  estimation  of,  loS 

cerium,  and  the  other  rare  earths,  detec- 
tion, 112 
colorimetric  method  for  cerium,  116 

chlorine,  detection  of,  118 

chromium,  detection  of,  132 
determination  of,  138 

cobalt,  detection,  140 
determination  by  nitroso-beta-naphthol, 

143 
columbium.    See  Tantalum. 

copper,  detection,  149 
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Traces,    copper,     determination    in    small 
amounts,  165-167 
in  water,  557 
fluorine,  detection  of,  176,  177 

estimation  of,  188 
glucinum,  detection  of,  189 
gold,  detection  of,  192 

determination  of  small  amounts,  196 
iodine,  detection,  200 
iron,  detection  of,  210 

determination  of  small  amounts,  222 
lead,  detection  of,  233,  557 
determination  of  small   amounts,  gravi- 
metric, 241 
colorimetric,  243 
lithium,  detection  of,  342 
magnesium,  detection  of,  253 
manganese,  detection  of,  257 

determination  of  small  amounts,  267 
mercury,  detection  of,  270 
molybdenum,  detection  of,  275 
nickel,  detection  of,  283 

determination  of  small  amounts,  286,  287 
nitrogen,  ammonia,  Nessler's  test  for,  291 
determination.      See    Ammonia    under 

Traces, 
nitric  acid,  detection,  291 

determination  of  small  amounts,  515 
nitrous  acid,  test  for,  291 
estimation  of,  520 
phosphorus,  detection  of,  310 
platinum,  detection  of,  324 
platinum  metals,  detection  of  iridium,  330 
osmium,  327 
palladium,  332 
rhodium,  336 
ruthenium,  334 
potassium,  detection  of,  341 
rubidium,  detection  of,  342 
selenium,  detection  of,  358 
sodium,  detection  of,  341 
tellurium,  detection  of,  359 
silicon,  detection  of,  367 
silver,  detection  of,  375 

determination  of  small  amounts,  384 
strontium,  detection  of,  387 
sulphur,  combined  and  free,  detection  of. 

391 
determination  of  small  amounts,  evo 

lution  method,  398 

thorium,  detection  of,  416 

determination  of  minute  amounts,  418 
tin,  detection  of,  419,  557 

determination  of,  in  canned  food  prod 
ucts,  430 
tantalum  and  columbium,  detection  of,  455 
titanium,  detection  of,  432 

colorimetric  method,  439,  441,  444 
tungsten,  detection  of,  448 
uranium,  detection  of,  458 
vanadium,  detection  of,  463 

determination  of  small  amounts,  47I1 475 


Traces,  zinc,  detection  of,  477,  557 

determination  of  small  amounts,  487 
zirconium,  detection,  494 
Tread  well  and  Hall,  205,  206 

method  for  iodine,  206 
Trisulphide  of  antimony,  determination  of 
antimony  as,  23 

arsenic,  determination  of  arsenic  as,  36 
Trogg   and   Lenher,   precautions   on   silica 

determination,  373 
True  silica,  estimation  of,  372 
Tung  oil,  analysis  of,  613 
Tungsten,  detection  of  in  alloys  and  steel, 

448 
in  minerals,  448 
estimation,  gravimetric: 

mercurous  tungstate  method,  454 
tungstic  acid,  precipitation  of,  453 
volumetric  method,  454 
estimation,  special  procedures: 

tungsten  bronzes,  451 
occurrence,  ores  and  minerals,  449 
powder,  t>'pical  analysis  of,  449 
preparation  and  solution  of  the  sample,  449 
alloys,    steel    minerals,    ferrotungsten, 
tungsten  bronzes,  449-451 
separation  from  antimony,  tin,  452 
from  arsenic  and  phosphorus,  452 
from  iron,  titanium,  vanadium,  452,  453 
from  molybdenum  by  Hommell's  and 

Pechard's  methods,  452,  453 
from  silica,  tin,  451 
solubilities  of  acids  and  oxides,  449 
steel  and  alloys,  tungsten  in,  450 
technical  uses  of,  449 
Tungstic  acid,  det.  of  tungsten  as,  454 
Turbidity  tests  of  water,  534 
Turbidimetric  sulphur  table,  676,  677 
Turmeric  test  for  bismuth,  71 
Turpentine,   analysis    of,   determination   of 
color,  specific  gravity,  refractive  index; 
distillation,    polymerization,    standards 
of,  617,  618 
Type  metal,  analysis  of  (see  Alloys),  659 

Ultramarine  blue,  analysis  of,  637 
Universal  viscosimeter,  573 
Unsaponifiable  matter  in  oil,  identification 
of,  589 
in  Chinese  wood  oil,  613 
oils,  detection  and  determination  of,  588 
Uranium,  detection  of,  458 
uranous  and  uranyl  salts,  458 
estimation,  gravimetric  method  as  oxide, 
U.,Oh,  461 
volumetric  method,  461 
occurrence,  458 
preparation  and  solution  of  the  sample, 

ores,  459 
separation  from  H2S  group  elements,  cop- 
per, bismuth,  lead,  arsenic,  antimony, 

459 
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Uranium,  separation  from  iron  and  metals 
having  water  insoluble  carbonates, 

459 
from  vanadium,  459,  460 
solubilities,  459 

uranous  salts,  detection  of,  458 
uranyl  salts,  detection  of,  458 
uses,  458 
Uranium  oxide,  purity  test  of,  461 
Urbasch*s  hydrogen  sulphide  generator,  37 
U.  S.  Bureau  of  Standards  Circular,  35 

references  on  melting-points,  62,  84,  88, 
118,  200,  210,  253,  270,  391,  448 

Valuation  of  aluminum  ores,  4 

of  fluorspar,  179,  186 
Vanadium,  detection,  test  with  ammonium 
sulphide,  hydrogen  sulphide,  hydrogen 
peroxide,  reducing  agents,  443 
comparsion  of  chromium  and  vanadium 
salts,  463 
test  for  in  steel,  443 
estimation,  general  procedures: 
gravimetric,  lead  acetate  method.  468 

mercurous  nitrate  method,  467 
volumetric,   HjS  or   SO2   reduction   to 
\tO4y  and  titration  with  KMn04,469 
zinc  reduction  to  V2OJ  and  titration 
with  KMn04,  470 
estimation,  special  methods: 
determination  of  vanadium  in  presence 
of  antimony  or  arsenic,  472 
in  presence  of  chromic  acid,  473 
in  presence  of  iron,  472 
in  presence  of  molybdenum,  471 
in  cupro- vanadium,  brasses  and 

bronzes,  476 
in  ferro-vanadium,  476 
in  steel  in  presence    or    absence  of 

chromium,  471,  475 
in  vanadium  ores,  475 
industrial  application,  464 
occurrence,  minerals  and  ores,  464 
preparation  and  solution  of  the  sample: 
decomposition  of  alloys,  iron  and  steel, 

466 
ores,   general   procedure,   ores  high  in 
silica,  ores  low  in  silica,  465 
separation    from    arsenic,    molybdenum, 
phosphoric  acid,  466 
chromium,  467 
solubilities,  element,  oxides  and  salts,  465 
Valenta  test  for  oil,  581 

of  animal  and  vegetable  oils,  581 
Vamari-Mitscherlich-Devarda     method    for 

nitrogen  in  soils,  304 
Vanier  absorption  bulb,  96 
Vanino  and  Treubert,  reduction  of  bismuth 

salt,  68 
Van    Nostrand   Chem.   Annual,  -.  Olsen,     88 

93,  119,  210,  253,  270 
Vapor  tension  of  sulphuric  acid,  502 


Varnish,  analysis  of,  determination  of  acid 
number,  ash,  fixed  oib  and  resins,  flash 
point,  separation  of  polymerized  oils  and 
resins,  618-620 
Varrentrapp  and  Will  bulbs  (Fig.  117),  693 
Vegetable  oils  (see  Oils,  Fats.  Waxes),  580 
or  animal  oils,  test  for,  590 
detection  of  manganese  in,  257 
Vehicles,  paint  analysis,  610 
liquid  percentage  of,  610 
separation  of  components,  611 
Vermilion,  analysis  of,  635 
Vicat  needle  for  testing  cement,  644 
Virgin,  arsenic  determination,  37 
Viscosity  in  oils,  determination  of,  572 
Viscosimeters  for  determining  \nscosity  in 

oils,  572,  573. 
Vogel's  modification  of  Pisani*s  method  for 

silver,  384 
Volatile  combustible  matter  in  coal,  a|^)aratus 
for,  (104),  674 
method  for  det.  in  coal,  674 
matter  in  sodium  fluoride,  188 
Volatiles  in  paint,  distillation  of,  611 

sulphur  in  coal,  675 
Volhard's  method  for  determining  bromine, 
81 
chlorine,  125 
iodine,  207 
manganese,  266 
silver,  378 
Volumetric  methods.    See  under  element  in 

question. 
Vortmann  and  Metzel  method  for  determin- 
ing antimony,  23 

Wagner's  solution,  90 

Warrington,  traces  of  lead,  243 

Warwick  and  Kyle  on  oxalate  method  for 

bismuth,  68 
Water  analysis,  general  considerations,  533 

mineral  analysis,  545 
abstract  of  general  scheme  of  analysis, 

545 
acidity,  determination  of,  553 

alkalinity,  determination  of,  552 

alumina,  determination  of,  546 

ammonia,  determination  of,  555 

calcium,  determination  of,  548 

calcium  sulphate,  determination  of,  561 

carbonic  acid,  determination  of,  553 

chlorine,  determination  of,  554 

corrosion,  acid  waters,  determination 

of,  563 
field  assay,  565 
foaming  and  priming,  563 
hardness  in,  558 
hydrogen  sulphide  in,  555 
interpretation  of  anal>'sis,  562 
iron,  determination  of,  547 
irrigating  waters,  564 
lime  value  of,  561 
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Water,  magnesium  in,  449 
chloride,  560 
manganese-bismuthatc  method  of  de- 
termining, 550 
Knorre's  persulphate  method,  550 
mineral  residue  in  water,  555 
nitrates,  determination  of,  554 
oil,  determination  of,  556 
oxygen   dissolved,   determination  of, 

phosphates,  determination  of,  548 
residue,  total  mineral,  determination 

of,  555 
scale,  determination  of,  563 

silica,  determination  of,  546 

soda,  value  for,  561 

sodium  and  potassium,  determination 

o^  551 
softening  of,  563 

sulphates,   determination  as  barium 

sulphate,  by  benzidine  method. 

551  .  ,  . 

traces  of  impurities,  cop{>er,  lead,  tm 

and  zinc,  557 

smitary  analysis,  534 

ammonia,  albuminoid  in,  537 

free,  determination  of,  536 

chemical  tests,  536 

chlorine  determination  in,  (present  as 

chloride),  541 

color  test,  534 

interpretation  of  analysis,  543 

nitrogen  as  nitrate,  539 

as  nitrite,  53S 

organic,  537 

odor  test,  535 

oxygen  consumed,  541 

physical  tests,  534 

residue,  total  solids  in,  54a 

turbidity  test,  534 

in  burning  oils,  571 

in  paint  vehicles,  611 

iodide  or  iodine  in,  201 

percentage    required    in    standard    sand 

mortar  (table),  645 

vapor  in  air,  736 

Waxes,  601 

Weber  and  Hintz  on  sulphur  precipitation, 

395 
Weighing  tubes  for  acids  (Figs.  80,  81,  82,  83), 

506-508 
Weiss,  separating  zinc  as  sulphide,  485 
Welch- Weber  method  for  detecting  tin,  419 
Weller's  determination  of  antimony,  27 
Welsbach  mantles,  cerium  determination  in, 

116 
W^estphal  balance  for  determining  sfMJcific 
gravity  apparatus  (Fig.  87),  569 
specific  gravity  of  oils,  method  for,  569 
Wet  combustion  process  for  carbon  deter- 
mination, 102 
gold  assay  of  minerals,  194 


Wet  meter,  690 

tests  for  copper,  149 
Whitby's  method  for  silver  detection  and 

estimation,  376 
White  lead,  corroded,  analysis  of,  625 

sublimed,  analysis  of,  622 
Whiting  paint  pigment,  analysis  of,  632 
Whitmer  and  Cain's  method  for  vanadium 

in  steel,  471 
Wiborg's   method    for   determining   carbon 

(reference),  107 
Wildenstein's  volumetric  method  for  sulphur, 

403 
Wilkie's  colorimetric  method,  for  traces  of 

lead,  243 
Winkler,  titration  of  anmionia  in  boric  acid, 

294 
Winkler's   spiral  absorption   apparatus   for 

gas  (Fig.  118),  693 
Winterstein  and  Herzfeld,  iodine  liberation 
^       with  peroxide,  207 
Witherite,  analysis  of,  60 

commercial  valuation  of,  60 
Wolff's  absorpton  tube  (Fig.  118),  69^ 
Wood's  metal,  analysis  of  (see  Alloys),  664 
Wurster's  method  for  ozone,  ,697 

Xenon  in  the  atmospheric  air,  292 

Ytterbium,  112,  113 

Zinc,  detection  of,  477 
estimation,  general  procedure,  477 
gravimetric  determination  by  electroly- 
sis, 479 
as  the  oxide,  ZnO,  479 
as  the  sulphate,  ZnS04,  479 
volumetric  methods,  ferrocyanide  titra- 
tion: 

(a)  in  acid  solution,  480,  483 

(b)  in  alkaline  solution,  481 
estimation,  special  procedures: 

determination  in  alloys,  in  brass  and 
bronze,  669 
in  German  silver,  669 
in  manganese  phosphorus  bronze,  670 
in  copper  (metallic),  169 
in  lead  (metallic),  252 
in  Rose's  metal,  664 
in  soft  solder,  663 
determination  in  composite  white  paint, 
634 
in  orange  and  yellow  pigments,  639 
in  white  lead  (sublimed),  623 
determination    in    material    containing 
cadmium,  482 
in  presence  of  carbonaceous  matter, 

482 
in  presence  of  metallics,  482 
in  material  containing  insoluble  zinc, 
4«5 
determination  in  ores,  copper-bcaring,48i 
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Zinc,  estimation  in  water,  557,  558 
in  zinc  dust,  487 
moisture  determination  in  pulp,  478 
preparation  of  the  sample,  478 
separation  from  antimony,   arsenic,   bis- 
muth, cadmium,  copper,  and  lead,  478 
from  aluminum,  iron,  manganese,  cobalt 

and  nickel,  478r-48o 
from  iron,  665 

sulphide  precipitation  of  zinc,  483-485 
spelter,  determination  of  impurities  in,  489 
cadmium   in,  electrolytic  and  sulphide 

methods,  491 
iron  in,  hydrogen  sulphide  and  colon- 

metric  methods,  490 
lead    in,    electrolytic    and    lead    acid 
methods,  489,  490 
"traces,"  determination  of  small  amounts 
of  zinc,  487 
Zinc  metal,  preparation  of  pure,  for  arsenic 
determination,  42 
metallic,  testfor  iridium,  330 
for  palladium,  333 
for  platinum,  325 
for  rhodium,  336 
for  ruthenium,  334 
for  titanium,  432 
for  vanadium,  463 
Zinc    arsenite,    determination    of    arsenic, 
soluble  and  insoluble,  in,  32 


Zinc  lead  and  leaded  zinc,  analysis  of,  626 
oxide,  determination  of  zinc  as,  479 
impurities  in,  492,  627 
in  the  conmiercial  product,  630 
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vances in  chemical  science.  65  illustrations.  534  x  7^4. 
267  pp.  |2.00 

MELICK,  CHAEIES  W.  Dairy  Laboratory  Onide.  52 
illustrations.    i2mo.    cloth.    135  pp.  net,  |1.2S 

MEBCE,  £.  Chemical  Beagents :  Their  Purity  and  Tests. 
Second  Edition,  revised.    6x9.   cloth.   210  pp.    fl.OO 

MIEEZINSKI,  S.  The  Waterproofing  of  Fabrics.  Trans- 
lated from  the  German  by  A.  Morris  and  H.  Robson. 
Second  Edition,  revised  and  enlarged,  29  illustrations. 
5x73/<.    140  pp.  net,  $2.50 

MITCHELL,  C.  A.  Mineral  and  Aerated  Waters,  in 
illustrations.     8vo.     cloth.     244  pp.  net,  $3.00 

MITCHELL.  C.  A.,  and  PSIDEAUX.  E.  M.  Fibres  Used 
in  Textile  and  Allied  Industries.  66  illustrations. 
8vo.     cloth.     208  pp.  net.  $3.00 

MTJNBT,  A.  E.  Introdmction  to  the  Chemistry  and 
Physics  of  Building  Materials.  Illus.  8vo.  cloth.  365 
pp.    (Van  Nostrand's  Westminster  Series.)     net,  $2.00 

MURRAY,  J.  A.  Soils  and  Manures.  33  illustrations. 
8vo.  cloth.  367  pp.  (Van  Nostrand's  Westminster 
Series.)  net,  $2.00 
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HEAVE,  G.  B.,  and  HEILBSOH,  I.  M.  The  Identifica- 
tion of  Organic  Componnds.     i2mo.    cloth,    iii  pp. 

net,  11.25 
NOETH,   H.    B.     Laboratory   Experiments    in    General 

Chemistry.    Second  Edition,  revised,    36  illustrations. 

5/4  -^7^>4-    cloth.    212  pp.  net  |1.'00 

OLSEN,   T.   C.     A  Textbook  of   Quantitative   Chemical 

Analysis    by   Gravimetric    and    Gasometric    Hethods. 

Including  74  laboratory  exercises  giving  the  analysis 
of  pure  salts,  alloys,  minerals  and  technical  products. 
Fifth  Edition,  revised  and  enlarged.  Illustrated. 
6>j  X  (J  14.    cloth.    576  pp.  net,  $3.50 

PARET,  EENEST  T.  The  Chemistry  of  Essential  Oils 
and  Artificial  Perfumes.  Second  Edition,  thoroughly 
revised  and  greatly  enlarged.  Illustrated.  8vo.  cloth. 
554  PP-  net,  16.00 

Food  and  Drugs.    In  2  volumes.    Illus.    8vo.  cloth. 

Vol.  I.  The  Analysis  of  Food  and  Drugs  (Chemical 
and  Microscopical).    59  illus.    724  pp.  net,  $7.50 

Vol.  II.  The  Sale  of  Food  and  Drugs  Acts,  1873- 
1907.     184  pp.  net,  |3.00 

PAKTINOTON,   JAMES   E.     A   Text-book   of   Thermo- 

d3mamics  (with  special  reference  to  Chemistry).  91 
diagrams.     8vo.     cloth.     550  pp.  net,  $4.00 

Higher   Mathematics   for   Chemical   Students.     44 

diagrams.     i2mo.     cloth.     272  pp.  net,  $2.00 

PERKIN.  F.  M.,  and  JAOOEBS^  E.  M.  Textbook  of  Ele- 
mentary Chemistry,  "^y  illustrations.  4^  x  7.  cloth. 
342  pp.  net,  $1.00 

PLATTNEE  S  Manual  of  aualitative  and  Quantitative 
Analysis  with  the  Blowpipe.  Eighth  Edition,  revised. 
Translated  by  Henry  B.  Cornwall,  assisted  by  John 
H.  Caswell,  from  the  Sixth  German  Edition,  by  Fried- 
rich    Kolbeck.  87  ill.  8vo.  cloth.  463  pp.        net,  $4.00 
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POIXETJf,  7.  Brestiiigs  and  Finiihiiigs  for  Textile 
Fabiioi  and  Their  Application.  Translated  from  the 
Third  German  Edition  by  Chas.  Salter.  60  illustra- 
tions.    8vo.     cloth.     279  pp.  net,  $3.00 

POPE,  P.  G.  Modem  Besearch  in  Organic  Chemistry. 
261  diagrams.     i2mo.    cloth.    336  pp.  net,  $2.26 

PORBITT,  B.  D.  The  Chemistry  of  Bnbber.  5x7^. 
cloth.  100  pp.  (Van  Nostrand's  Chemical  Mono- 
graphs.) net,  $0.75 

POTTS,  EABOLD  E.  Chemistry  of  the  Bubber  Industry. 
8vo.    cloth.     163  pp.  net,  $2.00 

PBESCOTT,  A.  B.  Oi^nic  Analysis.  A  manual  of  the 
descriptive  and  analytical  chemistry  of  certain  carbon 
compounds  in  common  use.  Sixth  Edition,  Illus- 
trated.   8vo.    cloth.    533  pp.  |5.00 

PBESCOTT,  A.  B.,  and  JOHNSON,  0.  C.  QnaHtatiye 
Chemical  Analysis.  Seventh  Edition,  revised  and  en- 
larged by  John  C.  Olsen,  A.M.,  Ph.D.  6^x9^. 
cloth.    440  pp.  net,  |3.50 

PBESCOTT,  A.  B.,  and  SULLIVAN,  £.  C.  First  Book  in 
Qnalitative  Chemistry.  For  studies  of  water  solution 
and  mass  action.  Eleventh  Edition,  entirely  rewritten. 
i2mo.    cloth.    150  pp.  net,  |1.50 

PBIBEAVZ,  E.  B.  B.  Problems  in  Physical  Chemistry 
with  Practical  Applications.  13  diagrams.  8vo.  cloth. 
323  pp.  net,  $2.00 

EICHABDS,  W.  A.,  and  NOBTH,  H.  B.     A  Manual  of 
Cement  Testing.     For  the  use  of  engineers  and  chem- 
ists  in  colleges  and   in   the  field.     56  illustrations. 
i2mo.     cloth.     147  pp.  net  $1.50 

BIuEAL,  S.  Olue  and  Glne  Testing.  Second  Edition, 
revised  and  enlarged.  14  illustrations.  sH  ^  ^H- 
cloth.    194  pp.  net,  $4.00 
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BOOEBS,  ALLEN    (Editor).     Industrial  Chemistry.   A 

manual  for  the  student  and  manufacturer.  Second 
Edition,  thoroughly  revised  and  enlarged.  Written 
by  a  staff  of  eminent  specialists.  304  illustrations. 
6J^  x9^.    cloth.    1026  pp.  net,  $6.00 

EOOEBS,  ALLEN.  Elements  of  Industrial  Chemistry. 
An  abridgement  of  The  Manual  of  Industrial  Chem- 
istry. 117  illustrations,  i  folding  plate.  5J4x8. 
521  pp.  net,  $3.00 

A  Laboratory  Ouide  of  Industrial  Chemistry.  Illus- 
trated.   8vo.    cloth.    170  pp.  net,  $1.50 

BOHLAND,  PAUL.  The  Colloidal  and  Crystalloidal  State 
of  Matter.  Translated  by  W.  J.  Britland  and  H.  E. 
Potts.     i2mo.    cloth.     54  pp.  net,  $1.26 

BOTH,  W.  A.  Exercises  in  Physical  Chemistry.  Author- 
ized translation  by  A.  T.  Cameron.  49  illustrations. 
8vo.    cloth.    208  pp.  net,  $2.00 

SCHEEEE,  E.     Casein:  Its  Preparation  and  Technical 

Utilization.  Translated  from  the  German  by  Charles 
Salter.  Second  Edition,  revised  and  enlarged.  Il- 
lustrated.   8vo.    cloth.     196  pp.  net,  |3.00 

SCHIDEOWITZ,  P.  Eubber.  Its  Production  and  Indus- 
trial Uses.     Plates,  83  illus.     8vo.     cloth.     320  pp. 

net,  $5.00 

SCHWEIZEE,  V.  Distillation  of  Eesins,  Eesinate  Lakes 
and  Pigments.  Illustrated.  8vo.  cloth.  183pp.net,  $3.60 

SCOTT,  W.  W.  Qualitative  Chemical  Analysis.  A  labo- 
ratory manual.  Second  Edition,  thoroughly  revised. 
Illus.     8vo.     cloth.     180  pp.  net,  $1.50 

SCOTT,  W.  W.  (Editor).  Technical  Methods  of  Analysis. 
111.    6  X  9.    600  pp.  In  Press 

SCTJDDEE,  HEYWAED.  Electrical  Conductivity  and 
Ionization  Constants  of  Organic  Compounds.  6x9. 
cloth.    575  pp.  net,  $3.00 


14         D.    VAN   NOSTRAND    COMPANY'S 


SEASLE,  ALFBED  B.  Modern  Brickmaking.  260  illus- 
trations.    8vo.     cloth.     449  pp.  net,  $5.00 

Cement,   Concrete    and   Bricks.      113   illustrations. 

SyixSl^i.    cloth.    415  pp.  net,  $8.00 

SEIDELL,  A.  Solubilities  of  Inorganic  and  Organic  Sub- 
stances. A  handbook  of  the  most  reliable  quantitative 
solubility  determinations.  Second  Printing,  corrected. 
8vo.    cloth.    367  pp.  net,  $3.00 

SENTEB,  0.  Outlines  of  Physical  Chemistry.  Second 
Edition,  revised.    Illus.    i2mo.    cloth.    401  pp.    $1.75 

A  Text-book  of  Inorganic  Chemistry.  90  illustra- 
tions.    i2mo.    cloth.    595  pp.  net,  $1.75 

SEXTON,  A.  H.  Fuel  and  Befractory  Materials.  Second 
Ed.,  revised.  104  illus.  i2mo.  cloth.  374  pp.     net,  $2.00 

Chemistry  of  the  Materials  of  Engineering.     Illus. 

i2mo.    cloth.     344  pp.  net,  $2.60 

SEKUONS,  W.  H.,  and  KITCHELL,  C.  A.  Edible  Fats 
and  Oils.  Their  composition,  manufacture  and  analy- 
sis.    Illustrated.     8vo.     cloth.     164  pp.        net,  $3.00 

SINDALL,  B.  W.  The  Manufacture  of  Paper.  58  illus. 
Svo.  cloth.  285  pp  .  (Van  Nostrand's  Westminster 
Series.)  net,  $2.00 

SINDALL,  B.  W.,  and  BACON,  W.  N.  The  Testing  of 
Wood  Pulp.  A  practical  handbook  for  the  pulp  and 
paper  trades.     Illus.  8vo.  cloth.  150  pp.        net,  $2.50 

SMITH,  J.  C.  The  Manufacture  of  Paint.  A  manual  for 
paint  manufacturers,  merchants  and  painters.  Second 
Edition,  revised  and  enlarged.  80  illustrations.  5J/2  x 
8^>4.    cloth.    286  pp.  net,  $3.60 

SMITH,    W.     The    Chemistry   of   Hat   Manufacturing. 

Revised    and   edited   by   Albert    Shonk.      Illustrated. 

i2mo.    cloth.     132  pp.  net,  $3.00 

SOTJTHCOMBE,  J.  E.     Chemistry  of  the  Oil  Industries. 

Illus.     Svo.    cloth.     209  pp.  net,  $3.00 
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SPETERS,  C.  L.  Text-book  of  Physical  Chemistry.  20 
illustrations.    8vo.    cloth.    230  pp.  net,  $2.25 

SPIEGEL,  L.  Chemical  Constitntion  and  Physiological 
Action.  Translated  by  C.  Luedeking  and  A.  C. 
Boylston.     5  x  7^^.    cloth.     :6o  pp.  net,  $1.25 

STEVENS,  H.  P.  Paper  Mill  Chemist.  67  illustrations. 
82  tables.     i6nio.    cloth.    280  pp.  net,  $2.50 

SXTDBOBOTJOH,  J.  J.,  and  JAMES,  J.  C.  Practical  Or- 
ganic Chemistry.      92    illustrations.      i2mo.      cloth. 

394  PP*  net,  $2.00 

TEBRT,   H.   L.     India  Bnbber  and   Its   Manufacture. 

18  illustrations.     8vo.     cloth.     303  pp.      (Van  Xos- 

trand's  Westminster  Series.)  net,  $2.00 

TITHERLET,   A.   W.     Laboratory   Course   of    Organic 

Chemistry,    Including   Qualitative    Organic    Analysis. 

Illustrated.    8vo.    cloth.    235  pp.  net,  $2.00 

TOCH,  M.  Chemistry  and  Technology  of  Paints.  Second 
Edition,  revised  and  enlarged.     111.    6x9.     373  pp. 

net,  $4.00 

TOCH,  M.  Materials  for  Permanent  Painting.  A  manual 
for  manufacturers,  art  dealers,  artists,  and  collectors. 
With  full-page  plates.  Illustrated.  i2mo.  cloth. 
208  pp.  net,  $2.00 

TUCKER,  J.  H.  A  Manual  of  Sugar  Analysis.  Sixth 
Edition.    43  illustrations.    8vo.    cloth.    353  pp.    $3.50 

UNDERWOOD,  H.,  and  SULUVAH,  T.  V.  Chemistry  and 
Technology  of  Printing  Inks.  9  illustrations.  6  x  (). 
cloth.     145  pp.  net,  $3.00 

VAN  NOSTRAND'S  Chemical  Annual.  Edited  by  John 
C.  Olsen  and  Alfred  Melhado.  A  handbook  of  useful 
data  for  analytical  manufacturing  and  investigating^ 
chemists  and  chemical  students.  Third  Issue,  enlarged. 
5xyy2.    leather.    683  pp.  net,  $2.50 

VINCENT,   C.     Ammonia   and   Its   Compounds.     Their 
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manufacture  and  uses.     Translated  from  the  French 
by  M.  J.  Salter.  32  ill.  8vo.  cloth.   113  pp.     xiet,|2.00 

YON  OEOBOIEVICS,  0.  Chemical  Technology  of  Textile 
Fibres.  Translated  from  the  German  by  Charles 
Salter.  47  illustrations.  8vo.  cloth.  320  pp.    net,  |4.50 

Chemistry  of  Dyestnfls.  Translated  from  the  Sec- 
ond German  Edition  by  Charles  Salter.  8vo.  cloth. 
412  pp.  net,  14.50 

YOSHAEB,  A.  Ozone,  Its  Kannfacture,  Properties  and 
Uses.  75  illustrations.  6x9.  cloth.  210  pp.        net,  $2.50 

WADMORE,  J.  M.  Elementary  Chemical  Theory.  Illus. 
i2mo.    cloth.     286  pp.  net,  $1.50 

WAIKEE,  JAMES.  Organic  Chemistry  for  Stndents  of 
Medicine.     Illus.    6x9.    cloth.     328  pp.      net,  $2.50 

WALSH,  J.  J.  Mining:  and  Mine  Ventilation.  26  illus 
8vo.    clotl:.    ii)2  pp.  net,  $2.00 

WABNES,  A.  R.  Coal  Tar  Distillation  and  Working  Tip 
of  Tar  Products.  67  illustrations.  5^x8j4-  cloth. 
197  pp.  net,  $2.50 

WHITE,  C.  H.  Methods  in  Metallurgical  Analysis.  100 
illustrations.    5  x  jy2.    cloth.    365  pp.  net,  $2.50 

WHITE,  6.  F.  A  Laboratory  and  Class-room  Guide  to 
Qualitative  Chemical  Analysis.      5x7.   cloth.    178  pp. 

net,  $1.25 

WILSON,  F.  J.,  and  HEILBROH,  I.  M.  Chemical  Theory 
and  Calculations.  An  elementary  text-book.  Illus.,  3 
folding  plates.     i2mo.     cloth.     145  pp.         net,  $1.00 

WOOD,  J.  K.  The  Chemistry  of  Dyeing.  5x7><.  cloth. 
^7  PP-     (  V^"  Nostrand's  Chemical  Monographs.  "I 

net,  $0.75 

WORDEN,  E.  C.     The  Hitroccllnlose  Industry.    A  com- 
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pendium  of  the  history,  chemistry,  manufacture,  com- 
mercial application,  and  analysis  of  nitrates,  acetates, 
and  xanthates  of  cellulose  as  applied  to  the  peaceful 
arts.  With  a  chapter  on  gun  cotton,  smokeless  pow- 
der and  explosive  cellulose  nitrates.  Illustrated. 
8vo.    cloth.    Two  volumes.     1239  PP-  ii«t,  $10.00 

—  Technology  of  Cellulose  Esters.     A  theoretical  and 


practical  treatise  on  the  origin,  history,  chemistry,  man- 
ufacture, technical  application  and  analysis  61  the  pro- 
ducts of  acylation  and  alkylation  of  normal  and  modi- 
fied cellulose,  including  nitrocellulose,  celluloid,  pyr- 
oxylin, collodion,  celloidin,  gun-cotton,  acetycellulose 
and  viscose,  as  applied  to  technology,  pharmacy, 
microscopy,  medicine,  photography  and  the  warlike 
and  peaceful  arts.  In  ten  volumes,  600  ill.,  12  plates, 
110,000  patent  and  literature  references  to  the  work 
of  12,000  investigators. 

\'ol.  VI T I.    Carbohydrate  Carboxylates  (Cellulose  Ace- 
tate).   Illustrated.   6^/2  xgy^.    515  pp.  net,  $5.00 
(Other  volumes  to  follow  at  short  intervals.) 
WEEN,  HENEY.    Organometallic  Compounds  of  Zinc  and 

Magnesium.  S^yVj-  cloth.  108  pp.  (Van  Nos- 
trand's  Chemical  Monographs.)  net,  $0.75 
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